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Background: Worsening renal function (WRF) during acute heart failure (AHF) occurs frequently and has

been associated with adverse outcomes, though this association has been questioned. WRF is now evalu-

ated by function and injury. We evaluated whether urine neutrophil gelatinase-associated lipocalin

(uNGAL) is superior to creatinine for prediction and prognosis of WRF in patients with AHF.

Methods and Results: We performed a multicenter, international, prospective cohort of patients with AHF

requiring IV diuretics. The primary outcome was whether uNGAL predicted development of WRF, defined

as a sustained increase in creatinine of 0.5 mg/dL or �50% above first value or initiation of renal replacement

therapy, within the first 5 days. The main secondary outcome was a composite of in-hospital adverse events.

We enrolled 927 patients (mean 68.5 years of age, 62% men). The primary outcome occurred in 72 patients

(7.8%). The first, peak and the ratio of uNGAL to urine creatinine (area under curves (AUC) � 0.613) did
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not have diagnostic utility over the first creatinine (AUC 0.662). There were 235 adverse events in 144

patients. uNGAL did not predict (AUCs � 0.647) adverse clinical events better than creatinine (AUC 0.695).

Conclusions: uNGAL was not superior to creatinine for predicting WRF or adverse in-hospital outcomes

and cannot be recommended for WRF in AHF. (J Cardiac Fail 2019;25:654�665)

Key Words: Acute heart failure, worsening renal function, biomarker.
Introduction review board at each center. All participants provided written
Heart failure (HF) is a growing global health problem;

more than 26 million individuals are afflicted worldwide.1

The interplay between the heart and kidney in acute heart

failure (AHF) has important clinical implications.2 Between

20% and 40% of patients with AHF develop worsening

renal function (WRF), which has been associated with

worse outcomes.3�5 Recently, studies have challenged this

association, showing no adverse effects of WRF.6,7 Addi-

tionally, the conceptual framework of acute kidney injury

(AKI) has changed, with renal health being assessed by

functional and injury biomarkers.8 The traditional renal bio-

marker is serum creatinine, a functional biomarker. How-

ever, creatinine has a delayed rise after insult, and

elevations in AHF may not reflect tubular injury.9,10 Thus,

novel biomarkers that detect WRF earlier and are associated

with adverse outcomes are needed.11

Neutrophil gelatinase-associated lipocalin (NGAL) is a

small molecule of the lipocalin family of proteins. Found

on the brush-border of renal tubular cells, serum and urine

levels increase with acute ischemic or nephrotoxic

injury.12 Urine biomarkers may be more sensitive to

changes in renal function and hemodynamic perturbation

than serum creatinine.10,13 Urine NGAL (uNGAL) has

been shown to predict AKI in patients undergoing cardiac

surgery, presenting to the emergency department, receiv-

ing iodinated contrast, and during critical illness.14�16

We have shown that plasma NGAL (pNGAL) has limited

diagnostic utility for WRF in AHF.17 Previous studies

have conflicting results for uNGAL.18�24

The Acute Kidney Injury N-gal Evaluation of Symptom-

atic heart failure Study (AKINESIS) is an international,

multicenter, prospective cohort study enrolling patients pre-

senting with AHF. Previously, we evaluated pNGAL for

diagnosing WRF and the need for renal replacement ther-

apy (RRT) in patients with AHF who were being treated

with diuretics, and we tested the prognostic ability related

to in-hospital outcomes. In this analysis, uNGAL is evalu-

ated for in-hospital outcomes.
Materials and Methods

Study Design

The design and background of AKINESIS have been

described.17 Briefly, AKINESIS was an international, multi-

center prospective cohort study enrolling patients hospitalized

with AHF and who were intended to be treated with diuretics.

The study was jointly sponsored by Abbott Laboratories and

Alere. The principal investigators and sponsors designed and

oversaw the trial. The study was approved by the institutional
informed consent. Data were collated at a core data-manage-

ment facility. The principal investigators had full access to

the database and independently performed statistical analysis.

Clinical trial registration: https://clinicaltrials.gov/ct2/show/

NCT01291836?term=AKINESIS&rank=1 (NCT01291836).
Participants

Patients � 18 years of age presenting to the emergency

department or hospital with AHF were screened for inclu-

sion. Patients had to have 1 or more signs or symptoms of

HF and to have been treated or with plan to treat with IV

diuretics. Patients were excluded if 1) their symptoms were

caused by acute coronary syndrome; 2) they were on dialy-

sis or dialysis was planned during the current hospitaliza-

tion; 3) they had had a major organ transplant; 4) they had

participated in a drug-treatment study within the past

30 days or had already been enrolled in this study; or 5)

they were pregnant or were part of a vulnerable population.
Data Collection

Demographics, vital signs, HF signs and symptoms, med-

ications, and past medical histories were collected. At the

discretion of the treating physicians, laboratory samples for

white blood cell count, hemoglobin, hematocrit, sodium,

potassium, blood urea nitrogen (BUN), creatinine, alanine

aminotransferase, aspartate aminotransferase, troponin, and

natriuretic peptides were collected on admission and dis-

charge. They were analyzed in the respective treating facili-

ties’ clinical laboratories. Creatinine values were recorded

for at least the first 7 days of hospitalization. In-hospital

adverse outcomes were recorded.
NGAL Assessment

Specimens for NGAL assessment were collected at 6 time

points of hospitalization during the collection period: day of

enrollment within 2 hours of first IV diuretic dose; 2 to 6 hours

later; hospital days 1, 2 and 3; and day of discharge or antici-

pated discharge. Compliance with collection was good,

except for discharge, with 89%, 84%, 88%, 94%, 93%, and

58% of samples collected at the listed times. Urine specimens

were frozen and shipped to the University College Dublin

Clinical Research Centre Core Laboratory for analysis by the

ARCHITECT platform (Abbott, Abbott Park, Illinois, United

States). This assay has a coefficient of variance of <10%,

and in the study, the intra-assay coefficient of variance was

2.1%, and the inter-assay coefficient of variance was 1.0%.

https://clinicaltrials.gov/ct2/show/NCT01291836?term=AKINESIS&rank=1
https://clinicaltrials.gov/ct2/show/NCT01291836?term=AKINESIS&rank=1
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Endpoints

The primary outcome was whether uNGAL predicted WRF

or initiation of RRT within 5 days of hospitalization compared

to the first measured serum creatinine level. WRF was defined

as a sustained (2 or more consecutive days) increase in creati-

nine of�0.5 mg/dL (44.2 umol/L) or�50% of first creatinine

value. Acute RRT modalities included dialysis, ultrafiltration

and hemofiltration. The predictive ability of uNGAL for WRF

and RRT were also assessed individually.

The main secondary outcome was uNGAL’s ability to

predict adverse in-hospital outcomes. These included severe

WRF (sustained increase of �100% of first creatinine

value), initiation of RRT, death, nephrology consultation,

and admission to the intensive care unit with mechanical

ventilation, inotropic/vasopressor support or both.

A prespecified secondary analysis included if elevated

uNGAL on admission predicted a greater decrease in esti-

mated glomerular filtration rate (eGFR) at discharge in patients

with admission eGFRs of <60 mL/min/1.73 m2. Alternative

definitions of WRF analyzed included sustained increase of

creatinine �50% of first creatinine value (WRF2); nonsus-

tained increase of creatinine of 0.5 mg/dL or�50% of first cre-

atinine value (WRF3); sustained increase of creatinine of

0.3 mg/dL or �50% of first creatinine (WRF4); and nonsus-

tained increase of creatinine of 0.3 mg/dL or�50% of first cre-

atinine value (WRF5); these definitions were to occur during

the first 5 days as well as a nonsustained increase of creatinine

of 0.3 mg/dL or �50% of the first creatinine value at any time

(WRF6). WRF3 and WRF4 definitions were pre specified,

whereas WRF2, WRF5 andWRF6 were posthoc analyses.

The primary metric was peak uNGAL, and first uNGAL

and first serum creatinine values were also analyzed. Addi-

tionally, uNGAL/urine creatinine (uCr) ratio was analyzed

(units: micrograms uNGAL to grams creatinine). Ratios

evaluated include first uNGAL/uCr, peak uNGAL/uCr and

highest ratio (peak ratio) prior to the adverse outcome, as

the last may differ from peak uNGAL/uCr. Peak uNGAL

was defined as the highest value obtained at least 6 hours

prior to the event, if the time was available, or at least a day

prior to the event if only the date was available. If the event

occurred on the first day, or the only available uNGAL

value was within 6 hours of the event, that was used. If

uNGAL was available only after the event occurred, it was

not used. Peak values for an event were compared to peak

values from all samples in patients without the outcome.

The first uNGAL was the value obtained at the first collec-

tion time. The first creatinine was the first value obtained.

Statistical Analysis

Baseline characteristics are presented as means and stan-

dard deviations (SD) for normally distributed variables,

medians with interquartile ranges (IQR) for non-normalized

variables and percentages for categorical variables. If the sta-

tus of a comorbidity was unknown, it was assumed to be not

present. Characteristics of patients with and without the pri-

mary outcomes were compared using the Student t test, the
chi-square test and the Mann-Whitney U test, as appropriate.

Quartiles of the first uNGAL and its ratio were compared by

analysis of variance, chi-square test and Kruskal-Wallis test,

as appropriate, with posthoc testing performed for significant

difference with a Bonferroni correction. The distribution of

uNGAL and its ratios were skewed and, thus, were log-trans-

formed (base 10) for certain analyses.

Univariable logistic regression analysis was performed to

explore the predictive value of uNGAL and the influence of

covariates on the primary outcome. Variables with P values

<0.1 were retained for forward stepwise multivariate logistic

regression analysis, and those with P values <0.05 were

retained for a multivariate model. The log-transformed values

of peak and first uNGAL were added separately to the model,

and the C-statistic was calculated with and without uNGAL.

Receiver operating characteristic curves were generated to

determine the AUC and 95% confidence intervals for peak

uNGAL, first uNGAL, first creatinine, and the ratios for the

primary and secondary outcomes. Cutpoints for 80% sensitiv-

ity and 80% specificity were determined. The net reclassifica-

tion index (NRI) and integrated discrimination index (IDI)

were calculated for the different uNGAL values. Time-to-event

curves were made to display when the primary and combined

secondary endpoints occurred. The Spearman correlation was

used to assess whether there was a correlation between change

in eGFR in patients with eGFRs<60 at admission and the first

uNGAL values. A P value <0.05 was considered significant.

All statistical calculations were performed with SPSS v 24

(SPSS, Chicago, Illinois, United States) and R project, v 3.5 (R

foundation for statistical computing, Vienna, Austria).

Results

Patient Demographics

From January 2011 through September 2013, 930 patients

were enrolled. Three patients were excluded (1 failed inclu-

sion criteria, 1 met exclusion criteria, and 1 withdrew con-

sent), leaving 927 patients. All patients had follow-up

through hospitalization. Patients were hospitalized for a

median of 5 days. The average age was 68.5 years; 62% were

men and 67% were white (Table 1). Hypertension was com-

mon (81%); almost half had coronary artery disease (46%)

and diabetes mellitus (44%), and 26% had chronic kidney dis-

ease (CKD). The median admission creatinine level was

1.19 mg/dL with a median eGFR of 57 mL/min/1.73 m2. The

median admission B-type natriuretic peptide (BNP) and N-ter-

minal prohormone B-type natriuretic peptide values were

795 pg/dL and 3446 pg/dL, respectively. Of the patients, 70%

were taking diuretics prior to admission, 70% were taking

beta-blockers, and 63% were taking an angiotensin converting

enzyme inhibitor or an angiotensin receptor blocker.

The median values and IQRs for first uNGAL, first

uNGAL/uCr ratio, peak uNGAL, peak uNGAL ratio (ratio of

peak uNGAL/uCr prior to event), and peak ratio (highest ratio

of uNGAL/uCr prior to event) were 12.5 ng/mL (4.3�32.5

ng/mL), 26.8 mg/g (12.6�65.1 mg/g), 29.6 ng/mL

(13.9�77.9 ng/mL), 45.0 mg/g (21.0�116.0 mg/g) for, and



Table 1. Baseline Characteristics of Study Patients and Comparison of Those With and Without Primary Outcome

Total
N = 927

Primary Outcome
n = 72

No Primary Outcome
n = 855

Age (n = 921) 68.5 (54.7�82.3) 70.8 (57.1�84.4) 68.3 (54.4�82.1)
Male (n = 927) 62% 53% 63%
White (n = 921) 67% 65% 67%
Systolic blood pressure (n = 927) 140 (111�169) 146 (116�175) 139 (110�168)
Diastolic blood pressure (n = 927) 80 (61�99) 82 (60�105) 80 (61�99)
Heart rate (n = 927) 88 (65�111) 87 (68�106) 88 (65�111)
Medical history
Acute myocardial infarction (n = 927) 28% 29% 27%
Coronary artery disease (n = 927) 46% 54% 45%
Prior PCI (n = 927) 23% 26% 22%
Prior CABG (n = 927) 17% 25% 16%
Arrhythmia (n = 927) 48% 44% 48%
Hypertension (n = 927) 81% 88% 80%
Hyperlipidemia (n = 927) 52% 53% 52%
Diabetes* (n = 927) 44% 58% 42%
Cerebrovascular accident (n = 927) 14% 8% 14%
Peripheral arterial disease (n = 927) 3% 3% 3%
COPD (n = 927) 26% 24% 26%
Chronic kidney disease** (n = 927) 26% 46% 24%
Anemia (n = 927) 22% 29% 22%
Liver failure (n = 927) 3% 6% 3%
Tobacco use (n = 927) 17% 13% 17%
Cancer (n = 927) 14% 14% 14%
Prior medications
b-blockers (n = 927) 70% 74% 70%
ACE inhibitors (n = 927) 44% 39% 44%
Angiotensin receptor blockers (n = 927) 19% 26% 18%
Diuretics (n = 927) 71% 68% 71%
Antiarrhythmics (n = 927) 15% 18% 15%
Digoxin (n = 927) 11% 7% 11%
Labs
Sodium (mg/dL) (n = 921) 139 (136�141) 139 (136�142) 139 (136�141)
Creatinine (mg/dL)** (n = 927) 1.19 (0.94�1.6) 1.60 (1.02�2.46) 1.17 (0.93�1.55)
eGFR** (n = 927) 57 (40�78) 38 (25�66) 58 (42�79)
Hemoglobin (g/dL)** (n = 924) 11.8 (10.1�13.2) 10.4 (8.7�12.4) 11.9 (10.3�13.3)
First uNGAL (ng/mL)* (n = 826) 12.5 (4.3�32.5) 22.5 (7.9�55.5) 11.9 (4.2�31.1)
First uNGAL/uCr (ug/g)* (n = 826) 26.8 (12.6�65.1) 48.5 (16.3�133.7) 25.1 (12.2�61.6)
Peak uNGAL (ng/mL) (n = 907) 29.6 (13.9�77.9) 27.3 (12.9�98.3) 29.7 (13.9�76.4)
Peak uNGAL/uCr (ug/g) (n = 907) 45 (21�116) 42.2 (22.6�125.4) 45 (21�115.8)
Peak ratio (ug/g) (n = 907) 45.5 (21.8�116) 54 (28.4�138.3) 45 (21�115.8)
BUN (mg/dL)** (n = 918) 24 (17�36) 34 (21�61) 23 (16�35)
BNP (ng/L) (n = 529) 795 (337�1486) 810 (501�1915) 793 (328�1479)
NT-proBNP (ng/L) (n = 316) 3446 (1552�7376) 4814 (2389�7567) 3221 (1507�7360)
Troponin T (ng/mL)* (n = 343) 0.029 (0.015�0.056) 0.045 (0.024�0.080) 0.027 (0.014�0.051)
Troponin I (ng/mL) (n = 479) 0.04 (0.02�0.07) 0.04 (0.025�0.115) 0.04 (0.02�0.066)

BNP, B-type natriuretic peptide; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular fil-
tration rate; NTproBNP, N-terminal prohormone B-type natriuretic peptide; PCI, percutaneous intervention; uNGAL, urine neutrophil gelatinase associated
lipocalin; uNGAL/uCr, urine neutrophil gelatinase associated lipocalin/urine creatinine.

*P value <0.05.
**P value <0.005.
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45.5 mg/g (21.8�116 mg/g), respectively. The distribution of

characteristics by quartiles of first uNGAL and its ratio are

displayed in Supplementary Table 1 and Supplementary

Table 2. Significant differences in patient characteristics

between quartiles of first uNGAL included gender, history of

myocardial infarction, percutaneous coronary intervention,

CKD, systolic blood pressure at admission, heart rate at

admission, creatinine at admission, eGFR at admission,

hemoglobin at admission, BUN at admission and BNP at

admission (Supplementary Table 1A and 1B). Significant dif-

ferences in outcomes between quartiles of first uNGAL

included RRT at 5 days, the composite secondary outcome,

nephrology consults, inotropic support, and RRT at 30 days.

Significant differences in patient characteristics between
quartiles of first uNGAL/uCr ratio included age, gender, his-

tory of arrhythmia, CKD, anemia, beta-blocker use, admis-

sion creatinine, admission eGFR, admission hemoglobin, and

admission BUN (Supplementary Table 2A and 2B). Signifi-

cant differences in outcomes between quartiles of first

uNGAL/uCr ratio included RRT at 5 days, the composite sec-

ondary outcome, nephrology consults, and RRT at 30 days.
Primary Outcome

Of the patients, 72 (7.8%) experienced the primary out-

come (Figure 1A), with 66 (7.1%) having WRF and 11

(1.2%) requiring RRT. Patients with and without the pri-

mary outcome were similar, except that there was a



Fig. 1. uNGAL values for primary outcome. A: Time to event
curve for the occurrence of the primary outcome. B: Log peak and
first uNGAL values in those with and without the primary out-
come. C: Ratio uNGAL values in those with and without the pri-
mary outcome. * p < 0.05; uNGAL = urine neutrophil gelatinase-
associated lipocalin.
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significantly higher prevalence of diabetes and CKD, higher

admission creatinine and BUN levels and lower eGFR and

hemoglobin levels in patients with the primary outcome

(Table 1). Troponin T was significantly higher in patients

with the primary outcome, but troponin I was not.

Peak uNGAL was available for 907 patients, and first

uNGAL was available for 826 patients. Peak values occurred

an average of 1.5 days (SD 1.1 days) and peak ratios an aver-

age of 1.7 days (SD 1.2 days) prior to the primary outcome.

Only first uNGAL and its ratio were significantly different

between patients with and without events (Figure 1, B and C).

The means for creatinine, log uNGAL and log uNGAL/

uCr on each day for patients with and without the primary

outcome are shown in Figure 2. Patients with and without

the primary outcome showed a trend of increasing uNGAL
values with each subsequent hospital day, while only those

with the primary outcome had higher uNGAL/uCr values

with each subsequent hospital day after hospital day 1. The

mean for log uNGAL in those with the primary outcome was

significantly higher on days 0 and 3 compared to those with-

out the primary outcome. The mean for log uNGAL/uCr was

significantly higher on all days in patients with the primary

outcome. Additionally, we examined the percent change of

log uNGAL and log uNGAL/uCr for hospital days 1 through

3 compared to the admission value in those with and without

the primary outcome (Supplementary Figure 1). Log uNGAL

values increased by a greater percent in those without the pri-

mary outcome than in those with the primary outcome ini-

tially but showed a similar percentage of increase at hospital

day 3. Log uNGAL/uCr values did not change markedly in

those without the primary outcome, while they initially

declined before increasing to 10% increase on hospital day 3

in those with the primary outcome.

There were 71 peak values with and 836 peak values

without the primary outcome. The AUC, 80% sensitivities

and 80% specificities for peak uNGAL, peak uNGAL ratio

(ratio of peak uNGAL/uCr prior to event), peak ratio (high-

est ratio of uNGAL/uCr prior to event), and creatinine are

displayed in Figure 3A and Table 2A. None of the peak val-

ues had predictive AUCs, whereas creatinine was predic-

tive, with a fair AUC of 0.66.

There were 65 first values with and 761 first values with-

out the primary outcome. The AUC, 80% sensitivities and

80% specificities for first uNGAL, first uNGAL ratio and

creatinine are displayed in Figure 3B and Table 2A. The

first values and creatinine were prognostic for the primary

outcome; however, AUCs ranged only from 0.61 to 0.65.

Only peak uNGAL ratio improved the NRI, but none of the

uNGAL values improved the IDI (Supplementary Table 3).

Variables significant in univariable analysis included gen-

der, prior coronary artery bypass grafting, presence of CKD,

presence of diabetes mellitus, use of an angiotensin receptor

blocker prior to admission, eGFR, admission hemoglobin,

BUN, and systolic blood pressure. After forward stepwise

multivariate analysis, only systolic blood pressure, hemoglo-

bin, BUN, and CKD retained significance (Supplementary

Table 4A). Since only first uNGAL and its ratio were signifi-

cant in ROC analysis, these were entered into the model.

Neither first uNGAL (P=0.052) nor its ratio (P=0.195) was

significant in the model (Supplementary Table 4B).

For the individual outcomes of WRF and RRT, the AUCs

for peak uNGAL, peak uNGAL ratio, peak ratio, first

uNGAL, and first uNGAL ratio are displayed in Table 3.

For WRF, only first uNGAL and its ratio had a significant

AUC, but it was lower than that of creatinine. For RRT, all

measurements had significant AUCs, but they were lower

than those of creatinine.
Secondary Outcomes

A total of 235 adverse outcomes occurred in 144 patients

(Figure 4A). When patients experienced multiple adverse



Fig. 2. Mean values of creatinine and uNGAL in patients with and without primary outcome. Daily means of log uNGAL (A) and uNGAL/
uCr (B) with mean creatinine in patients with and without the primary outcome. uNGAL = urine neutrophil gelatinase-associated lipocalin;
uCr = urine creatinine.
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outcomes that were part of the composite secondary out-

come, the earliest adverse outcome was used to determine

the peak uNGAL value. Medians and IQRs for patients with

and without the composite secondary outcomes for peak, first

and ratios of uNGAL are shown in Table 4. uNGAL values

were significantly higher in patients with and without an

event, except for peak uNGAL ratio. Individual adverse out-

comes were nephrology consultation (n = 59), inotropic sup-

port (n = 51), ventilator support (n = 43), death (n = 29),

RRT (n = 18), severe WRF (n = 18), and combined ventila-

tor/inotropic support (n = 17).

There were 143 peak values with and 764 peak values

without the secondary composite outcome. The AUC, 80%

sensitivities and 80% specificities for peak uNGAL, peak

uNGAL, peak ratio, and creatinine are displayed in

Figure 4B and Table 2B. Only peak ratio was predictive of
the secondary outcome but showed a poor AUC of 0.58.

Creatinine was predictive, with a good AUC of 0.70.

There were 126 first values with and 700 first values

without the secondary composite outcome. The AUC,

80% sensitivities and 80% specificities for first uNGAL,

first uNGAL ratio and creatinine are displayed in

Figure 4C and Table 2B. First uNGAL and its ratio had

fair AUCs of 0.65 and 0.61, respectively. Creatinine also

had a fair and numerically higher AUC (0.69). None of the

uNGAL values improved the NRI or IDI (Supplementary

Table 3).

For alternative definitions of WRF, there were 38 (4.1%),

112 (12.1%), 128 (13.8%), 222 (23.9%), and 284 (30.6%)

events for WRF2, WRF3, WRF4, WRF5, and WRF6, respec-

tively. The AUC for first uNGAL and its ratio performed the

best among all uNGAL measurements, but no AUC was



Fig. 3. ROC curves for the primary outcome. ROC curves for primary outcome (A) with peak uNGAL and first uNGAL (B). AUCs with
95% confidence intervals (CI) are below. uNGAL = urine neutrophil gelatinase-associated lipocalin; uCr = urine creatinine

Table 2A. AUCs, 95% CIs, 80% Sensitivity, and 80% Specificity Values for the Primary Outcome

AUC 95% CI P value 80% Sensitivity 80% Specificity

Peak uNGAL (ng/mL) 0.51 0.43�0.58 0.58 9.8 101.1
Peak uNGAL ratio (ug/g) 0.51 0.44�0.58 0.52 21.3 150.0
Peak ratio (ug/g) 0.55 0.49�0.62 0.07 26.2 150.0
Creatinine (peaks) 0.66 0.59�0.74 <0.01
First uNGAL (ng/mL) 0.61 0.54�0.69 <0.01 5.8 39.0
First uNGAL ratio (ug/g) 0.61 0.53�0.68 <0.01 14.5 79.8
Creatinine (first) 0.65 0.57�0.73 <0.01

Table 2B. AUCs, 95% CIs, 80% Sensitivity, and 80% Specificity Values for the Secondary Composite Outcome

AUC 95% CI P value 80% Sensitivity 80% Specificity

Peak uNGAL (ng/mL) 0.56 0.51�0.62 0.02 12.8 88.3
Peak uNGAL ratio (ug/g) 0.54 0.49�0.60 0.11 18.5 132.0
Peak ratio (ug/g) 0.58 0.52�0.63 <0.01 20.5 132.0
Creatinine (peaks) 0.70 0.64�0.75 <0.01
First uNGAL (ng/mL) 0.65 0.59�0.70 <0.01 6.0 36.2
First uNGAL ratio (ug/g) 0.61 0.55�0.66 <0.01 14.5 76.3
Creatinine (first) 0.69 0.63�0.74 <0.01

AUC, area under the curve; CI, confidence interval; uNGAL, urine neutrophil gelatinase associated lipocalin.
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better than 0.6, and none was higher than that of creatinine

(Table 5). Only peak uNGAL ratio improved the NRI and

IDI for WRF3 definition as well as the IDI for WRF5 and

WRF6 definitions, while no other uNGAL value improved

the NRI or IDI for the differing definitions of WRF (Supple-

mentary Table 3). A Spearman correlation showed that nei-

ther first uNGAL (P = 0.495) nor the first uNGAL/uCr ratio
(P = 0.105) correlated with change in eGFR in patients with

eGFR levels<60 mL/min/1.73 m2 at admission.
Discussion

We showed that neither uNGAL nor its ratio to uCr pre-

dicted WRF and/or the need for RRT in patients with AHF



Table 3. AUCs and 95% CIs for Worsening Renal Function and Renal Replacement Therapy

Worsening Renal Function
n = 66

Renal Replacement Therapy
n =11

AUC 95% CI P value AUC 95% CI P value

Peak uNGAL 0.49 0.41�0.57 0.82 0.75 0.62�0.88 0.02
Peak uNGAL ratio 0.50 0.43�0.57 0.97 0.73 0.58�0.89 0.02
Peak ratio 0.54 0.47�0.61 0.28 0.77 0.65�0.89 0.01
First uNGAL 0.59 0.52�0.67 0.02 0.8 0.67�0.92 <0.01
First uNGAL ratio 0.60 0.52�0.67 0.02 0.76 0.61�0.90 <0.01
Creatinine 0.64 0.56�0.72 <0.01 0.88 0.76�1.0 <0.01

AUC, area under the curve; CI, confidence interval; uNGAL, urine neutrophil gelatinase associated lipocalin.

Fig. 4. Outcomes for in-hospital adverse events A: Time to event curve for the occurrence of the secondary outcome. B: ROC curves for
composite secondary outcome with peak uNGAL. C: ROC curves for composite secondary outcome with first uNGAL. AUCs with 95%
confidence intervals (CI) are below. AUC = area under curve; CI = Confidence Interval; uNGAL = urine neutrophil gelatinase-associated lip-
ocalin.
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Table 4. Medians and IQRs for Patients With and Without the Composite Secondary Outcome

Without Event
n = 783

With Event
n = 144

Median IQR Median IQR P value

Peak uNGAL (ng/mL) 27.6 13.2�69.7 36.0 15.4�115.5 0.017
Peak uNGAL ratio (ug/g) 42.0 20.3�102.0 47.1 22.0�162.0 0.116
Peak ratio (ug/g) 42.0 20.3�102.0 61.0 27.9�177.3 0.005
First uNGAL (ng/mL) 10.9 4.0�27.6 24.4 8.2�64.1 <0.001
First uNGAL ratio (ug/g) 24.3 11.8�58.3 44.7 15.5�117.0 <0.001

IQR, interquartile range; uNGAL, urine neutrophil gelatinase associated lipocalin.
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receiving diuretics better than did serum creatinine level at

admission. uNGAL did not predict adverse events during

hospitalization better than serum creatinine. Analyses of

uNGAL with differing definitions of WRF or deterioration in

eGFR did not have favorable results. These findings apply

only to in-hospital events and may not reflect the potential

utility of uNGAL for post discharge or long-term outcomes.

Increased morbidity and mortality due to WRF during AHF

have been described.3,5 The pathophysiologic mechanisms

between the heart and kidney are not fully understood and are

an active area of research.2 Since the inception of AKINESIS,

the conceptual framework of WRF in AHF has evolved. In

2013, a new definition of AKI incorporated novel tubular

injury biomarkers.8,5 Creatinine, the traditional biomarker for

diagnosing AKI, reflects predominantly glomerular filtration.25

Its shortcomings include missing tubular injury without change

in filtration (called subclinical AKI); it rises from hemody-

namic changes in filtration without injury and delayed rise dur-

ing injury.26 Novel tubular injury biomarkers such as NGAL

could fill these gaps.26

Studies have found uNGAL to predict WRF and adverse

outcomes, whereas other studies have not.19�23 Nakada et

al found uNGAL/uCr above the median of 32.5 mg/g pre-

dicted WRF and increased mortality, cardiovascular death,

and HF readmission; however, they measured uNGAL over

24 hours from admission.19 Collins et al found admission

uNGAL predicted development of WRF in univariate but

not multivariate analysis.20 Other studies found either a

weak association or no association with WRF.21,23 Ahmad

et al showed no association between urine tubular injury

biomarkers (including uNGAL) and WRF and, paradoxi-

cally, improved outcomes with elevations in biomarkers.24

They noted a lack of marked tubular injury in cases of

WRF. Of these, AKINESIS has the largest cohort and found

no association between uNGAL and WRF. Thus, unlike

other scenarios, uNGAL is not useful for diagnosing AKI/

WRF during hospitalizations for AHF. This highlights the

importance of testing novel biomarkers specifically in

AHF. Our analysis, though, cannot conclude that uNGAL is

not useful for long-term prognosis because prior studies,

such as that of Nakada et al, have found its utility for long-

term prognosis.

These studies and AKINESIS evaluated uNGAL’s ability

(an injury biomarker) to predict changes in creatinine or

eGFR (functional biomarkers); however, this might be the
wrong measure for assessing tubular injury. Other meas-

ures, such as diuretic efficiency, natriuresis or acid-base

balance, may better track the pathophysiologic processes of

tubular dysfunction. A rise in NGAL without functional

change has been shown to portend adverse outcomes.15,27

Yet uNGAL did not predict in-hospital adverse outcomes

better than creatinine in AKINESIS, probably because AHF

lacks marked renal injury. Values for uNGAL and its ratio

were higher in those with events, but not greatly higher.

The median first uNGAL was less than the 95th percentile

found in healthy subjects, while its ratio to uCr was more

than double the 95th percentile.28 Peak values did not differ

between those with and without events. Values of uNGAL

in AKINESIS are similar to those found in other studies

(Supplementary Table 5). Additionally, patients without

events showed increases in uNGAL values during treat-

ment, similar to the findings of Ahmad et al, while those

with events did not show much change in uNGAL values

from admission to peak.24 This supports the conclusion that

most patients with AHF do not experience significant tubu-

lar injury during treatment for AHF, and most creatinine

changes are hemodynamic in nature. However, the findings

of this analysis are limited to in-hospital events, and the

evaluation of post hospital outcomes may show that kidney

injury is more prevalent and has long-term implications for

patients’ prognoses.

Recent studies have shown that not all episodes of WRF

in AHF are created equal, and the context of WRF often

determines its significance.6,7 WRF with effective decon-

gestion, reflected by decreasing natriuretic peptide, has neu-

tral or positive outcomes.6,29 This has been called pseudo-

WRF (acute worsening of creatinine with no long-term

functional change). Alternatively, WRF with ineffective

diuresis and decongestion is identified as true-WRF and is

linked to poor outcomes.4 Thus, combined analysis of

decongestion and serum creatinine may improve evaluation

of WRF. There may be a role for tubular injury biomarkers

with renal and cardiac functional biomarkers (such as BNP)

to discriminate true- vs pseudo-WRF.30

With these considerations and other untested, novel tubu-

lar injury biomarkers, further research is needed. Studies

have found tubular injury biomarkers are prognostic when

assessing the trend at the time of injury or in the context of

“clinically significant WRF,” which fits the current under-

standing of WRF in AHF but needs validation by larger
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studies.20,30,31 However, our findings and those of others

should temper excitement about novel tubular injury bio-

markers in AHF.
Limitations

AKINESIS was designed prior to the paradigm shifts

discussed, and the pre specified analysis may not reflect

current concepts of WRF in AHF. Different definitions of

WRF and outcomes could have been used; however, anal-

ysis using alternative WRF definitions did not improve

uNGAL’s diagnostic utility. The WRF definition used

tried to capture renal function changes that would be asso-

ciated with injury. Subjects had higher values of uNGAL

but, in fitting with current research, they were not

markedly elevated or predictive of worse outcomes.

Although in-hospital outcomes were closely monitored,

events were not centrally adjudicated. This study lacks

post hospital and long-term outcomes for which uNGAL

may be clinically useful.

Additionally, often more than 10% of samples were miss-

ing at collection times, especially at admission, which could

potentially exclude important outcomes or bias the results

of this study. Samples were collected after diuretic therapy

had been administered so as to avoid delaying treatment,

but this may have influenced NGAL levels. Ratios to uCr

were used to correct for this possibility, but that may not

have been sufficient. Samples were collected only early

during the hospitalizations, as the intent was to assess

development of early WRF, but this may have limited prog-

nostic ability for in-hospital outcomes. The first measured

creatinine levels were used as the baseline for assessment

of WRF, but that may not reflect patients’ true baseline cre-

atinine levels. Patients may have been experiencing WRF

on admission.

Conclusions

In conclusion, uNGAL is not useful for detection of WRF

or need for RRT in patients admitted with AHF who are

treated with diuretics. uNGAL does not predict adverse in-

hospital outcomes better than creatinine.
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