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Novel biomarkers for prediction of acute kidney injury        
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ABSTRACT
OBJECTIVES: Acute kidney injury (AKI) is a frequent event in patients with an acute heart failure (AHF) and 
is associated with a poor short and long-term outcome. The aim of this study was to describe diagnostic yield 
of selected novel biomarkers in prediction of AKI in patients admitted for AHF. 
METHODS: We performed a prospective cohort study of 72 consecutive patients (46/26 M/F) aged 69±10,3 
years admitted for AHF. Renal damage was defi ned according to KDIGO guidelines. Patients were divided 
into the two groups: AKI– (without renal injury, n=52) and AKI+ (with renal injury, n=20). Urine samples for 
AKI biomarkers measurements (NGAL, TIMP2, IGFBP7) were collected at the admission. The ROC and 
linear logistic regression of new biomarkers and selected clinical variables was performed for the evaluation 
of the AKI prediction.
RESULTS: The patients with AKI+ were older (median age: 75 vs 64 years, p=0.01), had lower BMI (median: 
28 vs 29.5 kg/m2, p=0.04), were with a higher proportion of patients with HF with a reduced ejection 
fraction (55 % vs 23.1 %, p=0.01) and a higher level of serum NTproBNP. Urinary NGAL at admission was 
signifi cantly higher in the AKI+ compared to the AKI – group (152 vs 19.5 ng/mL, p<0.0001); also median of 
u-TIMP-2 and u-IGFBP-7 in the AKI+ patients was signifi cantly higher: 194.1 versus 42.5 ng/mL (p<0.0001) 
and 379 versus 92.4 pg/mL (p<0.0001) resp. Age, u-NGAL, u-TIMP2, u-IGFBP7, s-haemoglobin, NTproBNP 
and LVEF were associated with the development of AKI. Urine concentration of IGFBP-7 was measured, 
which is the best marker for the prediction of AKI (AUC 0.94). 
CONCLUSION: Urine concentrations of NGAL, TIMP2, IGFBP7 at the time of admission for AHF predicted 
a development of AKI. Age, NTproBNP, LVEF and s-haemoglobin were also associated with AKI in AHF 
patients (Tab. 3, Fig. 3, Ref. 22). Text in PDF www.elis.sk.
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Introduction

Acute heart failure (AHF) represent a frequent cause of hospi-
talisations and it is associated with a high risk of acute kidney in-
jury (AKI). Acute kidney injury and/ or kidney failure is a frequent 
clinical entity in AHF patients, which prolongs hospitalisation and 
increases mortality in this high- risk group (1). The incidence of 
AKI in patients hospitalised due to an acute decompensated heart 
failure is reported by some authors up to 40% (2). The causes 
of AKI in AHF are multifactorial and complex, mechanism var-
ies from patient to patient. Early detection of patients with acute

cardiorenal syndrome is crucial for their prognosis (3). Serum crea-
tinine as an early marker of acute kidney injury is insuffi cient,
because of its delayed serum increase after the initiating insult (4). 
That was the primary impetus for the discovery of novel biomar-
kers. The goal of most AKI biomarker research has been discovery 
of a „troponin of the kidney”, a sensitive and specifi c early marker 
of renal injury. Despite the precision of the new biomarkers, the 
expectation, that they become kidney troponin will already fall 
on the principal differences in the pathophysiology of AKI and 
myocardial infarction. Additionally, biomarkers are qualitatively 
different molecules such as troponins. The induction mechanism 
of AKI is not one disease entity, but it is a clinical syndrome with 
a myriad of multifactorial renal insults. Therefore, it is not easy 
to fi nd one marker with the diagnostic accuracy of troponin. After 
more than a decade of intensive research effort, several biomarkers 
as neutrophil gelatinase associated lipocalin (NGAL), kidney inju-
ry molecule 1 (KIM-1), interleukin 18 (IL 18) have been identifi ed. 
Unfortunately, the clinical use of novel AKI biomarkers remains 
unclear (5). Tissue metalloproteinase 2 inhibitor (TIMP-2) and in-
sulin like growth factor binding protein 7 (IGFBP-7) are markers 
of cycle cell arrest in the G1 phase and are also a relatively new 
group of biomarkers in the early detection of AKI. TIMP-2 plays 
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an important role in the pathophysiology of ischemic-reperfusion 
injury and IGFBP-7 is a secretory protein that regulates the bio-
avalability of insulin-like growth factors (6, 7). The aim of the 
study was to describe the effectivity of selected novel biomarkers 
in prediction of AKI in patients admitted for acute HF. 

Patients and methods

In the prospective cohort study, 72 patients admitted due to 
acute heart failure were enrolled. An acute decompensated heart 
failure was defi ned as an acute decompensation of known heart
failure or newly diagnosed acute heart failure. Patients were in-
cluded with typical clinical symptoms (dyspnoea, orthopnoea,
paroxysmal night dyspnoea), physical signs of fl uid retention and 
X-ray correlate after obtaining the written informed consent. Pa-
tients with a history of chronic kidney disease in KDIGO 4 and 5 
stages, patients with an acute infection of urogenital tract, patients 
with a history of kidney or bladder cancer and patients with ongoing
sepsis were excluded. Urine samples for AKI biomarkers measure-
ments (NGAL, TIMP2, IGFBP7) were collected at the admission. 
Urine samples were centrifuged and supernatants were frozen by 
standard methods within 0,5 hour of collection and stored at 70°C. 
The samples were assayed by enzyme-linked immuno sorbent 
assay (NGAL Rapid ELISA Kit, IGFBP-7 ELISA Kit, Human 
TIMP-2 ELISA Kit). Biochemical analysis of the blood samples 
included serum creatinine, N-terminal pro brain natriuretic pep-
tide, haemoglobin at the admission. Serum creatinine evaluation 
was also performed after 24, 48 and 72 hours later. Patients were 
divided into the two groups (with acute kidney injury AKI+ and 
without kidney injury AKI -), according to the KDIGO guidelines 
based on the creatinine levels and daily diuresis (4). 

Echocardiographic examination was carried out within fi rst 24 
hours of the hospitalization. Statistical analysis was done in the 
JMP Pro 13. Difference in mean between two quantitative vari-
ables was evaluated using unpaired Student´s t-test for normally 
distributed data and the non-parametric Mann-Whitney test for 
abnormally distributed data. The ROC analysis was calculated to 
determine the discriminatory ability of biomarkers. Linear logistic 
regression was performed in the AKI prediction. All hypotheses 
were tested at the signifi cance level ɑ=0.05.

Results 

Seventy-two patients were included in the study, 
41 (56.9 %) patients presented as newly-diagnosed 
acute heart failure, 31 (43 %) patients were ad-
mitted with an acute decompensation of chronic 
heart failure. The mean age in the whole cohort 
was 69±10.3 years with a gender distribution 46/26 
(male/female). Heart failure with a preserved ejec-
tion fraction/heart failure with a reduced ejection 
fraction and heart failure with a mid-range ejec-
tion fraction resp. was identifi ed in 33/23/16 pa-
tients. The mean value of systolic blood pressure 
was 140.6±30 mmHg. 

In the 20 (27 %) patients, the development of AKI within 72 
hours was observed. Patients with AKI+ were older (75 vs 64 years 
(median), p=0.01), with lower BMI (28 vs 29.5 kg/m2 (median), 
p=0.04), more often in the HFrEF group (45.8 %, p=0.003). The 
baseline characteristics are shown in the Table 1. Median of u-
NGAL levels at the admission in the AKI+ group was signifi cantly 
higher than in the AKI– group (154 vs 19.5 ng/mL; p<0.0001). 
Median of u-TIMP2 levels was in the AKI+ group 194.1 vs 42.5 
ng/mL in the AKI–group of patients (p<0.0001). Median of
u-IGFBP7 levels was in the AKI+ 379 versus 92.4 pg/mL in the 
AKI–patients (p<0.0001) (Tab. 2). The sensitivity for u-NGAL at 
the admission was 72.7 %, with a specifi city of 80.4 % and area 

Parameter AKI+ (n=20) AKI– (n=52) p
Age (years) 75 (64-81.5) 64 (60-76) 0.01
Males/Females (n) 10/10 36/16 0.16
Arterial hypertension n (%) 14 (70%) 44 (84.6%) 0.49
Diabetes mellitus n (%) 9 (45%) 23 (44.2%) 0.78
ACS n (%) 8 (40%) 32 (61.5%) 0.27
De novo HF n (%) 10 (50%) 31 (59.6%) 0.66
ADCHF n (%) 9 (45%) 22 (42.3%) 0.68
LVEF<40 % n (%) 11(55%) 12 (23.1%) 0.01
LVEF 40–49 % n (%) 6 (30%) 10 (19.2%) 0.35
LVEF ≥ 50 % n (%) 3 (15%) 30 (57.7%) 0.001
ACS – acute coronary syndrome, ADCHF – acute decompensated chronic heart 
failure, HF – heart failure, LVEF – left ventricle ejection fraction. Unless otherwise 
specifi ed, the data are presented as medians with interquartile range.

Tab. 1. Baseline patient characteristics.

Parameter AKI+ (n=20) AKI– (n=52) p
Haemoglobin (g/L) 120 (107–132.7) 138.5 (127–149) 0.006
Serum creatinine at admission (μmol/L) 105 (90–129.7) 91(75–115) 0.14
Urinary NGAL at admission (ng/mL) 152 (60–304) 19.5 (4–51.2) <.0001
Urinary TIMP-2 at admission (ng/mL) 194.1 (144.6–258) 42.5 (26.7–64.4) <.0001
Urinary IGFBP-7 at admission (pg/mL) 379 (254–691) 92.4 (68–141.6) <.0001
Serum NTproBNP at admission (pg/mL) 5883 (2332–10405) 2079 (443–5609) 0.007
IGFBP – insulin-like factor binding protein, NGAL – neutrophil gelatinase associated lipocalin, NT-
proBNP – N-terminal fragment of natriuretic peptide B, TIMP – tissue inhibitor of metalloproteinase. 
Unless otherwise specifi ed, the data are presented as medians with interquartile range.

Tab. 2. Selected laboratory characteristics of patients.

Fig. 1. ROC analysis for AKI prediction in patient with AHF (u-NGAL 
at admission).
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under the ROC curve (AUC) 0.84 (p=0.0003). The sensitivity for 
IGFBP-7 at admission was 88.2 %, specifi city of 77.4 % and area 
under the ROC curve 0.94 (p=0.0001). The sensitivity for TIMP-2
at the admission was 76.4 % with a specifi city of 69.8 %, AUC ROC
0.89 (p=0.0003) (Figs 1, 2, 3).

Except BMI, parameters such as: age, urinary NGAL, urinary 
TIMP2, urinary IGFBP7, serum haemoglobin and left ventricular 
ejection fraction were associated with the AKI development (Tab. 
3). Hospitalisation death rate was higher in the AKI+ group of the 
patients. Five in-hospital deaths were recorded, all of them in the 
AKI+ group (p<0.0001).

Discussion

Acute cardiorenal syndrome represents an acute exacerbation 
of heart failure leading to an acute renal impairment. Renal venous 
congestion together with an accelerated neurohumoral response (in-
creased activation of the sympathetic nervous system and the renin-

angiotensin-aldosterone axis) are considered the key pathophysio-
logical mechanisms of AKI in AHF (8). Demešová et al documented 
a signifi cant relationship between the renal congestion due to heart 
failure and decreased glomerular fi ltration rate (9). The worsening 
renal function was reported from 11–40 % patients admitted due to 
an acute heart failure, and was associated with a higher hospitalisa-
tion and long-term mortality rate (10). In current clinical practice, 
AKI is typically diagnosed by measuring serum creatinine concen-
trations. Unfortunately, creatinine is an unreliable indicator during 
acute changes in kidney functions. Serum creatinine concentrations 
can vary widely with age, gender, muscle mass, muscle metabolism, 
medications and hydration status. Serum creatinine concentrations 
may not change until a signifi cant amount of kidney function has 
already been lost. During acute changes in glomerular fi ltration, 
serum creatinine concentration does not accurately depict kidney 
function until steady state equilibrium has been reached (11). Our 
study documented, that the increase in serum creatinine levels oc-
curred after 24 hours. By a logistic regression analysis, age, hae-
moglobin concentration and left ventricular ejection fraction at the 
admission were identifi ed as clinically commonly available variables 
for identifi cation the patients at the risk of AKI. We performed ROC 
analysis of urinary NGAL, TIMP2 and IGFBP7 in the AKI risk 
assessment. IGFBP-7 was the best predictor of AKI (AUC 0.94).

NGAL is a widely expressed 25-kD protein of the lipocalin 
family, originally isolated from specifi c neutrophil granules. It is 
produced by epithelial cells particularly of distal renal tubule after 
ischemic and nephrotoxic kidney injury. Elevated NGAL protein 
is detectable in the urine after 30–120 minutes after injury. The 
reason for this rapid NGAL production is protective and prolifera-
tive effect on kidney epithelium, where binding to iron chelates 
reduces cell damage (12). We documented, that urinary NGAL at 
the admission identifi ed patients with development of AKI with 
sensitivity of 72.7 % and specifi city of 80.4 % (AUC ROC 0.84). 

The most positive results for NGAL worldwide are studies, 
where the time of inducing impulse is precisely defi ned. Bennett et 
al demonstrated plasma and urinary NGAL as an early predictor of 
renal damage after a cardiac surgery (13). Bachorzewska-Gajewska 
et al identifi ed NGAL as an early predictor of acute kidney injury 
after percutaneous coronary interventions (14). 

On the other hand, several papers did not confi rm superiority of 
NGAL to serum creatinine in the prediction of clinically relevant
worsening renal function and adverse events during hospitalisa-
tion (15, 16). 

Fig. 2. ROC analysis for AKI prediction in patient with AHF (IGFBP-7 
at admission).

Fig. 3. ROC analysis for AKI prediction in patient with AHF (TIMP-
2 at admission).

Parameter OR 95%CI p
u-NGAL 1.01 1.002–1.019 0.01
s-NTproBNP 1.59 1.07–2.11 0.08
u-TIMP-2 1.5 1.09–1.89 0.009
u-IGFBP-7 1.03 0.95–1.12 0.04
Age 2.3 1.04–3.2 0.04
LVEF 1.27 0.94–1.6 0.05
s-haemoglobin 3.7 1.04–6.3 0.05
CI – confi dence interval, IGFBP– insulin-like factor binding protein, LVEF – left 
ventricle ejection fraction NGAL – neutrophil gelatinase associated lipocalin, NT-
proBNP – N-terminal fragment of natriuretic peptide B, OR – odds ratio, TIMP– tis-
sue inhibitor of metalloproteinase

Tab. 3. Selected parameters of logistic regression for AKI in patients.
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In the multicentre prospective study GALLANT with 186 acute 
heart failure patients, plasma NGAL at the time of discharge was 
a strong prognostic indicator of 30 days outcomes and it was supe-
rior to the conventional measures of renal function such as: serum 
creatinine and glomerular fi ltration rate (17).

The best sensitivity and specifi city ratio to estimate the risk 
of AKI with AUC of 0.94 was found for IGFBP- 7, comparable 
value for TIMP-2. Both of these biomarkers are potent inducers of 
cycle cell arrest in the G1 phase, a condition prior to the develop-
ment of the injury leading to the AKI. In case of infl ammation, 
ischemia, or other insult, renal tubular cells may enter the cycle 
cell arrest period in G1 phase to prevent cell division, increased 
cell vulnerability to necrosis or apoptotic death. The kidney cells 
also repair genome damage (18). It seems that diagnostic accuracy 
of TIMP-2 and IGFBP-7 in the AKI identifi cation is not adversely 
affected by comorbidities (19). These biomarkers identifi ed the risk 
of AKI in patients with acute heart failure and their higher values 
were associated with a higher mortality and the need for dialysis 
within 9 months of admission (20, 21, 22).

Conclusion

The study showed that acute heart failure patients develop-
ing acute kidney injury during indexed hospitalization had higher 
urinary concentrations of NGAL, TIMP-2, IGFBP-7 already at 
the admission. The application of the evaluation of novel AKI 
biomarkers in the decision-making process of heart failure treat-
ment remains uncertain. Whether the ability to predict worsening 
of renal functions will infl uence the diagnostic process, therapy or 
outcome remains questionable. This information could be helpful 
for increasing awareness in indication of diagnostic procedures or 
treatment with documented nephrotoxic potential. 

Study limitations

The main limitation of this study is the small sample size and 
the fact, that the parameters did not refl ect the impact on long-term 
mortality of study group. 
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