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Urine Biomarkers Neutrophil Gelatinase-Associated Lipocalin 
(NGAL) and Kidney Injury Molecule-1 (KIM-1) have Different 
Patterns in Heart Failure Exacerbation

Meyeon Park1, Eric Vittinghoff1, Kathleen D. Liu1, Michael G. Shlipak1,2 and Chi-yuan Hsu1

1University of California, San Francisco. 2San Francisco Veterans Affairs Medical Center.
Corresponding author email: meyeon.park@ucsf.edu

Abstract: Individuals with acute heart failure exacerbation often experience a deterioration in renal function. We sought to determine 
whether this deterioration is ischemic in nature and detectable by sensitive urine biomarkers neutrophil gelatinase-associated lipocalin 
(NGAL) and kidney injury molecule-1 (KIM-1). We measured serial biomarker levels and evaluated the associations of these biomark-
ers with renal recovery in a cohort of hospitalized patients with acute heart failure exacerbation.
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Patients with acute heart failure (HF) exacerbation 
commonly experience a deterioration of renal func-
tion, manifested clinically as a rise in serum crea-
tinine (SCr). This is often attributed to “pre-renal” 
physiology and is thought to be reversible. Whether 
this rise in SCr represents true kidney tubular injury 
is uncertain. Urine neutrophil gelatinase-associated 
lipocalin (NGAL) has been reported to be able to 
distinguish pre-renal azotemia from intrinsic kid-
ney injury in hospitalized patients with established 
acute kidney injury (AKI).1 Kidney injury mole-
cule-1 (KIM-1) is elevated in pre-renal azotemia to a 
lesser extent than in more severe AKI (lasting more 
than 48 hours).2 Assessment of daily urine NGAL in 
patients with acute HF did not indicate significant 
tubular injury despite aggressive diuresis and clini-
cal AKI in some.3 We evaluated the patterns of daily 
measurements of urine NGAL and KIM-1 in hospi-
talized individuals with HF exacerbation undergo-
ing routine clinical care. We sought to determine 
whether elevations of these markers are associated 

with likelihood of recovery of kidney function in this 
population.

We recruited consecutive patients admitted for 
HF exacerbation from March 2–May 31, 2011 at one 
medical center, regardless of renal function. Our insti-
tution’s committee on human research gave approval 
for this study, and all participants gave informed 
consent. HF exacerbation was defined by clinical pre-
sentation as assessed by the admitting providers, and 
management of the patients including diuretic admin-
istration and other treatments was guided by the med-
ical judgment of the hospital team. We collected daily 
urine samples (for 5 days) and measured urine NGAL 
(AntibodyShop) and KIM-1 (R&D Systems). Due 
to limited resources, the timing of urine collection 
relative to diuretic administration could not be stan-
dardized. AKI was defined by AKIN criteria.4 The 
primary outcome was recovery from AKI, defined 
as return to within 10% of the original SCr. Since it 
has been observed that the rise in SCr in individu-
als with HF often occurs due to decompensation of 
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Figure 1. (A) Box plots of day 1 biomarker levels by status of AKI during hospitalization. (B) Box plots of day 1 biomarker levels by status of creatinine at 
day of admission.
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Table 1. Mean (SE) level biomarker by absence v. presence 
of rise in creatinine during hospitalization and at admission.

No AKI (N = 33) AKI (N = 20) P value

NGAL/cr 79.8 (26.3) 91.0 (41.6) 0.41
NGAL 43.4 (15.2) 30.0 (8.4) 0.74
KIM-1/cr 1.61 (0.13) 1.41 (0.21) 0.26
KIM-1 0.82 (0.18) 0.90 (0.17) 0.39

At baseline (N = 44) ABL (N = 9) P value

NGAL/cr 76.2 (23.7) 120.6 (64.1) 0.23
NGAL 36.7 (10.7) 66.3 (27.9) 0.11
KIM-1/cr 1.34 (0.17) 1.33 (0.25) 0.51
KIM-1 0.76 (0.13) 1.27 (0.45) 0.07

Notes: Units for NGAL and KIM-1 are ng/mL. Units for NGAL/cr and 
KIM-1/cr are ng/mg.
Abbreviations: AKI, acute kidney injury experienced during hospitalization; 
ABL, above baseline creatinine at admission.
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Figure 2. Levels of urine biomarkers and serum creatinine by status of AKI during hospitalization, by hospital day.
Note: Error bars represent 95% confidence intervals.

heart function and associated kidney dysfunction 
before the patient feels poorly enough to seek medi-
cal attention, we also assessed recovery in patients 
whose SCr rise had occurred prior to admission, ie, 
those admitted above baseline creatinine (ABL). We 
defined baseline creatinine as the most recent to the 

index hospitalization (excluding values within 7 days 
or older than 1 year).5

53 eligible patients were recruited. Mean age was 65; 
30 were men; mean baseline creatinine was 1.2 mg/dL. 
20 experienced AKI (9 recovered), 9 patients pre-
sented ABL (6 recovered), and 24 had no change in 
renal function. Mean NGAL and KIM-1 were simi-
lar in those without and with AKI (Fig. 1A) or who 
presented at or above baseline (Fig.  1B) (Table  1). 
In pooled logistic regression models, NGAL and 
KIM-1 were not associated with recovery from rise 
in SCr (odds ratio per standard deviation biomarker 
0.72 (95% CI 0.21–2.5) and 0.78 (95% CI 0.36–1.69) 
respectively). NGAL and KIM-1 were correlated with 
each other (Spearman coefficient 0.53, P  =  0.004). 
In contrast to NGAL, KIM-1 levels rose over the 
first 5  days of hospitalization in individuals with 
no AKI and stayed static in those who experienced 
AKI (Fig. 2A and B). This differed from the pattern 
of serum creatinine between groups (Fig. 2C). These 
patterns remained the same when both biomarkers 
were normalized to urine creatinine.
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In this study, levels of urine NGAL and KIM-1 
were not associated with recovery from rise in SCr 
in patients with HF exacerbation. A significant pro-
portion of patients experienced deterioration of renal 
function before presentation to medical care (ABL), 
which may be attributable to venous congestion6 and 
may represent a different type of renal injury from 
that of the in-hospital AKI group. Limitations of our 
study include small sample size, lack of uniform 
administration of diuretics, and inability to evaluate 
tubular function.7 However, we found that patterns 
of NGAL and KIM-1 may differ with varying timing 
of HF exacerbation presentation. This may be due to 
differences in the type of kidney injury detectable by 
these biomarkers or in the responses of these markers 
to treatment. These differences should be evaluated in 
future studies.

Informed consent was granted by all involved 
patients and procedures were in accordance with the 
ethical standards of the responsible committee on 
human experimentation at our institution and with the 
Helsinki Declaration of 1975–2000.
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