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Objectives: Kidney Disease: Improving Global Outcomes (KDIGO) guidelines include assessment of creatinine and urine output to identify

acute kidney injury (AKI). Whether urine output is an accurate indicator of AKI after cardiac surgery, however, is unclear. The authors’ goal

was to examine whether cardiac surgery patients who fulfilled criteria for AKI by KDIGO urine output criteria also demonstrated kidney injury

by elevated creatinine, other kidney biomarkers, or had worse clinical outcomes.

Design: Secondary analysis of prospectively collected data from a clinical trial, “6% Hydroxyethyl starch 130/0.4 in Cardiac Surgery

(NCT02192502).”

Setting: Academic, quaternary care hospital.

Participants: Patients undergoing elective aortic valve replacement

Interventions: None

Measurements and Main Results: One hundred forty-one patients were classified into AKI stage by KDIGO urine output criteria within 24 hours

after surgery. Kidney biomarkers (serum creatinine, urinary neutrophil gelatinase-associated lipocalin [NGAL], urinary interleukin-18 [IL-18])

and hospital and intensive care unit length of stay were analyzed across AKI stages. Urine output criteria classified four times as many patients

with AKI than creatinine criteria (95 [67%] v 21 [15%]). Most patients meeting KDIGO urine output criteria for AKI postoperatively did not sat-

isfy KDIGO creatinine criteria for AKI within one week (77 of 95 [81%]) or six-to-12 months (27 of 29 [93%]). Higher AKI stage assessed by

urine output was not associated with higher NGAL, IL-18, or longer hospital or intensive care unit stays.

Conclusions: Acute kidney injury classified by KDIGO urine output criteria was not associated with other biomarkers of kidney injury or worse

patient outcomes. These data suggested that KDIGO urine output criteria after cardiac surgery may overclassify AKI stage; further research is

needed.

� 2021 Elsevier Inc. All rights reserved.

Key Words: cardiac surgery; KDIGO, urine output, urinary interleukin-18; urinary neutrophil gelatinase-associated lipocalin
ACUTE KIDNEY INJURY (AKI) occurs in up to 45% of

patients after cardiac surgery1,2 and increases risk of postoper-

ative mortality between three- and 14-fold.2-5 The most current

classification system, Kidney Disease: Improving Global
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Outcomes (KDIGO), categorizes AKI severity by increases in

serum creatinine and/or decreases in urine output.6 When AKI

staging differs between creatinine and urine output criteria,

KDIGO recommends that the worse stage is selected.
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Serum creatinine is a well-established marker for kidney

injury. AKI defined by the KDIGO guideline’s creatinine crite-

ria predicts adverse outcomes, including prolonged hospital

and intensive care unit (ICU) stays,4,7 need for renal replace-

ment therapy,7 and mortality.4,5,8 The prognostic utility of

KDIGO urine output criteria, however, is less clear. Many

reports did not apply urine output criteria due to unavailable

data.4,5,7 Others presented conflicting data. For example, car-

diac surgery patients with AKI staged by KDIGO urine output

criteria had less than half of the mortality rate compared with

creatinine criteria.3 Alternatively, others reported similar

mortality.9

Urine output assessment is especially challenging during the

perioperative period because oliguria may be an appropriate

response to acute blood loss and hypovolemia rather than

indicative of kidney injury.3 Furthermore, other intraoperative

factors, such as perioperative diuretic administration and man-

nitol in the cardiopulmonary bypass prime, can increase urine

output and, thus, conceal kidney injury.10 Frequent intraopera-

tive fluid shifts and intravascular volume administration also

may confound analysis of urine output. The utility of AKI

defined by KDIGO urine output criteria, particularly in the car-

diac surgical postoperative period, requires further investiga-

tion.

New laboratory measures that identify subclinical kidney

injury and predict AKI are being explored.11,12 Urine neutro-

phil gelatinase-associated lipocalin (NGAL) and interleukin-

18 (IL-18) are promising biomarkers associated with ICU and

hospital length of stay, need for renal replacement therapy,

and mortality.13,14 Although urine NGAL and IL-18 predict

AKI by creatinine criteria,13,14 the association with KDIGO

urine output criteria is unknown.

The purpose of this study was to examine the prognostic

utility of KDIGO urine output criteria in cardiac surgical

patients. Specifically, the authors determined if patients with

AKI defined by KDIGO urine output criteria also demon-

strated elevated serum creatinine and required longer ICU and

hospital stays. The authors also examined the association of

KDIGO urine output criteria with novel AKI biomarkers, spe-

cifically urinary NGAL and IL-18. This investigation tested

the primary hypothesis that patients who developed AKI by

KDIGO urine output criteria did not have elevated creatinine.

The secondary hypothesis was that urinary NGAL and IL-18

concentrations and hospital and ICU stays were not different

across AKI stages defined by KDIGO urine output. The objec-

tive of this study was to examine if KDIGO urine output crite-

ria overestimated AKI after cardiac surgery.
Methods

Patients

With Institutional Review Board approval (IRB #19-750)

and waiver of consent, the authors performed a secondary

analysis of prospectively collected data from a clinical trial

titled, “Use of 6% Hydroxyethyl starch 130/0.4 in Cardiac Sur-

gical Patients” (ClinicalTrials.gov Identifier: NCT02192502
registered on July 16, 2014 before patient enrollment).15 Insti-

tutional Review Board approval and written consent from par-

ticipating patients were obtained for the primary clinical trial.

Briefly, the primary trial randomized patients aged 40-to-85

undergoing elective aortic valve replacement with or without

coronary artery bypass grafting between June 2015 and Febru-

ary 2018. They received plasma volume replacement for intra-

operative hypovolemia with a blinded study solution, which

was either 6% hydroxyethyl starch 130/0.4 (Voluven, Frese-

nius Kabi, Bad Homburg, Germany) or human albumin 5%

(Fig 1). Additional details on the investigational protocol pre-

viously were published.15

Exclusion criteria for the primary trial included preoperative

renal insufficiency (creatinine >1.6 mg/dL); renal failure with

oliguria or anuria not related to hypovolemia; hemodialysis;

use of hypothermic circulatory arrest; known hypersensitivity

or allergy to hydroxyethyl starch or excipients of hydroxyethyl

starch; plasma volume overload; severe hypernatremia or

hyperchloremia; intracranial bleeding; patients who were preg-

nant or breastfeeding; and critically ill adult patients including

patients with sepsis, severe liver disease, preexisting coagula-

tion or bleeding disorders.

All patients who enrolled in the primary clinical trial were

eligible for this secondary analysis (Fig 1). Because the pri-

mary manuscript reported no differences in markers of kidney

injury, including urinary NGAL and IL-18, both groups were

combined for this analysis. This analysis adhered to the appli-

cable Strengthening the Reporting of Observational Studies in

Epidemiology guidelines.
Measurements

Urine output was measured every six hours for the first

24 hours after surgery for assessment of AKI using KDIGO

urine output criteria (KDIGOUO). KDIGOUO was applied

separately every six hours without temporal overlap. Actual

body weight was used in the application of KDIGOUO crite-

ria. The peak serum creatinine in the first seven days after

surgery was determined for assessment of AKI using KDIGO

creatinine criteria (KDIGOCr) (Table 1).
6 Baseline serum cre-

atinine was measured during the preoperative assessment.

Hospital and ICU length of stay (measured in days) were

assessed.

Urinary concentrations of NGAL and IL-18 were measured

at one hour after surgery for this analysis. Although levels can

remain elevated for days,13 concentrations at one hour were

used because the utility of these biomarkers is their ability to

identify AKI earlier than changes in urine output or serum cre-

atinine.12 Measurements of urine NGAL (Human Lipocalin-2/

NGAL Quantikine ELISA Kit, R&D Systems, Minneapolis,

MN) and IL-18 (Human IL-18 ELISA Kit, Medical and Bio-

logical Laboratories Co, Nagoya, Japan) were performed with

research-grade assays per manufacturers’ protocols. Long-

term kidney function was assessed using the serum creatinine

concentration collected for study follow-up between six and

12 months after surgery.



Fig 1. Patient flow diagram. The primary trial reported no effect of the intervention on postoperative biomarkers of kidney injury; thus both groups were combined

for this secondary analysis. AKI, acute kidney injury; HES, hydroxyethyl starch; KDIGO, Kidney Disease: Improving Global Outcomes.
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Statistical Analysis

Patient characteristics, including demographics, medical

history, and medications, were summarized by AKI stage

assessed by KDIGOUO. Statistics were summarized in mean

(standard deviation [SD]), median [Q1, Q3], and N (%) as

appropriate.

Primary Analysis

The primary analysis assessed if peak serum creatinine lev-

els within seven days of surgery differed by postoperative AKI

stage (no AKI, stage 1, stage 2/3) defined by KDIGOUO using

an analysis of variance (ANOVA) test. The agreement of AKI

classified by urine output and AKI classified by creatinine was

shown using a confusion matrix using KDIGOCr classification

as the reference. Because only a few patients developed AKI

stages 2 and 3, the authors assessed the agreement of AKI

stage �1 (aggregating all AKI stages) classified by urine out-

put and AKI stage �1 classified by creatinine. The agreement

of AKI classified by urine output and AKI classified by creati-

nine was tested by confusion matrix and reported as Kappa

value. Kappa value measured the agreement of KDIGOUO and

KDIGOCr classifying AKI events (AKI stage �1 v no AKI), in

which higher values meant better agreement. Then, the accu-

racy, sensitivity, and specificity, with 95% confidence interval,

of KDIGOUO classification were reported by aggregating all
AKI stages. Accuracy was defined as the proportion of cases

(including positive AKI cases and negative AKI cases) cor-

rectly classified by KDIGOUO. Sensitivity was defined as the

number of AKI events classified by KDIGOUO divided by the

number of AKI events classified by the KDIGOCr convention.

Specificity was the number of true non-AKI events classified

by KDIGOUO divided by the number of non-AKI events classi-

fied by KDIGOCr.

Secondary Analysis

The association between KDIGOUO stage (no AKI, stage 1,

stages 2/3) and clinical outcomes, including the length of ICU

and hospital stay, were assessed through an ANOVA test. The

authors also assessed the association between KDIGOUO stage

(no AKI, stage 1, stages 2/3) with urine NGAL and urine IL-

18, using an ANOVA test. The creatinine level, hospital stay,

ICU length, urine NGAL, and IL-18 levels were log-trans-

formed due to skewing. A post hoc sensitivity analysis

assessed the association between AKI stage by KDIGOCr (no

AKI, stage 1, stages 2/3) and hospital and ICU lengths of stay.

Exploratory Analysis

The long-term kidney outcome defined by KDIGOCr at a

follow-up of six-to-12 months was summarized by AKI

defined by KDIGOUO after surgery.



Table 1

Staging of AKI by KDIGO Criteria6

Stage Serum Creatinine Urine Output

1 1.5-1.9 times baseline, which is known or

presumed to have occurred within the prior

7 d

OR

�0.3 mg/dL (�26.5 mmol/L) increase

within 48 h

<0.5 mL/kg/h for

6-12 h

2 2.0-2.9 times baseline <0.5 mL/kg/h for

�12 h
3 3.0 times baseline

OR

Increase in serum creatinine to �4.0 mg/dL

(�353.6 mmol/L)

OR

Initiation of renal replacement therapy

OR, in patients <18 y, decrease in eGFR to

<35 mL/min per 1.73 m2

<0.3 mL/kg/h for

�24 h
OR

Anuria for �12 h

Abbreviations: AKI, acute kidney injury; eGFR, Estimated Glomerular

Filtration Rate; KDIGO, Kidney Disease: Improving Global Outcomes.

Table 2

Baseline Characteristics by AKI defined by KDIGO Urine Output.

Total (N = 141) No AKI

(N = 46)

AKI stage ≥ 1

(N = 95)

ASDa

Age (years) 72 ± 9 70 ± 9 0.25

Female (%) 15 (33) 35 (37) 0.10

Race (%) 0.30

White 40 (93) 90 (97)

Black 2 (4.7) 2 (2.2)

Asians 1 (2.3) 0 (0)

Other 0 (0)3 1 (1.1)2

BMI (kg/m2) 27 ± 5 31 ± 5 0.74

Preoperative creatinine 0.97 ± 0.2 0.99 ± 0.2 0.09

ASA Status (%) 0.08

- 3 3 (6) 8 (8)

- 4 43 (94) 87 (92)

LVEF% 59 ± 9 59 ± 9 0.01

Medical history

Diabetes (%) 0.46

-None 39 (85) 64 (67)

-Type I 0 (0) 3 (3)

-Type II 7 (15) 28 (30)

COPD (%) 8 (17) 19 (20) 0.07

Hypertension (%) 31 (67) 76 (80) 0.28

Heart failure (%) 5 (11) 6 (6) 0.16

Carotid artery disease (%) 5 (11) 8 (8) 0.08

Stroke (%) 3 (7) 7 (7) 0.04

Myocardial infarction (%) 4 (9) 4 (4)1 0.18

Previous cardiac surgery (%) 10 (22) 17 (18) 0.09

Medication

ACE inhibitor (%) 17 (37) 27 (28) 0.18

Angiotensin Receptor Blocker (%) 7 (15) 24 (25) 0.26

Beta blocker (%) 19 (41) 52 (55) 0.28

Calcium channel blocker (%) 11 (24) 22 (23) 0.02

Diuretic (%) 12 (26) 34 (36) 0.22

Nitroglycerin (%) 8 (17) 6 (6) 0.34

Steroids (%) 2 (4) 5 (5) 0.04

Statins (%) 24 (52) 58 (61) 0.19

Non-statin lipid lowering agent (%) 4 (8.7) 4 (4.3)1 0.18

Anti-Diabetic Drugs (%) 6 (13) 27 (28) 0.39

Antiplatelet agents (%) 4 (8.7) 3 (3.2) 0.23

Factor Xa inhibitors (%) 4 (8.7) 4 (4.2) 0.18

Warfarin (%) 3 (6.5) 7 (7.4) 0.04

Aspirin (%) 31 (67) 55 (58) 0.18

Aspirin stopped before surgery (%) 20 (65)15 36 (65)40 0.02

Surgery types (%) 0.19

Aortic valve +CABG 10 (22) 18 (19)

Aortic valve +CABG + other 4 (9) 10 (10)

Aortic valve +Other 12 (26) 19 (20)

Aortic valve only 20 (43) 48 (51)

Surgical incision, not mutually

exclusive (%)

-Sternotomy 30 (65) 63 (66) 0.04

-Thoracotomy 7 (16)1 24 (25) 0.22

-Hemisternotomy 9 (20) 9 (9.5)1 0.30

Cardioplegia technique (%) 0.04

- Buckberg 23 (51)1 46 (48)

- Del nido 22 (49) 49 (52)

-Microplegia 0 (0) 0 (0)

Estimated blood loss (ml) 250 [0, 250] 250 [0, 250] 0.19

Transfusion 9 (20) 26 (27) 0.19

-RBC 5 (11) 18 (19) 0.23

-Platelets 5 (11) 15 (16) 0.15

-Fresh frozen plasma 5 (11) 8 (8) 0.08

-Cryoprecipitate 2 (4) 5 (5) 0.04

(continued)
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The significance level was 0.05 for the primary analysis and

0.013 (ie, 0.05/4, Bonferroni correction) for the secondary

analyses after adjusting for multiple testing.

Power Estimation

Power was estimated based on the primary analysis, assum-

ing that the creatinine levels followed a log normal distribu-

tion, with mean (SD) of 0.07 (0.4). The creatinine levels in

stage 1 and stages 2/3 group defined by KDIGOUO were

assumed to be 1.5 and 2.0 times higher to be clinically signifi-

cant. With 141 patients in total and assuming 80% of patients

had no risk, 15% had risk, and 5% had injury/failure, the anal-

ysis had 95% power to detect an overall significant difference

using an ANOVA test.

Results

Patient Characteristics

A total of 141 patients fulfilled eligibility criteria and were

included in the analysis. The average body mass index, per-

centage of patients with diabetes, and use of oral hypoglyce-

mic medications or insulin were significantly higher among

patients with AKI criteria by KDIGOUO. The remaining

patient characteristics and perioperative variables were similar

between patients with and without AKI by KDIGOUO

(Table 2). Median [Q1,Q3] peak creatinine occurred 3.3 [2.2,

5.4] days after surgery.

Primary Analysis

In 141 patients, KDIGOUO classified more than four times

as many patients with AKI stage �1 compared with KDIGOCr

(95 [67%] patients with AKI stage �1 by KDIGOUO v 21



Table 2 (continued )

Total (N = 141) No AKI

(N = 46)

AKI stage ≥ 1

(N = 95)

ASDa

Duration of aortic cross-clamp, min 55 [46, 81]1 65 [47, 95] 0.29

Cardiopulmonary bypass time, min 79 [56, 104] 79 [63, 113] 0.21

STS score-renal failureb 3.1 ± 2.217 3.2 ± 2.026 0.008

Crystalloid (L) 2.7 [2.1, 3.2] 2.7 [2.0, 3.4] 0.11

Summary statistics were presented as mean ± SD or median [Q1, Q3] for
continuous variables and N (%) for categorical variables. Superscripts

represented the number of missing values at each group.
a Absolute standardized difference (ASD), defined as the absolute difference

in means, mean ranks, or proportions divided by the pooled standard devia-

tion. ASD > 0.35 were considered imbalanced.
b The raw STS score for risk of renal failure was multiplied by 100 for reporting

since the original scale was too small.

Abbreviations: KDIGO=Kidney Disease: Improving Global Outcomes;

AKI = acute kidney injury; BMI = body mass index; ASA =American Society

of Anesthesiologists; LVEF = left ventricular ejection fraction;

COPD = chronic obstructive pulmonary disease; ACE= angiotensin converting
enzyme; CABG = coronary artery bypass grafting; RBC = red blood cell;

STS =The Society of Thoracic Surgeons.

Table 3

Confusion Matrix of KDIGO Stages Classified by Post-operative Urine Output

and Creatinine Levels

AKI by KDIGOcr

No AKI Stage 1 Stage 2/3 Total

AKI by KDIGOUO No AKI 43 1 2 46

Stage 1 68 15 1 84

Stage 2/3 9 1 1 11

Total 120 17 4 141

Abbreviations: AKI, acute kidney injury; KDIGOCr, Kidney Disease:

Improving Global Outcomes creatinine criteria; KDIGOUO, Kidney Disease:

Improving Global Outcomes urine output criteria.
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[15%] patients with AKI stage �1 by KDIGOCr). The majority

of patients with AKI stage �1 by KDIGOUO did not meet AKI

stage �1 by creatinine criteria within one week of surgery (77

of 95 [81%] had AKI stage �1 by KDIGOUO, but not with

KDIGOCr) (Table 3). KDIGOUO failed to classify kidney

injury in some patients with AKI stage �1 by KDIGOCr (three

of 21 [14%] had AKI stage �1 by KDIGOCr, but not KDI-

GOUO), though none of these patients had long-term AKI or

required renal replacement therapy within six-to-12 months

after surgery.

The overall accuracy (95% confidence interval) was 0.43

(0.35, 0.52). The sensitivity was 0.85 (0.64, 0.97) and the spec-

ificity was 0.36 (0.27, 0.45) using KDIGOUO stage �1 to

detect KDIGOCr stage �1. The agreement between the two

methods was poor (Fleiss Kappa = 0.10). The postoperative

serum creatinine levels were not significantly different across

AKI stages defined by KDIGOUO (ANOVA p = 0.90) (Fig 2).

Secondary Analysis

AKI stage defined by KDIGOUO was not associated with

ICU stay, with a median ICU stay of two days for all

stages of AKI defined by KDIGOUO, p = 0.46 (Fig 3).

Length of hospital stay, urinary NGAL, and urinary IL-18

were not significantly different across AKI stages defined

by KDIGOUO (Fig. 3 and 4).

A post hoc sensitivity analysis that examined the association

between AKI defined by KDIGOCr and ICU and hospital

length of stay found at least one group difference of ICU (p <

0.001) and hospital (p < 0.001) lengths of stay across AKI

defined by KDIGOCr. Post hoc Tukey comparison showed that

KDIGOCr stage 1 had longer ICU stay than no AKI, and the

hospital stays of both KDIGOCr stage 1 and KDIGOCr stages

2/3 were longer than the group with no AKI (Fig 5).
Exploratory Analysis

The majority of patients with AKI defined by KDIGOUO did

not meet KDIGOCr criteria at six-to-12 months after surgery

(27 of 29 [93%] patients with AKI by KDIGOUO after surgery

did not have elevated creatinine at postoperative six-12

months) (Fig 6).

Discussion

This investigation presented evidence to suggest poor agree-

ment between KDIGOUO and KDIGOCr in the classification of

AKI after cardiac surgery. The overall incidence of AKI was

four-fold higher when using urine output to stage AKI, yet

most patients meeting KDIGOUO criteria did not satisfy the

more commonly used diagnostic criteria based on creatinine

levels in the postoperative period. Furthermore, patients with

AKI based on KDIGOUO did not demonstrate long-term kid-

ney injury at six-to-12 months after surgery. KDIGOUO stage

was not associated with early markers of kidney injury, includ-

ing urinary concentrations of IL-18 and NGAL. Patients with

AKI diagnosed by KDIGOUO did not experience longer hospi-

tal or ICU stays after cardiac surgery to suggest more severe

illness or complicated postoperative course, in contrast to

patients with AKI diagnosed by KDIGOCr who did experience

longer hospital and ICU stays. Thus, this report provided evi-

dence to suggest that KDIGOUO may overclassify AKI in post-

operative cardiac surgical patients.

Though most patients with AKI stage �1 assessed by KDI-

GOCr also met criteria for AKI stage �1 by low urine output,

only a few patients with AKI assessed by KDIGOUO had ele-

vated creatinine. These results demonstrated the high sensitiv-

ity (0.85) but low specificity (0.36), and, thus, poor accuracy,

of KDIGOUO for identifying patients with AKI stage �1 by

KDIGOCr. These data suggested a high false positive rate,

such that many patients with AKI stage �1 by KDIGOUO did

not fulfill criteria for AKI stage �1 by KDIGOCr. In addition,

KDIGOUO failed to diagnose AKI in two patients with creati-

nine levels classified as stage 2 or 3 AKI by KDIGOCr. Cer-

tainly, cardiac surgery itself is associated with electrolyte and

fluid shifts that can alter urine output.16,19 In addition, factors

such as blood loss and hypovolemia,20 cardiopulmonary

bypass-induced renal vasoconstriction,21 and perioperative



Fig 2. Creatinine levels were not different across stage of AKI assessed by KDIGOUO criteria in postoperative cardiac surgical patients (ANOVA p value=0.90).

AKI, acute kidney injury; KDIGOUO, Kidney Disease: Improving Global Outcomes urine output criteria.

Fig 3. Patients who fulfilled KDIGOUO criteria for AKI did not demonstrate differences in (A) ICU length of stay (P=0.46) and (B) hospital length of stay

(P=0.76). AKI, acute kidney injury; ICU, intensive care unit; KDIGOUO, Kidney Disease: Improving Global Outcomes urine output criteria.
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stress-induced release of vasopressin, aldosterone, and renin22

can contribute to reduced urine output after surgery. Alterna-

tively, urine output criteria may not detect kidney injury when

hypervolemia, fluid boluses, and diuretics increase urine out-

put.23 These perioperative variables may confound urine out-

put measurements, contributing to the discrepancy between

patients identified as having AKI by urine output versus creati-

nine criteria.

As previously reported,4,7,8,24 patients with AKI identified

by KDIGOCr experienced longer hospital and ICU length of
stays. Conversely, hospital and ICU lengths of stay were not

prolonged at each KDIGOUO stage. Furthermore, KDIGOUO

was not associated with long-term kidney injury. Because prior

AKI is a risk factor for chronic kidney disease and end-stage

renal disease,25,26 these data questioned the utility of KDI-

GOUO for both short- and long-term perioperative riskstratifi-

cation.

Others also have suggested that urine output criteria over-

classify AKI after cardiac surgery.3,27 A comparison of out-

comes within each AKI stage demonstrated that patients



Fig 4. Patients who fulfilled KDIGOUO criteria for AKI did not demonstrate elevated biomarkers of kidney injury including (A) urinary NGAL (P=0.35) and (B)

urinary IL-18 (P=0.13). AKI, acute kidney injury; IL-18, interleukin-18; KDIGOUO, Kidney Disease: Improving Global Outcomes urine output criteria; NGAL,

neutrophil gelatinase-associated lipocalin.

Fig 5. Patients who fulfilled KDIGOCr criteria for AKI demonstrated differences in (A) ICU length of stay (global ANOVA P<.001) and (B) hospital length of

stay (global ANOVA P<.001). ICU stay of stage 1 was longer than no AKI. Hospital stay of stage 1 and stages 2/3 were longer than no AKI by KDIGOCr. AKI,

acute kidney injury; ICU, intensive care unit; KDIGOCr, Kidney Disease: Improving Global Outcomes creatinine criteria.
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meeting only KDIGOCr or both KDIGOCr and KDIGOUO had

worse outcomes than patients meeting KDIGOUO alone.3

Additionally, application of the outdated AKI guidelines,

Acute Kidney Injury Network, demonstrated worse outcomes

for patients with AKI by creatinine criteria compared with

those with no AKI but not for patients with AKI by urine out-

put criteria compared with no AKI.27 Although the urine out-

put criteria remain the same in the KDIGO and Acute Kidney

Injury Network guidelines, this analysis differed because it

was a comparison of outcomes across different KDIGOUO

stages rather than a binary comparison of AKI versus no AKI.

Ultimately, these studies reached similar conclusions through

different assessments, suggesting that KDIGOUO may not

appropriately risk-stratify patients after cardiac surgery.

This study further contributed to the literature by presenting

new information regarding the relationship of KDIGOUO with
early biomarkers of kidney injury. Urine NGAL and IL-18 ele-

vations are useful indicators of subclinical AKI and early tubu-

lar damage in cardiac surgery patients.17 Clinical trials often

use these biomarkers for early detection of AKI or identifica-

tion of less severe kidney injury.15,28-30 However, this investi-

gation found only a minimal and clinically insignificant rise in

the median urinary concentrations of IL-18 and NGAL with

higher KDIGOUO stage. The relationship between urine

NGAL and IL-18 concentrations and KDIGOUO further sup-

ported the suggestion that KDIGOUO may overclassify kidney

injury.

These results may not be generalizable to other patient pop-

ulations. Certainly, one study suggested that KDIGOUO pro-

vides prognostic utility in noncardiac surgery patients, in

whom KDIGOUO criteria were associated with increased mor-

tality and hospital lengths of stay.31 In ICU patients,



Fig 6. Summary of long term (six-12 months) AKI defined by KDIGOCr among patients with AKI defined by KDIGOUO after surgery. Stage of AKI assessed by

KDIGOUO after surgery is shown in the X-axis. AKI stage at six-to-12 months after surgery assessed by KDIGOCr is shown by color according to the legend. AKI,

acute kidney injury; KDIGOCr, Kidney Disease: Improving Global Outcomes creatinine criteria; KDIGOUO, Kidney Disease: Improving Global Outcomes urine

output criteria.

2998 L.J. Katabi et al. / Journal of Cardiothoracic and Vascular Anesthesia 35 (2021) 2991�3000
KDIGOUO criteria also were associated with adverse out-

comes, including longer hospital and ICU lengths of stay32

and increased mortality.32,33 Furthermore, oliguria is a risk

factor for mortality in hospitalized, non-ICU patients with

AKI defined by KDIGOCr.
34 Therefore, urine output may be a

less-reliable measure of kidney injury in postoperative cardiac

surgery patients compared with other patient populations.

Patients with AKI defined by KDIGOUO had a higher body

mass index and more commonly had diabetes compared with

patients without AKI. The association between increased body

mass index and AKI by KDIGOCr previously has been

reported35 and may be related to obesity-related increases in

glomerular filtration rate and glomerular hyperfiltration36; this

also may explain higher body mass indices in patients who had

AKI by KDIGOUO criteria. Unlike measures of serum creati-

nine, however, urine output is weight-adjusted because total

body fluid is proportional to body weight.37 The KDIGO crite-

ria do not specify the use of actual versus ideal body weight,

but studies indicated actual body weight is more sensitive,

though less specific, for identifying AKI.38,39 The use of actual

body weight may have contributed to the poor specificity of

KDIGOUO observed in this study because urine output and

body weight may not have a linear relationship; thus, obese

patients may more easily fulfill KDIGOUO criteria without

AKI.6 Diabetic patients may be more susceptible to low urine

output due to intrarenal arteriosclerosis and noninflammatory
glomerular damage.40 Because of these physiologic changes,

higher body mass index and diabetes could influence the abil-

ity of KDIGOUO to accurately identify AKI.

In accordance with the time frames dictated by KDIGO

guidelines, postoperative serum creatinine was measured for

one week, and urine output was measured for 24 hours.6 Mea-

surement of urine output for 24 hours was deemed appropriate

because urine output is most accurately measured in the ICU,

and cardiac surgical patients often are discharged from the

ICU after one day.18,41 Whereas urine output is reflective of

concurrent glomerular filtration rate, creatinine takes time to

accumulate after kidney injury;42 thus explaining the delayed

peak of serum creatinine at the third postoperative day

observed in the present study. Alternatively, reports from criti-

cally ill patients indicated that while there is a time lag

between decreased urine output and increased serum creati-

nine, the majority of patients meet both urine output and serum

creatinine criteria within 24 hours of admission.43,44 The dif-

ference in measurement time between KDIGOUO and KDI-

GOCr, however, did not affect the results of this analysis

because changing the duration of measurement to be more

similar only would increase the significant differences between

groups. For example, 67% of all patients met criteria for AKI

based on postoperative day one urine output; a longer duration

of urine output assessment (eg, seven days) could only

increase this percentage. On the other hand, postoperative
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creatinine concentrations measured over seven days identified

only 14% of the study population with AKI; a shorter time

frame would have further reduced this number. Thus, the dif-

ference in duration of measurement did not reduce the consid-

erable difference in AKI classification between urine output

and creatinine criteria.

This investigation had limitations inherent to its retrospec-

tive design, though data were captured prospectively during

the conduct of the primary clinical trial. This investigation was

limited by a small sample size and few patients with AKI

defined by KDIGOCr. Consequently, the authors were unable

to examine the ability of KDIGOUO to predict KDIGOCr as

planned; instead, KDIGOUO was compared to postoperative

creatinine concentrations. The in-hospital mortality rate of 141

patients in this study was zero and no patients required renal

replacement therapy; thus, an association of KDIGOUO with

these adverse outcomes could not be examined. Urine output

criteria were measured every six hours, instead of a rolling

six-hour block that advanced one hour at a time. Use of a roll-

ing six-hour block likely would have resulted in an even higher

estimate of AKI by KDIDOUO. Measurements of urinary

NGAL and IL-18 were not adjusted for urine volume. Addi-

tionally, the authors did not assess the 6% hydroxyethyl starch

130/0.4 versus human albumin 5% groups separately, though

both are used in cardiac surgery for volume resuscitation and

consistent with standard of care,16,45 and the authors’ previous

report did not identify any difference in kidney injury.15 Fur-

ther, measurement of urinary NGAL and IL-18 was not

adjusted for nephrotoxic agents. However, the data did not

show a significant difference in the use of ACE inhibitors or

angiotensin-receptor blockers between patients with and with-

out AKI by KDIGOUO. This analysis assessed the relationship

between KDIGOUO and urinary NGAL and IL-18 measured at

one hour after surgery; it is possible that this relationship may

have differed if urinary NGAL or IL-18 measurements were

collected at a later time. Lastly, this investigation was limited

to patients with aortic stenosis having aortic valve replace-

ment, though it is unlikely that urine output indicators of AKI

would differ in patients having coronary artery bypass grafting

or other valvular surgeries.

In summary, KDIGOUO had limited prognostic utility in this

study of cardiac surgery patients. The authors found no evi-

dence to support that AKI diagnosed by KDIGOUO was associ-

ated with other indicators of kidney injury, including elevated

serum creatinine, urine NGAL or IL-18, or increased hospital

or ICU lengths of stay. Thus, this report provided evidence to

suggest that use of KDIGOUO criteria to identify AKI after car-

diac surgery may not be reliable for risk stratification or clini-

cal decision-making. Further research is needed to determine

the usefulness of KDIGOUO in the postoperative period of car-

diac surgery, particularly among patients with AKI stages 2

and 3.
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