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Abstract
Background Early diagnosis of Acute Kidney Injury (AKI) in neonates is a complex challenge. Novel urinary 
biomarkers such as uNGAL and TIMP-2*IGFBP7 may be helpful for predicting AKI earlier than changes in serum 
creatinine (sCr) and urinary output (UOP) in the neonatal period. uNGAL is a marker of tubular injury and its 
concentration rises immediately after AKI, while the proteins TIMP-2 and IGFBP7 jointly participate in the G1 phase cell 
cycle arrest processes and their tubular expression and urinary excretion increase in response to kidney damage. The 
aim of this study is to determine urinary concentrations of uNGAL and TIMP-2*IGFBP7 in term and preterm newborns 
and to evaluate their predictive role of AKI.

Methods  Forty-two heathy term neonates and twenty-six preterm infants were prospectively recruited at the NICU 
of Policlinico in Bari, Italy. uNGAL and TIMP-2*IGFBP7 were measured in fresh urinary samples collected via perineal 
bag either before discharge (term neonates) or over the first week of life (preterm neonates).

Results  In term neonates median uNGAL and TIMP-2*IGFBP7 concentrations were 41.40 ng/ml (IQR 20.25–74.5) e 
0.22 (ng/ml)2/1000 (IQR 0.14–0.34), respectively. In preterm infants without AKI, uNGAL median concentrations over 
the first week of life ranged between 10 and 16 ng/ml, whereas median concentration of TIMP-2*IGFBP7 ranged 
between 0.05 and 0.08 (ng/ml)2/1000. Preterm infants who developed AKI during the first week of life had significantly 
higher uNGAL median concentrations compared to preterm infants without AKI (148.5 vs. 10.0, p = 0.04; 324.0 vs. 
15.75, p = 0.02; 318.0 vs. 16.0 ng/ml, p = 0.04). Conversely, TIMP-2*IGFBP7 did not significantly increase in preterm 
infants with AKI. Preterm female neonates without AKI had significantly higher uNGAL than male neonates (46.5 vs. 
10.0 ng/ml; Mann-Whitney U-test, p =0.013).

Conclusions  Our data show that uNGAL could be more useful than TIMP-2*IGFBP7 for early detection of AKI 
in preterm newborns. Further studies are needed to evaluate the role of both biomarkers during AKI and their 
relationship with gender, gestational age and birth weight.
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Introduction
Acute Kidney Injury (AKI) is a complex disease with 
significant morbidity and mortality both in adult and 
pediatric patients [1, 2]. According to the Assessment of 
Worldwide Acute Kidney Injury Epidemiology in Neo-
nates (AWAKEN), AKI occurs in 29.9% of newborns 
younger than 14 days admitted to neonatal intensive care 
units (NICUs), especially preterm neonates [3], due to 
their immature renal structure and function and the fre-
quent use of nephrotoxic drugs [4]. Common causes of 
neonatal AKI are perinatal asphyxia, congenital anoma-
lies of kidney and urinary tract (CAKUT), congenital 
heart diseases, sepsis and medical treatment of a hemo-
dynamically significant patent ductus arteriosus (PDA) 
[5].

Currently, the diagnosis of AKI is based on elevation of 
serum creatinine (sCr > 1.5 mg/dl) or decrease in urinary 
output (UOP < 0.5 ml/kg per hour) [6], according to the 
Kidney Disease Improving Global Outcomes (KDIGO) 
classification, modified for the neonatal population by 
Jetton and Askenazi [7]. However, both sCr and UOP 
are imprecise and untimely markers of renal function in 
the neonatal age. Serum creatinine is a marker of renal 
function, not a marker of damage [8] and, after injury, its 
increase is delayed by 48–72 h, when renal function could 
be already compromised. Soon after birth, neonatal sCr 
reflects maternal levels and then it decreases at a pace 
dependent on gestational age (GA) at birth [9]. Besides, 
sCr determination requires multiple blood samplings 
which are undesirable in neonates in order to reduce pain 
and risk of iatrogenic anaemia.

UOP evaluation has also some limits. AKI in neo-
nates is frequently non-oliguric, so that oliguria (i.e. 
UOP < 0.5  ml/kg/h) is a low sensitive marker of AKI. 
Common therapies (e.g. volume expanders, diuretics, 
vasodilating agents or aggressive fluid restoration) may 

also misleadingly modify UOP [10]. Moreover, UOP is 
generally assessed by weighing nappies, a non-invasive 
but inaccurate method [11], since invasive assessment by 
urinary catheter is burdened by the risk of nosocomial 
infections and therefore limited for critical or unstable 
neonates [12].

New early biomarkers of AKI have recently been sug-
gested, including Lipocalin-2 (LCN2, known as Neu-
trophil Gelatinase-associated Lipocalin - NGAL) [13], 
Tissue Inhibitor of Metalloproteinase-2 (TIMP-2), and 
Insulin-like Growth Factor-Binding Protein 7 (IGFBP7) 
[14, 15].

NGAL is a 25 kDa protein expressed by numerous cells, 
including epithelial cells and neutrophils. It is a bacterio-
static agent that interferes with siderophore-mediated 
iron acquisition [16]. Renal tubular cells produce NGAL 
early in response to various stressful situations, in order 
to protect the site from oxidative stress and activate 
iron-dependent repair/regeneration systems. NGAL has 
a very short half-life (15–20 min), hence it is associated 
with tubular damage and not with impaired glomerular 
filtration [13]. It is detectable in both plasma and urine.

TIMP-2 inhibits the activity of matrix metalloprotein-
ase (MMP), but also interferes with cell cycle regulation. 
IGFBP7 is a secreting protein of the Insulin-like Growth 
Factor-Binding Protein (IGFBP) superfamily and regu-
lates the bioavailability of Insulin-like Growth Factors 
(IGFs) through direct low affinity bonds [17]. Follow-
ing damage, IGFBP7 and TIMP-2 are expressed in the 
renal tubular cells, thereby resulting in up-regulation of 
tumor-suppressor genes and G1 cell cycle arrest for short 
periods of time [15], in order to prevent mitosis in the 
presence of damaged DNA [18].

The urinary complex TIMP-2*IGFBP7 proved effec-
tive in predicting the development of severe or moderate 
AKI in high-risk patients with significant accuracy and 
stability [19], and its clinical applications have rapidly 
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increased [18] since the Food and Drug Administration 
(FDA) approval of the test “NephroCheck®” in patients 21 
years of age or older in 2014.

However, the employment of novel urinary biomarkers 
of AKI is still not widespread in neonatal settings, also 
because of the lack of neonatal reference limits.

The aim of the present study is to measure, both in 
term and preterm newborns, urinary NGAL (uNGAL) 
and TIMP-2*IGFBP7 and to evaluate their modifica-
tions in preterm neonates developing AKI during the first 
week of life.

Methods
Single-center prospective observational cohort study 
conducted in two phases at the Neonatal Intensive 
Care Unit of the Policlinico Hospital in Bari, Italy. The 
STrengthening the Reporting of OBservational studies 
in Epidemiology (STROBE) guidelines for reporting of 
observational studies were followed [20].

  •  Phase 1–1st to 30th June 2019: full-term newborns;
  •  Phase 2–1st May to 31st July, 2020 and 1st March to 

30th April, 2021: preterm newborns.

The research protocol was approved by the local ethical 
committee (number 65290—date 30/07/2019).

Study population

1. Cohort of healthy full-term inborn newborns;
2. Cohort of preterm infants, for whom the following 

inclusion criteria were applied:

  • Gestational age at birth: 26 + 0 to 36 + 6 weeks;
  • Inborn neonates and outborn transferred within the 

first 72 h of life.

The exclusion criteria for both cohorts were:

  • urinary (CAKUT) and/or major congenital 
malformations;

  • major comorbidities and/or clinical instability in the 
first week of life (e.g. asphyxia, early neonatal sepsis);

  • inability to collect urine samples;
  • outborn neonates transferred after the first 72 h of 

life;
  • length of hospitalization < 8 days of life.

Parental informed consent was obtained for all patients. 
For each newborn, both maternal and neonatal demo-
graphic and anamnestic data regarding pregnancy, 
delivery and the postnatal period were collected. All 
datasets were anonymous. Data regarding significant 
neonatal morbidity were also collected, including the 

use of nephrotoxic drugs (i.e. aminoglycoside antibiotics 
such as Amikacin and Gentamicin, glycopeptide antibiot-
ics like Vancomycin and nonsteroidal anti-inflammatory 
drugs such as Ibuprofen), the duration of invasive and 
non-invasive ventilatory support and oxygen supple-
mentation, occurrence of major adverse events such as 
early or late onset sepsis, necrotizing enterocolitis (NEC) 
Bell’s stage > 2, grade 3–4 intraventricular hemorrhage 
(IVH), periventricular leukomalacia (PVL), posthemor-
rhagic hydrocephalus, retinopathy of prematurity (ROP) 
stage 3–4 or requiring laser therapy, bronchopulmonary 
dysplasia (BPD), defined as the need for supplementary 
oxygen therapy at 28 days of life and/or 36 weeks GA, 
hemodynamically significant PDA, death.

Primary and secondary outcomes
The primary outcome was to determine values of the uri-
nary biomarkers uNGAL and TIMP-2*IGFBP7 in full-
term newborns during the first three days of life (phase 1) 
and in preterm infants during the first week of life (phase 
2).

Preterm neonates were further divided into two groups 
based on the diagnosis of AKI, according to the modified 
KDIGO criteria for the neonatal population [7].

The prespecified secondary outcomes were: influence 
of demographic factors (gender, gestational age and birth 
weight - BW) in both groups; predictive role of AKI, 
defined according to the modified KDIGO criteria for the 
neonatal population [7], of both the urinary biomarkers 
uNGAL and TIMP-2*IGFBP7, during the first week of 
life.

Sample collection and evaluation of renal function
Fresh urinary samples of 3–5 ml were collected non-inva-
sively using Pediatric urine bags (100  ml - RAYS S.p.A. 
Osimo– Italy) before discharge in full-term infants and at 
3 time points (days of life, DOL, 1–3; 4–5; 6–8) in pre-
term neonates. Urinary samples were then transferred to 
a clean centrifuge tube without additives. After centrifu-
gation for 10 min at 1000 x g the supernatant was trans-
ferred to a clean receptacle. In each preterm newborn, 
sCr levels from central venous or arterial blood samples 
during the first week, after the first 24 h of life and daily 
urinary output were assessed to define the KDIGO stage.

Assay methods
Measurement of uNGAL was performed on Architect 
i1000 instrument (Abbott Laboratories, Wiesbaden, Ger-
many). The Architect NGAL assay is a two-step chemi-
luminescent microparticle immunoassay, which has a 
limit of detection (LoD) of < 15 ng/ml and an imprecision 
(CV%) of < 10% as declared by manufacturer. Prior to any 
measurement of uNGAL, urine samples were centrifuged 
for 5 min at 190 rpm at room temperature. Measurement 
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of TIMP-2 and IGFBP7 was performed by NephroCheck® 
Test on the Astute140 Meter (Astute Medical, San Diego, 
CA, USA). The NephroCheck® Test is a quantitative, 
fluorescence, lateral flow immunoassay technology. The 
test contains sandwich immunoassays for TIMP-2 and 
IGFBP7 in a single-use plastic test cartridge. Urine sam-
ples are centrifuged, added to a buffer, and mixed with 
a fluorescent antibody conjugate prior to measurement. 
The sample is then applied to the cartridge and inserted 
into a bench-top instrument that reads the fluorescent 
signals from each of the TIMP-2 and IGFBP7 immunoas-
says. The Astute140 Meter converts the fluorescent sig-
nals into a single numerical result that is the product of 
the urinary concentrations of [TIMP-2]*[IGFBP7] and is 
called AKIRisk® Score ([(TIMP-2]*[IGFBP7])/1000, units 
= (ng/mL)2/1000) [21].

Statistical analysis
Continuous quantitative variables, for which the normal-
ity of distribution was initially verified by the Shapiro-
Wilk test, were expressed by indicating the mean and the 
standard deviation (SD) in the case of Gaussian distribu-
tions and by means of median and interquartile range 
(IQR) in the case of non-normal distributions; categori-
cal variables were expressed in terms of proportions.

To compare the variables uNGAL and TIMP-2*IGFBP7 
at the 3 time points, the Friedman test (non-paramet-
ric) was used; where significant, Wilcoxon’s signed-rank 
test for paired samples was applied for each comparison 
between two time points.

Comparison of the variables uNGAL and TIMP-
2*IGFBP7 between groups defined on the basis of 
dichotomous qualitative variables (gender, AKI, GA < or 
> 32 weeks, BW < or > 1500  g) was evaluated by Mann-
Whitney test for unpaired samples and represented by 
boxplot.

The presence of an association between the variables 
uNGAL and TIMP-2*IGFBP7 for each collection time 
and the other continuous quantitative variables observed 
in the study was evaluated by means of Spearman corre-
lation analysis.

Multiple comparisons among term, preterm non-AKI 
and preterm AKI groups on the basis of quantitative 
demographic variables were evaluated by Independent-
Samples Kruskal-Wallis Test. Significance values have 
been adjusted by the Bonferroni correction for multiple 
tests.

In preterm infants, the secondary outcomes were com-
pared between the AKI and non-AKI groups by Mann-
Whitney test for unpaired samples and Fisher’s exact test, 
with Bonferroni’s correction on multiple comparisons.

Finally, the performance as predictors of AKI of the 
two urinary markers, uNGAL and TIMP-2*IGFBP7, was 
evaluated through ROC curves, identifying the optimal 

cut-off for each, based on the Youden’s Index. The statis-
tical significance of p < 0.05 was accepted for all tests.

Data were collected from medical notes and Neocare 
software (GPI SpA, Trento, Italy). The completed forms 
have been inserted into a database created with Office 
Microsoft® Excel software version 16.53. The statistical 
analysis of the data was carried out using the IBM SPSS 
Statistics v.26 software and the R version 4.0.1 software.

Results
Enrollment and demographics
Forty-two healthy full-term and twenty-six preterm new-
borns were enrolled (Fig. S1).

The diagnosis of AKI according to the modified 
KDIGO criteria for the neonatal period [7] was made 
in three (11.5%) preterm infants. Neonatal and mater-
nal demographic characteristics of the three groups are 
shown in Table 1.

Main outcome
In the cohort of healthy term neonates median uNGAL 
and TIMP-2*IGFBP7 concentrations were 41.40 (IQR 
20.25–74.5) ng/ml e 0.22 (ng/ml)2/1000 (IQR 0.14–0.34), 
respectively.

In the cohort of preterm infants without AKI, uNGAL 
median concentrations over the three collection times 
(uNGAL 1, uNGAL 2, and uNGAL 3) were 10.0 ng/
ml (IQR 10.0–27.0), 15.75 ng/ml (IQR 10–43.0), and 
16.0 ng/ml (IQR 10.0–38.0), respectively. Median con-
centrations of TIMP-2*IGFBP7 1, TIMP-2*IGFBP7 2, 
and TIMP-2*IGFBP7 3 were 0.05 (ng/ml)2/1000 (IQR 
0.04–0.08), 0.08 (ng/ml)2/1000 (IQR 0.05–0.24), and 
0.06 (ng/ml)2/1000 (IQR 0.04–0.15), respectively. For 
both biomarkers no significant differences between the 
three time-points values during the first week of life were 
found (uNGAL p = 0.056; TIMP-2*IGFBP7 p = 0.15).

However, median concentration of uNGAL and TIMP-
2*IGFBP7 at first collection (DOL 1–3) were significantly 
lower in preterm infants without AKI than in healthy 
full-term infants (uNGAL 10.0 vs. 41.4 ng/ml, p = 0.007; 
TIMP-2*IGFBP7 0.05 vs. 0.22 (ng/ml)2/1000, p < 0.0001) 
(Fig. 1).

Correlation with gender, GA and BW in healthy term and 
preterm infants without AKI
In healthy term neonates no significant differences 
according to gender were observed both for uNGAL 
(males 54.0 ng/ml vs. females 41.8 ng/ml) and TIMP-
2*IGFBP7 (males 0.23 ng/ml vs. females 0.18 ng/ml) 
(Mann-Whitney U-test, p  >0.05, for each). Possible fac-
tors causing higher uNGAL values or TIMP-2*IGFBP7 
were analyzed and the regression analysis showed no 
significant association between log10-uNGAL values or 
log10-TIMP-2*IGFBP7 and GA, BW and gender (p > 0.05, 
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for each). Spearman’s correlation of uNGAL concentra-
tion with TIMP-2*IGFBP7, GA, BW and weight loss 
revealed a significant relationship only between uNGAL 
and TIMP-2*IGFBP7 concentrations. Spearman’s rank 
correlation coefficient (rs) showed a modest positive 
association between them (rs = 0.40; p = 0.009). This find-
ing is confirmed by the linear regression model on log10-
transformed data (R2 = 0.154, p = 0.012).

Similarly, in the cohort of preterm neonates without 
AKI, the concentrations of uNGAL and TIMP-2*IGFBP7 
were not influenced by gender, GA and BW (Table  2), 
except for higher values of uNGAL in females (46.5 vs. 
10.0 ng/ml; Mann-Whitney U-test, p = 0.013) (Fig. 2).

In the group of preterm without AKI, uNGAL was not 
different according to GA (< 32 weeks vs. > 32 weeks: 21.5 
vs. 10.0 ng/ml; p = 0.185) or to BW (< 1500 g vs. > 1500 g: 
16.0 vs. 10.0 ng/ml; p = 0.535).

Similarly, TIMP-2*IGFBP7 did not change significantly 
according to sex, GA and BW < 1500 g (p > 0.05 for each).

Accuracy in the diagnosis of AKI in the preterm infant 
cohort
Applying the modified KDIGO criteria for the neonatal 
population [7], 3/26 (11.5%) preterm infants developed 
AKI; two KDIGO stage 1 (7.7%) and one KDIGO stage 
2 (3.8%).

Table S1 shows, in preterm neonates with or without 
AKI, potentially interfering factors with levels of both 
biomarkers: creatinine (min and max), urinary output 
and nephrotoxic drugs.

In preterm infants who developed AKI during the first 
week of life uNGAL in all three time-points was higher 
compared to preterm infants without AKI (148.5 vs. 
10.0, p = 0.04; 324.0 vs. 15.75, p = 0.02; 318.0 vs. 16.0 ng/
ml, p = 0.04) (Fig.  3A), while TIMP-2*IGFBP7 were not 
different between preterm infants with or without AKI 
(0.06 vs. 0.05; 0.08 vs. 0.08; 0.27 vs. 0.06 (ng/ml)2/1000, 
p > 0.05) (Fig. 3B).

The use of nephrotoxic drugs did not significantly affect 
the values of uNGAL and TIMP-2*IGFBP7 in the three 
evaluations, despite a slight increase in the urinary levels 
of the two biomarkers at the second time-point (data not 
shown).

No neonates had sepsis during the first week of life. 
However, those who developed AKI in the first week of 
life had longer and more critical clinical courses, with 
increased need and duration of ventilatory support. 

Secondary outcomes are described in Table S2.
The diagnostic accuracy of uNGAL and TIMP-

2*IGFBP7 in preterm infants who developed AKI dur-
ing the first week of life was evaluate and the ROC curve 
of uNGAL1 as a predictor of AKI showed an area under 
the curve (AUC) of 0.92 (p = 0.024) with an optimal cut-
off of 46.5 ng/ml (81%; 100%), while the ROC curve of 

Table 1 Neonatal and maternal demographics
Term
n = 36#

Preterm
non-AKI
n = 23

Preterm
AKI
n = 3

Kruskal-
Wallis Test
Signifi-
cance

Male sex, n (%) 24 (66.7) 15 (65.2) 2 (66.7) p = 1.0
GA weeks,
median (IQR)

39.8
(39.0-40.8)

32.3
(31.0-33.9)

27.4
(26.8–
27.5)

p < 0.0001*

GA < 32 weeks, 
n (%)

0 (0) 9 (39.1) 3 (100) p < 0.0001*

AGA, n (%) 27 (75) 22 (95.7) 3 (100) p > 0.05
LGA, n (%) 3 (8.3) 0 (0) 0 (0) p > 0.05
SGA, n (%) 6 (16.7) 1 (4.3) 0 (0) p > 0.05
Birth weight g,
median (IQR)

3300.0
(3002.5–
3605.0)

1560.0
(1400.0-
1922.5)

1035.0
(992.5-
1072.5)

p < 0.0001*

Birth 
weight < 1500 g,
n (%)

0 (0) 9 (39.1) 3 (100) p < 0.0001*

Weight loss %,
median (IQR)

7.2 (5.0-8.8) 6.0 (4.3–9.6) 9.7 
(9.6–
10.7)

p = 0.12

Multiple 
pregnancy,
n (%)

2 (5.6) 12 (52.2) 0 (0) p < 0.0001§

Apgar score 
1 min, median 
(IQR)

9.0 (9.0–9.0) 8.0 (7.0–8.0) 5.0 
(4.0-6.5)

p < 0.0001*

Apgar score 
5 min, median 
(IQR)

10.0 
(10.0–10.0)

9.0 (8.0–9.0) 8.0 
(8.0-8.5)

p < 0.0001*

Maternal age, 
median (IQR)

35.0
(27.5–38.0)

33.0
(30.0–39.0)

37.0
(33.0–
38.0)

p = 0.9

White race, n (%) 33 (94.3) 23 (100) 3 (100) p = 0.56
Primiparous, 
n (%)

10 (30.3) 13 (56.5) 1 (33.3) p = 0.14

Antenatal ste-
roids, n (%)

4 (11.1) 20 (87.0) 3 (100) p < 0.0001*

Caesarean sec-
tion, n (%)

12 (33.3) 20 (87.0) 2 (66.7) p < 0.0001§

PROM > 24 h, 
n (%)

0 (0) 5 (21.7) 1 (33.3) p < 0.0001*

PIH, n (%) 2 (5.6) 2 (8.7) 0 (0) p = 0.71
Pre-eclampsia, 
n (%)

1 (2.8) 4 (17.4) 0 (0) p = 0.13

Gestational 
diabetes, n (%)

1 (2.8) 6 (26.1) 1 (33.3) p = 0.02§

Drugs, n (%) 4 (11.4) 13 (56.5) 1 (33.3) p < 0.0001§

Antibiotics, n (%) 3 (8.3) 9 (39.1) 1 (33.3) p = 0.01§

Smoke/illicit 
drugs, n (%)

0 (0) 0 (0) 0 (0) p > 0.05

# Data available for 36/42 full−term neonates. § adjusted p−value by the 
Bonferroni correction for the pairwise comparison between term and 
preterm non−AKI. *adjusted p−value by the Bonferroni correction for the 
pairwise comparison between term and preterm non−AKI and between term 
and preterm AKI. GA: gestational age. AKI: acute kidney injury. IQR: range 
interquartile. AGA: appropriate for gestational age. LGA: large for gestational 
age. SGA: small for gestational age. PROM: prolonged rupture of membranes. 
PIH: pregnancy induced hypertension
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TIMP-2*IGFBP7 1 showed an AUC of 0.59 (p = 0.330) 
with an optimal cut-off of 0.045 (ng/ml)2/1000 (38.1%; 
100%).

Discussion
AKI affects 18–70% of neonates admitted to NICUs [22–
29]. The significant incidence of AKI in neonates (espe-
cially in very and extremely low birth weight infants) is 
due to both maternal and neonatal risk factors interfering 
with the dynamic physiology of the neonatal kidney [30]. 
AKI incidence in our study (11.5%) is lower than previ-
ous studies, though similar to data reported by Chen et 
al. [31], but this is due to the exclusion of newborns with 
critical clinical course.

Significant efforts have been made to identify mark-
ers for early diagnosis and prediction of AKI. Since in 
newborns both sCr and UOP are not optimal markers of 

AKI, several novel biomarkers gained attention, as well as 
uNGAL and TIMP-2*IGFBP7, but the lack of established 
range values have limited their widespread use.

Our study shows a median uNGAL concentration 
of 41.40 (IQR 20.25–74.5) ng/ml and a median TIMP-
2*IGFBP7 of 0.22 (ng/ml)2/1000 (IQR 0.14–0.34) in 
healthy term infants. Previous studies showed a median 
uNGAL concentration in term neonates ranging from 
6.8 to 88.1 ng/ml [32–38] and a median TIMP-2*IGFBP7 
of 0.13 [19]. In preterm infants without AKI, uNGAL 
median concentrations over the three collection times 
(uNGAL 1, uNGAL 2, and uNGAL 3) were 10.0 ng/ml 
(IQR 10.0–27.0), 15.75 ng/ml (IQR 10–43.0), and 16.0 
ng/ml (IQR 10.0–38.0), respectively. These results were 
similar to those reported by Huynh et al. (5 ng/ml) in 50 
neonates with median GA of 29 weeks ± 1.6 and with-
out renal injury [39]. Conversely, our results are lower 

Fig. 1 Boxplot comparing median concentrations of uNGAL 1 (A) and TIMP-2*IGFBP7 1 (B) between preterm infants without AKI and healthy full-term 
infants
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than other studies reporting values from 41.52 to 424 
ng/ml [34, 40–43]. In the same cohort, median concen-
trations of TIMP-2*IGFBP7 1, TIMP-2*IGFBP7 2, and 

TIMP-2*IGFBP7 3 were 0.05 (ng/ml)2/1000 (IQR 0.04–
0.08), 0.08 (ng/ml)2/1000 (IQR 0.05–0.24), and 0.06 (ng/
ml)2/1000 (IQR 0.04–0.15), respectively, similar to data 
by Chen et al. [31].

No statistically significant differences between full-
term males and females were observed. Previous stud-
ies showed that uNGAL levels are also not influenced by 
GA and birth weight [33, 44], whereas this information is 
still lacking for TIMP-2*IGFBP7. However, some authors 
reported significantly higher uNGAL values in female 
neonates, probably due to different measurement meth-
ods (CMIA vs. ELISA), reagents or antibodies [34, 37].

In our study preterm female neonates without AKI 
have higher uNGAL than male neonates (46.5 vs. 10.0 
ng/ml; Mann-Whitney U-test, p =0.013), confirming the 
influence of gender on this urinary biomarker as other 
reported [39, 42, 43]. No differences according to gender 
were observed for the median concentration of TIMP-
2*IGFBP7, in contrast with Chen et al. [31] who showed 
higher values in male newborns.

In our study, both uNGAL and TIMP-2*IGFBP7 levels 
in preterm neonates without AKI were lower compared 
to healthy term infants (p = 0.007 e p < 0.0001, respec-
tively) and not influenced by GA and BW, whereas pre-
vious studies showed an inverse relationship between 
uNGAL and GA or BW [39, 43, 45, 46].

In the present study, 3/26 (11.5%) preterm infants 
developed AKI according to the modified KDIGO cri-
teria for the neonatal population [7]. In these newborns 
uNGAL increased quickly and predicts the development 
of AKI, with an AUC of 0.92. These results are in accor-
dance with recently published data by Hanna et al. [47]. 
The AUC of TIMP-2*IGFBP7 was instead low (0.59) and 

Table 2 Correlation between gender (A), GA (B) and BW (C) and 
uNGAL 1 and TIMP-2*IGFBP7 1 in preterm infants without AKI 
and healthy full-term infants A
A Preterm

non-AKI
Term p-value

uNGAL 1
• Males, me-
dian (IQR)
• Females, 
median (IQR)

10.0 
(10.0–15.0)
46.5 
(17.5–74.5)

54.0 
(29.0–78.0)
41.8 
(20.25–85.5)

0.013

TIMP-2*IGFBP7 
1
• Males, me-
dian (IQR)
• Females, 
median (IQR)

0.05 
(0.02–0.08)
0.05 
(0.04–0.10)

0.23 
(0.15–0.34)
0.18 
(0.135–0.325)

0.547

B Preterm non-
AKI < 32 wks

Perterm non-
AKI > 32 wks

Term p-
val-
ue

uNGAL 1,
median (IQR)

21.5
(10.0-74.5)

10.0
(10.0–21.0)

41.40
(20.25–74.5)

0.185

TIMP-2*IGFBP7 
1,
median (IQR)

0.05
(0.03–0.07)

0.05
(0.04–0.09)

0.22
(0.14–0.34)

0.750

C Preterm non-
AKI < 1500 g

Preterm non-
AKI > 1500 g

Term p-
val-
ue

uNGAL 1,
median (IQR)

16.0
(10.0–41.0)

10.0
(10.0–25.0)

41.40
(20.25–74.5)

0.535

TIMP-2*IGFBP7 
1,
median (IQR)

0.04
(0.02–0.04)

0.06
(0.04–0.06)

0.22
(0.14–0.34)

0.121

AKI: acute kidney injury. IQR: interquartile range; wks: weeks

Fig. 2 Boxplot comparing median concentrations of uNGAL 1 according to gender between preterm infants without AKI and healthy full-term infants
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its role for AKI prediction is not evident, differently from 
Chen study [31].

Our findings confirm that uNGAL is among the most 
promising biomarkers of AKI: it is rapidly synthesized 
and released from the damaged distal nephron in experi-
mental disease models; it is easily detectable both in 
plasma and in urine, irrespective of other biological vari-
ables (unlike sCr); its concentrations increase according 
to severity and duration of kidney injury and decrease 
rapidly once the insult is over [13]; it is useful for early 
diagnosis of AKI and prediction of clinical outcome 
(need for dialysis and mortality risk). uNGAL could be 
used for early diagnosis of AKI as well as a biomarker of 
kidney damage when nephrotoxic drugs are used [48]. 

NGAL is an effective early biomarker of AKI in a wide 
range of neonatal and pediatric intensive care scenarios 
(e.g. perinatal asphyxia [49], cardiac surgery [50]) pre-
dicting renal complications with good sensitivity as early 
as two days before sCr increase [51, 52].

In recent years, TIMP-2*IGFBP7 proved effective in 
predicting AKI in the critical adult [15, 18]. Two differ-
ent cut-off values (0.3 and 2.0 ng/ml2/1000) of TIMP-
2*IGFBP7 were validated in critically-ill adult patients 
[14, 53], showing that patients with TIMP-2*IGFBP7 
value > 0.3 had a seven-fold increase in AKI risk [14] and 
that the risk of death, dialysis or recurrent renal dysfunc-
tion in patients with AKI was doubled for values above 
2.0 [15].

Fig. 3 Boxplot of the distribution of uNGAL (A) and TIMP-2*IGFBP7 (B) in the three collections among preterm infants with and without AKI
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However, whether TIMP-2*IGFBP7 can be routinely 
used in pediatric and neonatal settings remains an open 
question. The performance of TIMP-2*IGFBP7 in pedi-
atric patients was evaluated by Westhoff et al. [19] on a 
cohort of 133 patients aged 0–18 years, of which 46 with 
AKI according to pediatric Risk, Injury, Failure, Loss, End 
Stage Renal Disease (pRIFLE) criteria, 27 without AKI 
(non-AKI group I) and 60 apparently healthy neonates 
and children (non-AKI group II). Patients in the “Failure” 
stage showed a median 3.7-fold higher urinary TIMP-
2*IGFBP7 compared to non-AKI subjects (p < 0.001). 
TIMP-2*IGFBP7 had a significant chance to predict 
mortality after 30 days and 3 months, and moderate role 
in predicting renal replacement therapy (RRT). Accord-
ing to their findings, TIMP-2*IGFBP7 median values in 
the two different control groups (0.10 and 0.27), includ-
ing both neonates and children, were largely stable and 
comparable to adults, but with a tendency to be lower 
in neonates and younger children. In our study TIMP-
2*IGFBP7 median values are similar to those reported 
by Westhoff et al. in their control groups [19]. Urinary 
TIMP-2*IGFBP7 proved effective for the early diagno-
sis of neonatal AKI in 14 indomethacin-treated very low 
birth weight (VLBW) infants [54] and in 31 infants after 
cardiac surgery in which TIMP-2*IGFBP7 values ≥ 0.78 
predicted serum increase of milrinone concentration 
prior to serum creatinine [55]. Meersch et al. found 
that pediatric patients with congenital heart disease had 
elevated urinary TIMP-2*IGFBP7 values before cardiac 
surgery (mean 0.9–1.0) with values decreasing to 0.4–0.5 
one day after surgery, suggesting that either preoperative 
venous congestion or fasting could affect renal integrity 
[56]. However, more recently, Bojan et al. discussed the 
usefulness of TIMP-2*IGFBP7 for the prediction of car-
diac surgery-related AKI in neonates and infants when 
measured within 3  h of cardiopulmonary bypass [57]. 
Accordingly to their study, we also showed a lower effi-
cacy of TIMP-2*IGFBP7 for the early detection of neona-
tal AKI, as shown by a low AUC (0.59).

Strengths and limitations
To the best of our knowledge, this is the first study to 
focus on uNGAL and TIMP-2*IGFBP7 values in healthy 
term and preterm neonates. Our study highlights also 
that in clinically stable preterm neonates, AKI may occur.

We acknowledge some limitations of the study. Firstly, 
the small sample of patients may impact the reliability 
and reproducibility of findings. Secondly, we did not use 
uNGAL/creatinine ratio to assess renal function. Finally, 
both urinary NGAL and TIMP-2*IGFBP7 in healthy 
full-term infants were assessed only once per patient so 
providing only a static picture of normal range values 
for urinary NGAL and TIMP-2*IGFBP7 in this cohort, 

missing the possible dynamic evolution of these biomark-
ers over time.

Future directions
The future direction for urinary AKI biomarkers imple-
mentation in neonates is likely to be a dynamic and mul-
tidimensional approach, as recently suggested by Basu 
[58]. An “AKI Biomarker Composite” (ABC) panel over 
time may improve the recognition and management of 
AKI phenotype, according to stage and subtype (e.g. 
tubular, glomerular, reduced compensation, increased 
system stress…). That would be an important step 
towards tailored medicine, possibly combined with the 
determination of the individual genomic profile. Indeed, 
precision laboratory diagnostics allows to inform treat-
ment choices and reduce the use of invasive procedures 
for conditions with high impact on newborns' health and 
quality of life like AKI [59].

Conclusions
AKI in neonates continues to be an underestimated clini-
cal issue. Since sCr and UOP are inaccurate markers of 
renal function, novel urinary biomarkers such as uNGAL 
and TIMP-2*IGFBP7 may be helpful for the early recog-
nition and treatment of neonates at risk for mild to severe 
AKI, also because they are non-invasive determinations. 
The influence of factors such as gender, gestational age 
and birth weight may require more data to confirm possi-
ble relationships. Our study shows that uNGAL could be 
a more useful marker of early stage of AKI than TIMP-
2*IGFBP7, especially in preterm neonates. Further data 
are needed to confirm its diagnostic role and to evaluate 
the role of both biomarkers during AKI, focusing on their 
changes due to the treatment and the evolution of this 
disease in the very vulnerable population of neonates.
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