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Acute kidney injury (AKI) is a com-
mon finding in Neotatal Intensive Care 
Units (NICU). Sepsis is one the main 
causes of AKI in preterm newborns. 
AKI has been associated with signifi-
cant death rates. Early detection of the 
condition is the first step to improving 
prevention, treatment, and outcomes, 
while decreasing length of hospitaliza-
tion, care costs, and morbimortality. 
AKI may progress to chronic kidney 
disease (CKD), a condition linked with 
dialysis and greater risk of cardiovas-
cular disease. This review article aims 
to discuss cases of AKI in preterm new-
borns with sepsis, the use of biomark-
ers in lab workup, and the use of non-
conventional biomarkers for the early 
identification of AKI.

AbstrAct

Keywords: Acute Kidney Injury; Sepsis; 
Infant, Premature; Biomarkers.

A lesão renal aguda (LRA) é comum na Uni-
dade de Terapia Intensiva Neonatal (nUTI) e 
a sepse é uma de suas principais causas, espe-
cialmente em prematuros. Apresenta altas ta-
xas de mortalidade e sua detecção precoce é 
o primeiro passo para a prevenção dessa con-
dição, pois permite o tratamento adequado e 
melhora o desfecho, diminui o tempo de inter-
nação, os custos não médicos e a morbimorta-
lidade. Destaca-se ainda que a LRA pode evo-
luir para doença renal crônica (DRC), haven-
do a necessidade de diálise, com maior risco 
de desenvolver doenças cardiovasculares. Este 
artigo de revisão tem como objetivo discutir 
a LRA em recém-nascidos (RNs) prematuros 
com sepse, abordando biomarcadores utiliza-
dos na rotina laboratorial e principalmente a 
utilização de biomarcadores não tradicionais 
para identificação precoce de LRA.

resumo

Descritores: Injúria Renal Aguda; Sepse; 
Recém-Nascido Prematuro; Biomarcadores.

IntroductIon

Acute kidney injury (AKI) is defined as 
the sudden impairment of kidney function 
followed by acute reversible increases in 
serum creatinine (SCr) associated or not 
with decreased urine output, resulting in 
inability to maintain proper homeostase 
of fluids, electrolytes, and residues. It is 
a complex multifactorial disorder that 
ranges from mild injury to kidney failure, 
for which renal replacement therapy may 
be required1,2.

AKI may be categorized as follows: 
(i) prerenal AKI, a condition caused by 
hypovolemia, renal artery contraction or 
vasodilation that may produce glomerular 
perfusion impairment secondary to 

decreased circulatory volume without 
renal alterations; (ii) renal AKI, a 
condition caused by all other types of 
kidney disease, including capillary and 
glomerular disease, vascular kidney 
diseases, acute interstitial nephritis, and 
acute tubular necrosis; and (iii) postrenal 
AKI, a condition seen in cases of acute 
urinary obstruction3,4.

The causes of AKI in newborns include 
very low birth weight (bodyweight of 
less than 1,500 g), respiratory distress 
syndrome, a low 5-minute Apgar score, 
intubation at birth, cardiac arrest, and use 
of medication5,6.

In terms of risk subgroups, preterm 
newborns (with a gestational age [GA] of 
less than 37 weeks) may be categorized 
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as follows: extremely preterm - babies born before 
28 weeks of pregnancy; very preterm - babies born 
between 28 weeks and 31 weeks and 6 days of 
pregnancy; moderate preterm - babies born between 
32 weeks and 33 weeks and 6 days of pregnancy; or 
late preterm - babies born between 34 weeks and 36 
weeks and 6 days of pregnancy7.

AKI is a common condition in neonatal intensive 
care units associated with increased mortality5,8. 
Youssef et al. (2015) reported a frequency of 10.8% 
for AKI in a neonatal intensive care unit (NICU) and 
described use of mechanical ventilation and sepsis as 
the main causes of AKI9.

Neonatal sepsis is infection that occurs within the 
first 28 days of life of a full-term newborn or within 
four weeks of the predicted date of birth of preterm 
babies10. Neonatal sepsis is a severe complication, 
particularly for preterm newborns, caused by 
pathogens acquired after birth. The condition is 
described as early sepsis for cases with onset within 
72 hours of birth or late sepsis for cases developing 
after 72 hours from birth10,11.

Clinical signs of neonatal sepsis include fever, 
hypothermia, hypotonia and seizures, irritability and 
lethargy, difficulty breathing, pallor, gastrointestinal 
symptoms, idiopathic jaundice, signs of bleeding, and 
tachycardia10,12.

Preterm birth may adversely affect adaptation 
to extrauterine life and introduce numerous 
complications13. Factors such as decreased glomerular 
filtration rate (GFR), renal vasoconstriction, and 
decreased local blood flow may contribute to the onset 
of AKI in individuals with sepsis, a condition known 
for its multifactorial pathophysiology involving 
hemodynamic and microcirculation mechanisms that 
ultimately lead to poor tissue oxygenation. Vasoplegia 
is the primary pathophysiological phenomenon in 
subjects with septic shock to cause hypotension14-16. 
Individuals with septic AKI also present with decreased 
GFR secondary to hypotension and hypovolemia 
associated with decreased cardiac output, which 
cause oliguria and increased SCr levels14.

Complete blood count is one of the tests used in 
the investigation of sepsis. Acute phase reactants such 
as C-reactive protein (CRP) and procalcitonin (PCT) 
may be used in diagnosis, although blood culture 
stands as the most recommended test14.

In an attempt to standardize the definitions and 
categories tied to the diagnosis of AKI, the Risk, Injury, 

Failure, Loss, End-Stage (RIFLE) and Acute Kidney 
Injury Network (AKIN) criteria were developed based 
on parameters SCr and urine output17. However, the 
criteria used to define AKI have since been adjusted, 
and the most recent version is the Kidney Disease: 
Improving Global Outcome (KDIGO), published in 
201218.

Adjustments to account for neonatal populations 
were made to the criteria in 2013. A study involving 
the National Institutes of Health, neonatologists, 
nephrologists, pediatricians, and representatives from 
the National Institute of Diabetes and Digestive and 
Kidney Diseases led to the publication of the KDIGO 
classification for neonates19. The KDIGO criteria 
were updated to better describe AKI in newborns20 
(Table 1).

This review aims to discuss AKI in preterm 
newborns with sepsis and the workup biomarkers 
used in the diagnosis, prognosis, and follow-up of 
individuals with AKI; particular attention was given 
to non-conventional biomarkers described in recent 
literature, in order to increase the understanding and 
awareness of this condition.

conventIonal markers

Although the new criteria for AKI have been validated, 
diagnosis is still difficult, particularly in newborns. 
Diagnosis for neonates is based on two functional 
anomalies: changes in SCr (a marker of GFR) and 
oliguria, both late markers of kidney involvement21.

SCr has limitations concerning renal and non-
renal factors. Among renal factors, newborns often 
present low GFR, and the physiology of the kidneys 
develops until the age of two years22. After birth 
and depending on gestational age, a newborn’s SCr 
reflects that of its mother; changes (or the absence of 
change) in SCr might interfere with the diagnosis of 
AKI; additionally, SCr does not estimate damage, but 
glomerular function, and may take days to increase 
after the occurrence of injury23.

Interestingly, SCr levels in the general population 
may not change until 25-50% of kidney function has 
been lost21.

The non-renal factors limiting the use of SCr 
include age, sex, nutrition, muscle mass, and 
medication22.

Additionally, different methods for determining 
serum creatinine levels - Jaffe’s reaction or the 
enzymatic method - yield different SCr results21.
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Stage Serum creatinine Urine output

0 No change or increase < 0.3 mg/dL ≥ 0.5 mL/kg/h

1
Increase ≥ 0.3 mg/dL in 48 hours or ≥1.5 to 1.9 

times the reference value* ≤ 7 days
< 0.5 mL/kg/h for 6 to 12 hours

2 ≥ 2 to 2.9 times the reference value < 0.5 mL/kg/h for ≥12 hours

3
≥ 3 times the reference value or SCr ≥ 2.5 mg/dL 

or need for dialysis
< 0.3 mL/kg/h for ≥ 24 hours or anuria for ≥ 12 

hours
(*) Reference value: lowest previous creatinine level. SCr: serum creatinine. Source: Adapted from Alconcher et al., 202020.

table 1 Modified KdiGo (Kidney disease iMprovinG Global outcoMes) criteria

Limitations still exist in the measurement of urine 
output, since accuracy depends on the handling 
of the urinary catheter and a wide range of drugs, 
particularly diuretics and vasoactive amines21.

Biomarker cystatin C (CysC) is a cysteine protease 
inhibitor synthesized in every nucleated cell in the 
human body. It works as an endogenous marker 
of GFR and renal tubular disorder. CysC is freely 
filtrated in the glomeruli and is completely reabsorbed 
and not secreted. CysC excretion in urine (uCysC) has 
been associated with severe acute tubular injury24,25.

A study from China found that serum and urinary 
CysC levels in patients with sepsis and AKI were 
higher than the levels seen in patients with sepsis and 
without AKI26.

In patients with AKI, uCysC levels increase after 
serum CysC levels have increased27. Fang et al. (2018) 
found that uCysC is a sensitive marker of AKI in 
newborns and a predictor of death28.

non-tradItIonal bIomarkers

Attention has been given to finding the best early 
diagnostic biomarkers for AKI, so that interventions 
are developed and outcomes improved23. Biomarkers 
identify normal or pathogenic processes and levels 
of response to treatment without necessarily being 
involved in the process of disease, which makes 
them a valuable tool in the assessment of a patient’s 
condition. They may be used to evaluate proneness to 
a disease or detect biological anomalies, although they 
are often used in diagnosis, to measure pathologic 
conditions, or prognosticate disease development29.

Non-traditional biomarkers may be even more 
useful in assessing response to therapy. Ideally, they 
should be procured through noninvasive methods 
(such as urine collection), or with minimum impact on 
the patients (such as routine blood sampling). Efforts 
have been made to identify reliable biomarkers of 
kidney injury in serum, plasma, and urine29.

Many are the characteristics of an ideal marker 
of kidney function, of which the following can 
be cited: being filtered freely while not binding to 
macromolecules; not being reabsorbed in the kidneys 
or secreted by renal tubules; producing reliable GFR 
estimations with constant production and quick 
diffusion to extracellular sites; not degrading or being 
excreted by systems other than the kidneys; being 
detected and measured by reproducible, accurate 
laboratory techniques without the interference of 
other elements; and being affordable30.

Biomarkers may be categorized as follows: 
inflammatory markers, such as neutrophil gelatinase-
associated lipocalin (NGAL), interleukin-6 (IL-6), and 
interleukin-18 (IL-18); cell damage markers, such as 
kidney injury molecule-1 (KIM-1) and liver-type fatty 
acid binding protein (L-FABP); and cell cycle arrest 
markers, such as tissue inhibitor of metalloproteinases 
2 (TIMP2) and insulin-like growth factor-binding 
protein 7 (IGFBP7)31,32 (Figure 1).

NgAl

NGAL in its urinary form (uNGAL) originates exclusively 
from damaged distal nephron epithelial cells, while its 
serum form (sNGAL) may derive from kidney injury (by 
tubular leakage) or extrarenal organs interacting with 
the kidneys34,35. NGAL is a sensitive marker for early 
detection, accurate prediction, and risk stratification; its 
levels increase as severity of AKI increases34.

Researchers from China published a systematic 
review and meta-analysis including articles about 
the use of uNGAL and sNGAL in predicting AKI 
in patients with sepsis. Their results indicated good 
diagnostic accuracy for AKI in individuals with sepsis 
for both marker types36.

il-6

IL-6 is the most broadly studied cytokine in neonatal 
populations. It acts on early host response to 
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Figure 1. Location of each biomarker of acute kidney injury in the structure of the kidney. Source: Adapted from Malyszko et al., 201533.

infection, precedes increases in CRP, and is observed 
after tumor necrosis factor alpha (TNFα) has 
been released. IL-6 is produced in endothelial cells, 
mononuclear phagocytes, fibroblasts, ammonia, 
trophoblasts, and other cells upon stimulation with 
microbial products37.

IL-6 is a multifunctional cytokine involved in the 
regulation of immune response and inflammation. 
It is also known for its proinflammatory activity. 
IL-6 is one of the elements responsible for the onset 
and propagation of inflammatory response and 
is involved in the synthesis of some acute phase 
proteins (APPs); its levels peak about three hours 
after injury38.

il-18

IL-18 is a proinflammatory cytokine produced 
in proximal tubular epithelial cells in response 
to injury, to facilitate the synthesis of interferon 
gamma (IFNγ). After kidney injury, urinary IL-18 

(uIL-18) is secreted before there is a significant 
decrease in kidney function; it is a potential early 
marker of AKI39,40.

A study enrolling patients with multiple types 
of kidney disease showed that IL-18 levels were 
substantially increased in these individuals and that 
IL-18 was a sensitive and specific marker for acute 
tubular necrosis (ATN), indicating that it may be a 
marker of proximal tubular injury in subjects with 
ATN. The authors also described an association 
between IL-18 and AKI, since IL-18 levels were 
significantly increased before SCr increased in patients 
with acute respiratory failure/acute respiratory 
distress syndrome who developed AKI, and that IL-
18 was a good predictor of death associated with 
mechanical ventilation24.

KiM-1

Urinary kidney injury molecule-1 (uKIM-1) is 
a transmembrane glycoprotein not detected in 
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the kidneys or in healthy urine; it is a marker of 
renal tubule epithelial injury. Its urinary levels 
are a sensitive predictor of kidney involvement in 
patients with AKI and may be used as an indicator 
of poor outcome in the early screening of patients 
with kidney disease41,42.

A prospective study conducted in China included 
150 patients with sepsis and compared, among 
other parameters, the uKIM-1 levels of survivors 
and non-survivors with septic AKI. Patients with 
AKI experienced considerable uKIM-1 increases 
in six hours, with levels peaking at 24 hours and 
sustaining until 48 hours after they had been 
admitted to an ICU42. However, in individuals 
without AKI, KIM-1 remained at baseline levels at 
various times, similarly to healthy controls (0.85 
± 0.37). Non-survivors had substantially higher 
levels at 24 and 48 hours, indicating that KIM-
1 is a useful early biomarker of septic AKI and 
that persistent increases in uKIM-1 levels may be 
associated with poorer outcomes42.

l-FABP

Urinary L-FABP (uL-FABP) is a promising biomarker 
of tubulointerstitial injury. It is expressed solely in 
epithelial cells of the proximal tubules in the kidneys. 
Tubular injury caused by hypoxia increases the 
synthesis of L-FABP43.

A case-control study enrolling 27 pediatric patients 
submitted to surgery with cardiopulmonary bypass 
(CPB) described a few remarkable findings: in the 
group with AKI, SCr levels peaked at 48 h, whereas 
uL-FABP increased significantly 6 hours after CPB; 
and L-FABP levels 6 h after CPB were significantly 
associated with onset of AKI. These findings suggest 
that L-FABP is a useful biomarker in the early 
detection of AKI, since it precedes increases in SCr by 
many hours44.

tiMP-2

TIMP-2 induces cell cycle arrest at the G1 phase, a 
crucial mechanism in AKI32.

This biomarker predicts the development of 
AKI and has been validated in more than 1,000 
critically ill patients for the stratification of risk 
of injury. It has outperformed other markers 
and has been considered better for patients with 
AKI induced by sepsis, although its use has not 

been approved for individuals aged less than 21 
years32,45.

igFBP7

IGFBP7 induces cell cycle arrest at the G1 phase 
in tubular cells in response to injury; it has been 
associated with AKI32,45.

IGFBP7 is deemed a new biomarker for AKI. It has 
outperformed other biomarkers in predicting moderate 
to severe AKI within up to 12 hours of sample collection. 
IGFBP7 also appears to outperform TIMP-2 in surgery 
patients. However, its use has not been approved for 
individuals aged less than 21 years32,45.

syNdecAN-1

Syndecan-1 is a member of the transmembrane 
proteoglycan family that consistently presents 
heparan sulfate chains in its structure without cysteine 
residues46. In adult tissues, it is mostly expressed in 
simple epithelial cells, stratified cells, and plasma 
cells47.

The concept of endothelial injury as an 
early predictor of AKI was described in cases of 
leptospirosis, in which syndecan-1 levels were 
correlated with kidney endothelial glycocalyx 
damage, a finding known for its association 
with AKI48. A study in which various endothelial 
biomarkers were analyzed showed that syndecan-1, 
a biomarker of endothelial glycocalyx dysfunction, 
was strongly associated with severe AKI in critically 
ill ICU patients49.

NePhRiN

Nephrin is a transmembrane protein expressed in 
glomerular podocytes. Early podocyte structural 
alterations are characterized by detachment 
of podocytes from the glomerular basement 
membrane. These alterations may produce severe, 
continuous glomerular injury if the condition 
persists. Therefore, early recognition of podocyte 
injury is of great relevance. Urinary nephrin 
may become an important biomarker of early 
glomerular injury50.

It is unknown whether glomerular injury is induced 
in the early stages of neonatal AKI. A study with 
neonates described urinary nephrin as a maturation and 
glomerular injury biomarker significantly associated 
with development of AKI and death in NICU settings51.
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Table 2 shows a summary of the biomarker data 
presented in this review.

dIscussIon

The number of reports describing the uses of NGAL in 
diagnosing AKI has grown steadily. Nga et al. (2015) 
looked into the development of AKI secondary to 
sepsis and found that uNGAL was a great predictor of 
injury within the next 48 hours, with high sensitivity 
(> 75%) and specificity (> 65%)65.

A study enrolling 50 newborns with AKI staying 
at the NICU of the University Children’s Hospital 
of Skopje, Macedonia, analyzed the incidence, risk 
factors, and the efficacy NGAL in the early detection 
of neonatal AKI. The study confirmed the validity of 
the biomarker in the early diagnosis of AKI in severely 
ill newborns66.

NGAL - in its serum and urinary forms - is a 
promising marker with favorable results described in 
the detection and assessment of risk of AKI, which 
can also be used in cases of sepsis and neonatal AKI.

In terms of cytokines, the literature indicates that 
serum IL-6 levels may be associated with infection - 
pneumonia, bacterial peritonitis, and urinary tract 
infection (UTI) - and death and AKI in patients with 
liver cirrhosis67. In cases of neonatal sepsis, Fan and 
Yu (2012) did not recommend the isolated use of 
inflammatory markers CRP, PCT, interleukin-8 (IL-8), 
TNF-α and interleukin-1 beta (IL-1β); although IL-
6 was rated as superior in relation to the majority of 
markers, it should not be used in isolation37.

Greenberg et al. (2015) performed a multicenter 
study with 106 children aged between one month and 
18 years placed on CBP. The authors reported that 
IL-6 might predict AKI stages 2/3 before surgery and 
that it was a useful biomarker in scheduling surgery68.

Since IL-6 is present since the onset of 
inflammation, its levels increase earlier than the levels 
of other biomarkers. IL-6 has been linked to infection, 
AKI (also in newborns), and possibly neonatal sepsis.

In another study about interleukins, Chinese 
researchers analyzed 62 severely ill NICU patients 
without sepsis and showed that IL-18 was a predictor 
of AKI in this population even after adjustment for 
gestational age regardless of sex, birth weight, and 
Apgar score, with the added advantage that it does 
not decrease as the kidney matures69.

Therefore, on account of its presence in 
inflammation, association with ATN, and role in 

response to injury, IL-18 increases rapidly and may 
be seen as a potential biomarker of AKI, including in 
newborns.

A growing number of studies have investigated the 
uses of KIM-1 in the diagnosis of neonatal AKI. Genc 
et al. (2013) studied the uses of uKIM-1 in the early 
detection of AKI in 48 preterm newborns in intensive 
care70. The authors found a sensitivity of 73.3% and 
a specificity of 76.9%, and reported that increased 
uKIM-1 levels on Day 7 were associated with a 
7.3-fold increase in the risk of death. The authors 
concluded that uKIM-1 was a predictor of AKI in 
neonatal populations70.

It is clear that KIM-1 has many uses, ranging 
from the early diagnosis of AKI to patient prognosis, 
and that it can be used in neonatal populations and 
subjects with septic AKI.

In terms of L-FABP, Elnady et al. (2014) carried 
out a case-control study including 42 newborns with 
sepsis and AKI in intensive care. Their uL-FABP levels 
were significantly higher than the levels observed in 
newborns without AKI71.

Significant progress has occurred in research about 
L-FABP, particularly as the biomarker can be used in 
the early detection of AKI, since its levels increase 
before SCr levels increase. Its use has been described 
in neonatal populations.

In the area of cell cycle arrest biomarkers, Chen 
et al. (2020) quantified TIMP-2 and IGFBP-7 levels 
to assess the development of AKI in 237 newborns in 
intensive care. The combination of the two markers 
was independently associated with severe AKI, with 
a sensitivity of 88.9% and a specificity of 50.9%72.

Although TIMP-2 has not been approved for 
subjects aged less than 21 years, studies about its uses 
in neonatal populations have shown promising results 
in AKI detection.

IGFBP7 is in a similar situation. Although it has 
not been approved for neonatal use, studies have 
described its use in newborns with promising results.

Although the mechanisms tied to sepsis have 
not been entirely elucidated, it is likely that an 
association exists between glycocalyx obliteration 
and sepsis. Increased plasma syndecan-1 levels 
have been negatively correlated with survival; 
this significant correlation demonstrates that 
increased levels of glycocalyx components may be 
used as diagnostic and prognostic biomarkers in 
individuals with sepsis62,63.
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Biomarker Origin in the kidney Pros Cons

Serum creatinine Glomerulus21

SCr is the standard serum 
marker for the detection 
of AKI; very inexpensive 
and offers good chemical 

stability in clinical practice24.

It is a late marker of kidney 
involvement21 affected by age, 
sex, nutrition, muscle mass, 
medication22, and, after birth, 
neonatal SCr reflects serum 

creatinine levels present in the 
mother23.

Cystatin C
Glomeruus24 and proximal 

tubule52

It is completely reabsorbed, 
not secreted, and is not 
significantly affected by 
age, sex, ethnicity, or 

muscle mass24.

CysC is not specific enough 
to distinguish AKI from CKD; 

its levels increase in a delayed 
manner; it is considered more as a 
marker of GFR instead of primary 

AKI24,40.

NGAL Distal tubule34,35

Noninvasive; sensitive for 
accurate early detection; 
a precise predictor; good 

for risk stratification; NGAL 
increases are proportional 

to the severity of AKI34.

Plasma levels include production 
in organs other than the 

kidneys; uNGAL is affected by 
dehydration, difficulty obtaining 

samples, excessive hydration, and 
diuretics30.

IL-6 Podocytes53

This cytokine is a marker 
of early host infection 

response; its levels increase 
before CRP increases; it 

is produced by numerous 
cells37.

Supporting evidence adjusted to 
the current KDIGO criteria is still 

lacking54.

IL-18
Proximal40 and distal55 

tubules

IL-18 is a biomarker of 
ischemic AKI56; its levels 

increase before SCr 
increases24.

Expensive; also derived from 
myocardial ischemia, lung injury; 
the entire center may be required 
to use IL-18 so that cutoff values 

are established57.

KIM-1 Proximal tubule58

An early indicator or poor 
kidney outcome, KIM-1 
cannot be detected in 

healthy kidneys and urine; 
it is a sensitive predictor of 
kidney outcome in AKI41,42.

It is used inly in research and 
presents limitations in the early 
diagnosis of AKI and recovery 

monitoring after kidney injury24,40.

L-FABP Proximal tubule43

L-FABP is expressed only 
in proximal tubule epithelial 

cells; tubular injury by 
hypoxia increases the 

synthesis of this biomarker, 
making it a promising tool 
to monitor tubulointerstitial 

injury43.

There is no standardized assay 
that allows widespread clinical use 

of L-FABP40.

TIMP-2 Proximal tubule59

Outperforms all other 
biomarkers and has 

produced great results in 
sepsis-induced AKI32.

The current method is time 
consuming and the biomarker has 
not been approved for individuals 

aged less than 21 years; false 
positive results may lead to 

unnecessary, expensive testing45.

IGFBP7 Proximal tubule60

It has outperformed 
existing biomarkers as a 
predictor of AKI; it offers 

great outcomes for surgery 
patients32.

Not approved for individuals aged 
less than 21 years; false positive 
results may lead to unnecessary, 

expensive testing; the current 
method is time consuming45.

 table 2 oRigiN, PRos ANd coNs oF Acute KidNey iNjuRy BioMARKeRs
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Syndecan-1 Endothelial glycocalyx49

This biomarker of 
endothelial glycocalyx 

injury61 can be used in the 
diagnostic and prognostic 
evaluation of sepsis62,63.

Its mechanism in AKI has not been 
entirely elucidated64.

Nephrin Podocytes50

Nephrin may become an 
important biomarker of 
early glomerular injury50 

and AKI in NICU settings, 
particularly for preterm 

newborns51.

Additional clinical studies are 
needed to assess and monitor 
potential uses in the prognostic 
evaluation of pediatric patients 

with kidney disease50.

table 2. cont.

A prospective cohort study enrolling 289 patients 
aged less than 18 years and newborns submitted to 
cardiac surgery at a referral hospital in the state of 
Ceará, Brazil, showed that early postoperative plasma 
syndecan-1 levels were independently associated with 
severe AKI and longer ICU and hospital stays73.

The idea of AKI derived from endothelial injury, 
mainly that associated with endothelial glycocalyx 
damage, has gained attention and favored new studies 
involving syndecan-1, especially associated with AKI, 
including the neonatal population and in sepsis.

Reports have described nephrin as a biomarker of 
AKI in NICU settings. A study enrolling newborns 
concluded that initial urinary nephrin levels were 
higher in newborns with AKI than in newborns 
without AKI, indicating that increased nephrin 
levels might occur as a consequence of glomerular 
immaturity, particularly in preterm newborns51.

Considering the development of AKI at a glomerular 
level, nephrin has collected new indications in health 
research, leading to relevant findings in neonatal and 
other populations with AKI.

Conventional and non-conventional biomarkers 
used in the assessment of AKI present different levels 
of specificity and sensitivity. Their profiles vary in 
accordance with the testing and measurement methods, 
cutoff values, and sample storage protocols24. Peres et 
al. (2013)24 recommended a panel of non-conventional 
biomarkers to diagnose AKI, since each biomarker 
has its specificities42. More studies about biomarkers 
of AKI for preterm newborns with sepsis are needed, 
since literature on the subject is still scarce.

As studies have shown, AKI is associated with 
significant mortality. Early detection allows the 
introduction of proper treatment and the achievement 
of better outcomes, in addition to decreasing length of 
hospitalization, non-medical costs, and morbimortality5,74. 

In this context, non-traditional biomarkers (such 
as NGAL, IL-6, IL-18, KIM-1, L-FABP, TIMP-2, 
IGFBP7, syndecan-1, and nephrin) have a relevant 
role to play in the early detection of AKI in preterm 
newborns with sepsis and in the prevention of CKD 
and death, in addition to mitigating impacts on the 
healthcare system.

conclusIon

AKI is a common condition in neonatal intensive care 
units. It is a multifactorial disease that has sepsis as 
one of its leading causes, particularly in newborns. 
AKI is associated with increased mortality. Due to 
the limitations present in conventional markers, non-
traditional biomarkers (such as NGAL, IL-6, IL-18, 
KIM-1, L-FABP, TIMP-2, IGFBP7, syndecan-1, and 
nephrin) have become a necessity in the early diagnosis 
of AKI in newborns with sepsis, so that death rates, 
length of hospitalization, and the incidence of future 
complications are decreased.

acknowledgements

We would like to thank the professionals who 
provided the technical support needed during the 
development of this review. Lemes, R. P. G., Junior, G. 
B. S., Daher, E. F. and Martins, A. M. C. are holders 
of scholarships granted by the National Council for 
Scientific and Technological Development (CNPq) 
and the Coordination for the Improvement of Higher 
Education Personnel (CAPES).

authors' contrIbutIon

JSB, GBSJ, GCM, AMCM, EDFD, RPGM, and RPGL 
contributed substantially in the design of this study; 
data collection, analysis, and interpretation; writing 
and reviewing the manuscript; and in the approval of 
the final version of the manuscript sent for publication.



 Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(1):97-108

Biomarkers of kidney injury in newborns

105

conflIct of Interest

The authors have no conflict of interest to declare.

references

 1. Jetton JG, Askenazi DJ. Acute kidney injury in the 
neonate. Clin Perinatol [Internet]. 2014; [citado 2019 
Nov 14]; 41(3):487-502. Available from: https://
w w w. s c i e n c e d i r e c t . c o m / s c i e n c e / a r t i c l e / a b s / p i i /
S0095510814000414?via%3Dihub 

 2. Libório AB, Branco KMPC, Bezerra CTM. Acute kidney 
injury in neonates: from urine output to new biomarkers. 
Biomed Res Int [Internet]. 2014; [citado 2019 Nov 14]; 
2014:601568. Available from: https://www.hindawi.com/
journals/bmri/2014/601568/ 

 3. Cleto-Yamane TL, Gomes CLR, Suassuna JHR, Nogueira 
PK. Acute kidney injury epidemiology in pediatrics. Braz J 
Nephrol [Internet]. 2019; [citado 2019 Nov 14]; 41(2):275-
83. Available from: http://www.scielo.br/pdf/jbn/v41n2/
pt_2175-8239-jbn-2018-0127.pdf 

 4. Cao Y, Yi ZW, Zhang H, Dang XQ, Wu XC, Huang AW. 
Etiology and outcomes of acute kidney injury in Chinese 
children: a prospective multicentre investigation. BMC 
Urol [Internet]. 2013; [citado 2019 Nov 14]; 13:41. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3850083/ 

 5. Timovska SN, Cekovska S, Tosheska-Trajkovska T. Acute 
kidney injury in newborns. Pril [Internet]. 2015; [citado 
2019 Nov 14]; 36(3):83-89. Available from: https://www.
sciendo.com/article/10.1515/prilozi-2015-0082 

 6. Neumayr TM, Gill J, Fitzerald JC, Gazit AZ, Pineda JA, Berg 
RA, et al. Identifying risk for acute kidney injury in infants 
and children following cardiac arrest. Pediatr Crit Care 
Med. 2017 Out; [citado 2021 Ago 13]; 18(10):e446-e54. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5628129/pdf/nihms888580.pdf 

 7. Sociedade Brasileira de Pediatria (SBP). Documento 
Científico. Departamento Científico de Neonatologia. 
Prevenção da prematuridade: uma intervenção da gestão e 
da assistência [Internet]. Rio de Janeiro: SBP; 2017; [acesso 
em 2019 Nov 17]; 2:1-6. Available from: https://www.
sbp.com.br/fileadmin/user_upload/20399b-DocCient_-_
Prevencao_da_prematuridade.pdf 

 8. Kaddourah A, Basu RK, Bagshaw SM, Goldstein SL, 
AWARE Investigators. Epidemiology of acute kidney injury 
in critically ill children and young adults. N Engl J Med 
[Internet]. 2017 Jan; [citado 2019 Nov 14]; 376(1):11-
20. Available from: https://www-ncbi-nlm-nih-gov.ez11.
periodicos.capes.gov.br/pmc/articles/PMC 5322803/ 

 9. Youssef D, Abd-Elrahman H, Shehab MM, Abd-Elrheem 
M. Incidence of acute kidney injury in the neonatal intensive 
care unit. Saudi J Kidney Dis Transpl [Internet]. 2015 jAN; 
[citado 2019 Nov 14]; 26(1):67-72. Available from: https://
www.sjkdt.org/article.asp?issn=1319-2442;year=2015;volu
me=26;issue=1;spage=67;epage=72;aulast=Youssef 

10. Russell ARB. Neonatal sepsis. J Paediatr Chil Health [Internet]. 
2011; [citado 2019 Nov 16]; 21(6):265-9. Available from: 
https://www.paediatricsandchildhealthjournal.co.uk/article/
S1751-7222(10)00257-X/fulltext 

11. Camacho-Gonzalez A, Spearman PW, Stoll BJ. Neonatal 
infectious diseases: evaluation of neonatal sepsis. Pediatr 
Clin North Am [Internet]. 2013; [citado 2019 Nov 16]; 
60(2):367-89. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4405627/pdf/nihms673184.pdf

12. Silveira RC, Procianoy RS. A recent review on neonatal 
sepsis. Bol Cient Pediatr [Internet]. 2012; [citado 2019 Nov 

15]; 1(1):29-35. Available from: https://www.sprs.com.br/
sprs2013/bancoimg/131210152124bcped_12_01_06.pdf

13. Ritchie K, Bora S, Woodward LJ. Social development of 
children born very preterm: a systematic review. Dev Med 
Child Neurol [Internet]. 2015 Out; [citado 2021 Ago 14]; 
57(10):899-918. Available from: https://onlinelibrary.wiley.
com/doi/10.1111/dmcn.12783 

14. Simonsen KA, Anderson-Berry AL, Delair SF, Daviesa HD. 
Early-onset neonatal sepsis. Clin Microbiol Rev [Internet]. 
2014; [citado 2019 Nov 17]; 27(1):21-47. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3910904/
pdf/zcm21.pdf 

15. Izquierdo-Garcia JL, Nin N, Cardinal-Fernandez P, Rojas 
Y, Paula M, Granados R, et al. Identification of novel 
metabolomic biomarkers in an experimental model of septic 
acute kidney injury. Am J Physiol Renal Physiol [Internet]. 
2019; [citado 2020 Out 10]; 316(1):F54-F62. Available 
from: https://journals.physiology.org/doi/full/10.1152/
ajprenal.00315.2018 

16. Schreuder MF, Bueters RRG, Allegaert K. The interplay 
between drugs and the kidney in premature neonates. 
Pediatr Nephrol. 2014; [citado 2021 Ago 14]; 29:2083-
91. Available from: https://link.springer.com/content/
pdf/10.1007/s00467-013-2651-0.pdf

17. Levi TM, Souza SP, Magalhães JG, Carvalho MS, Cunha 
ALB, Dantas JGAO, et al. Comparison of the RIFLE, AKIN 
and KDIGO criteria to predict mortality in critically ill 
patients. Rev Bras Ter Intensiva [Internet]. 2013; [citado 
2019 Nov 16]; 25(4):290-6. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4031880/pdf/rbti-25-
040290.pdf 

18. Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann 
EA, Goldstein SL, et al. Kidney disease: improving global 
outcomes (KDIGO) Acute Kidney Injury Work Group 
KDIGO clinical practice guideline for acute kidney injury. 
Kidney Int Suppl [Internet]. 2012; [citado 2019 Nov 14]; 
2(1):1-138. Available from: https://experts.umn.edu/en/
publications/kidney-disease-improving-global-outcomes-
kdigo-acute-kidney-injur 

19. Askenazi DJ, Morgan C, Goldstein SL, Selewski DT, 
Moxey-Mims MM, Kimmel PL, et al. Strategies to improve 
the understanding of long-term renal consequences after 
neonatal acute kidney injury. Pediatr Res [Internet]. 2016; 
[citado 2019 Set 03]; 79(3):502-8. Available from: https://
www.nature.com/articles/pr2015241.pdf 

20. Alconcher LF, Caminiti AL, Suárez AC, Chervo LAG, 
Baigorri JO, Ratto VM, et al. Consenso de lesión renal 
aguda em el recién nacido. Arch Argent Pediatr [Internet]. 
2020; [citado 2020 Set 04]; 118(1):S50-S58. Available from: 
https://www.sap.org.ar/uploads/consensos/consensos_
consenso-de-lesion-renal-agudaen-el-recien-nacido-98.pdf 

21. Freire KMS, Bersolin NL, Farah ACF, Carvalho FLC, 
Góes JEC. Acute kidney injury in children: incidence and 
prognostic factors in critically ill patients. Rev Bras Ter 
Intensiva [Internet]. 2010 Jun; [citado 2019 Nov 17]; 
22(2):166-74. Available from: http://www.scielo.br/scielo.
php?script=sci_arttext&pid=S0103507X2010000200011&
lng=en&nrm=iso 

22. Ciccia E, Devarajan P. Pediatric acute kidney injury: 
prevalence, impact and management challenges. Int J 
Nephrol Renovasc Dis [Internet]. 2017; [citado 2019 Nov 
15]; 10:77-84. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC5386613/pdf/ijnrd-10-077.pdf 

23. Jetton JG, Askenazi DJ. Update on acute kidney injury in 
the neonate. Curr Opin Pediatr [Internet]. 2012 Abr; [citado 
2019 Nov 14]; 24(2):191-6. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC5545784/

24. Peres LAB, Cunha Júnior AD, Schäfer AJ, Silva AL, Gaspar 
AD, Scarpari DF, et al. Biomarkers of acute kidney injury. 



 Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(1):97-108

Biomarkers of kidney injury in newborns

106

J Bras Nefrol [Internet]. 2013 Set; [citado 2019 Nov 16]; 
35(3):229-36. Available from: http://www.scielo.br/pdf/jbn/
v35n3/en_ v35n3a10.pdf 

25. Allegaert K, Mekahli D, Van Den Anker J. Cystatin C 
in newborns: a promising renal biomarker in search for 
standardization and validation. J Matern Fetal Neonatal 
Med [Internet]. 2015; [citado 2020 Out 10]; 28(15):1833-8. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4757591/ 

26. Dai X, Zeng Z, Fu C, Zhang S, Cai Y, Chen Z. Diagnostic 
value of neutrophil gelatinase-associated lipocalin, cystatin 
C, and soluble triggering receptor expressed on myeloid 
cells-1 in critically ill patients with sepsis-associated acute 
kidney injury. Crit Care [Internet]. 2015; [citado 2020 
Out 10]; 19(1):223. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4449565/pdf/13054_2015_
Article_94.pdf  

27. Nakhjavan-Shahraki B, Yousefifard M, Ataei N, Baikpour 
M, Ataei F, Bazargani B, et al. Accuracy of cystatin C in 
prediction of acute kidney injury in children; serum or urine 
levels: which one works better? A systematic review and 
meta-analysis. BMC Nephrol [Internet]. 2017; [citado 2020 
Out 10]; 18(120):1-13. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC5379579/

28.  Fang F, Hu X, Dai X, Wang S, Bai Z, Chen J, et al. 
Subclinical acute kidney injury is associated with adverse 
outcomes in critically ill neonates and children. Crit Care 
[Internet]. 2018; [citado 2020 Out 10]; 22(1):256. Available 
from: https://ccforum.biomedcentral.com/articles/10.1186/
s13054-018-2193-8 

29. Tesch GH. Review: serum and urine biomarkers of kidney 
disease: a pathophysiological perspective. Nephrology 
(Carlton) [Internet]. 2010 Set; [citado 2019 Nov 19]; 
15(6):609-16. Available from: https://onlinelibrary.wiley.
com/doi/10.1111/j.1440-1797.2010.01361.x 

30. Dusse LMS, Rios DRA, Sousa LPN, Moraes RMMS, 
Domingueti CP, Gomes KB. Biomarkers of renal function: 
what is currently available? RBAC [Internet]. 2017; [citado 
2019 Nov 19]; 49(1):41-51. Available from: http://www.
rbac.org.br/wp-content/uploads/2017/06/RBAC-1-2017-
ref.-427.pdf 

31. Endre ZH. Assessing renal recovery after acute kidney 
injury: can biomarkers help? Nephron [Internet]. 2018 Mai; 
[citado 2019 Nov 19]; 140:86-9. Available from: https://
www.karger.com/Article/Pdf/492290 

32. Kashani K, Al-Khafaji A, Ardiles T, Artigas A, Bagshaw 
SM, Bell M, et al. Discovery and validation of cell cycle 
arrest biomarkers in human acute kidney injury. Crit 
Care [Internet]. 2013; [citado 2021 Ago 12]; 17(1):R25. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4057242/pdf/cc12503.pdf 

33. Malyszko J, Lukaszyk E, Glowinska I, Durlik M. Biomarkers 
of delayed graft function as a form of acute kidney injury 
in kidney transplantation. Sci Rep [Internet]. 2015; [citado 
2021 Ago 14]; 5:11684. Available from: https://www.
nature.com/articles/srep11684.pdf 

34. Devarajan P. NGAL for the detection of acute kidney injury 
in the emergency room. Biomark Med [Internet]. 2014 Fev; 
[citado 2020 Out 10]; 8(2):217-9. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4106139/pdf/
nihms-613137.pdf 

35. Zappitelli M, Greenberg JH, Coca SG, Krawczeski CD, Li 
S, Thiessen-Philbrook HR, et al. Association of definition of 
acute kidney injury by cystatin C rise with biomarkers and 
clinical outcomes in children undergoing cardiac surgery. 
JAMA Pediatr [Internet]. 2015; [citado 2020 Out 10]; 
169(6):583-91. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4506750/ 

36. Zhang A, Cai Y, Wang P, Qu J, Luo Z, Chen X, et 
al. Diagnosis and prognosis of neutrophil gelatinase-
associated lipocalin for acute kidney injury with sepsis: a 

systematic review and meta-analysis. Crit Care [Internet]. 
2016; [citado 2020 Out 10]; 20(41):1-13. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4754917/
pdf/13054_2016_Article_1212.pdf 

37. Fan Y, Yu JL. Umbilical blood biomarkers for predicting 
early-onset neonatal sepsis. World J Pediatr [Internet]. 
2012; [citado 2019 Nov 17]; 8(2):101-8. Available from: 
https://link-springer-com.ez11.periodicos.capes.gov.br/
content/pdf/10.1007%2Fs12519-012-0347-3.pdf

38. Costet J. Inflammatory response to naturally occuring tiger 
snake envenomation in dogs, with a special emphasis on 
il-6 [these] [Internet]. Nice: Médecine vétérinaire, Ecole 
Nationale Vétérinaire de Toulouse – ENVT; 2016; [acesso 
em 2020 Nov 17]. Available from: https://oatao.univ-
toulouse.fr/17534/1/Costet_17534.pdf 

39. Yasuda K, Nakanishi K, Tsutsui H. Interleukin-18 in health 
and disease. Int J Mol Sci [Internet]. 2019 Fev; [citado 2021 
Ago 13]; 20(3):649. Available from: https://pubmed.ncbi.
nlm.nih.gov/30717382/ 

40. Slocum JL, Heung M, Pennathur S. Marking renal injury: 
can we move beyond serum creatinine? Transl Res 
[Internet]. 2012 Abr; [citado 2021 Ago 13]; 159(4):277-89. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3308350/pdf/nihms360231.pdf 

41. Xie Y, Wang Q, Wang C, Qi C, Ni Z, Mou S. High urinary 
excretion of kidney injury molecule-1 predicts adverse 
outcomes in acute kidney injury: a case control study. Crit 
Care [Internet]. 2016; [citado 2019 Nov 17]; 20:1-12. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5018198/pdf/130542016_Article_1455.pdf

42. Tu Y, Wang H, Sun R, Ni Y, Ma L, Xv F, et al. Urinary 
netrin-1 and KIM-1 as early biomarkers for septic acute 
kidney injury. Ren Fail [Internet]. 2014 Nov; [citado 2019 
Nov 16]; 36(10):1559-63. Available from: https://www.
tandfonline.com/doi/full/10.3109/0886022X.2014.949764 

43. Noiri E, Doi K, Negishi K, Tanaka T, Hamasaki Y, 
Fujita T, et al. Urinary fatty acid-binding protein 1: an 
early predictive biomarker of kidney injury. Am J Physiol 
Renal Physiol [Internet]. 2009 Nov; [citado 2021 Ago 13]; 
296:F669-F79. Available from: https://journals.physiology.
org/doi/pdf/10.1152/ajprenal.90513.2008 

44. Ivanišević I, Peco-Antić A, Vuličević I, Hercog D, 
Milovanović V, Kotur-Stevuljević J, et al. L-FABP can 
be an early marker of acute kidney injury in children. 
Pediatr Nephrol [Internet]. 2013 Fev; [citado 2021 Ago 
13]; 28:963-9. Available from: https://link.springer.com/
content/pdf/10.1007/s00467-013-2421-z.pdf 

45. Vijayan A, Faubel S, Askenazi DJ, Cerda J, Fissell WH, Heung 
M, et al. Clinical use of the urine biomarker [TIMP-2] × 
[IGFBP7] for acute kidney injury risk assessment. Am J Kidney 
Dis [Internet]. 2016 Jul; [citado 2021 Ago 13]; 68(1):19-28. 
Available from: https://pubmed.ncbi.nlm.nih.gov/26948834/ 

46. Lopes CC, Dietrich CP, Nader HB. Specific structural 
features of syndecans and heparan sulfate chains are 
needed for cell signaling. Braz J Med Biol Res [Internet]. 
2006; [citado 2021 Ago 09]; 39(2):157-67. Available from: 
https://old.scielo.br/pdf/bjmbr/v39n2/v39n2a01.pdf 

47. Teng YH, Aquino RS, Park PW. Molecular functions of 
syndecan-1 in disease. Matrix Biol [Internet]. 2012 Jan; 
[citado 2021 Ago 09]; 31(1):3-16. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC3568394/pdf/
nihms332081.pdf 

48. Liborio AB, Braz MBM, Seguro AC, Meneses GC, Neves FMO, 
Pedrosa DC, et al. Endothelial glycocalyx damage is associated with 
leptospirosis acute kidney injury. Am J Trop Med Hyg [Internet]. 
2015 Mar; [citado 2019 Nov 17]; 92(3):611-6. Available from: 
https://pubmed.ncbi.nlm.nih.gov/25624405/ 

49. Neves FMO, Araújo CB, Freitas DF, Arruda BFT, Filho 
LJMM, Salles VB, et al. Fibroblast growth factor 23, 
endothelium biomarkers and acute kidney injury in 
critically-ill patients. J Transl Med [Internet]. 2019; [citado 



 Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(1):97-108

Biomarkers of kidney injury in newborns

107

2019 Nov 17]; 17(1):121. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC6458699/pdf/12967_ 
2019_Article_1875.pdf

50. Kandasamy Y, Smith R, Lumbers ER, Rudd D. Nephrin – a 
biomarker of early glomerular injury. Biomark Res [Internet]. 
2014; [citado 2019 Nov 17]; 2:21. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4363192/ 

51. Chen J, Li G, Wang S, Hu X, Sun Y, Dai X, et al. Urinary 
nephrin as a biomarker of glomerular maturation and injury 
is associated with acute kidney injury and mortality in 
critically ill neonates. Neonatology [Internet]. 2019; [citado 
2019 Nov 15]; 116:58-66. Available from: https://relaped.
com/wp-content/uploads/2019/07/CHEN-2019.pdf 

52. Ghys L, Paepe D, Smets P, Lefebvre H, Delanghe J, Daminet 
S. Cystatin C: a new renal marker and its potential use in 
small animal medicine. J Vet Intern Med [Internet]. 2014; 
[citado 2021 Ago 13]; 28:1152-64. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4857948/pdf/
JVIM-281152.pdf

53. Su H, Lei C, Zhang C. Interleukin-6 signaling pathway 
and its role in kidney disease: an update. Front Immunol 
[Internet]. 2017; [citado 2021 Ago 14]; 8:405. Available 
from: https://www.frontiersin.org/articles/10.3389/
fimmu.2017.00405/full 

54. Shimazui T, Nakada T, Tateishi Y, Oshima T, Aizimu T, 
Oda S. Association between serum levels of interleukin-6 
on ICU admission and subsequent outcomes in critically ill 
patients with acute kidney injury. BMC Nephrol [Internet]. 
2019; [citado 2021 Ago 13]; 20:74. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6397495/
pdf/12882_2019_Article_1265.pdf

55. Gauer S, Sichler O, Obermuller N, Holzmann Y, Kiss E, 
Sobkowiak E, et al. IL-18 is expressed in the intercalated 
cell of human kidney. Kidney Int [Internet]. 2007; [citado 
2021 Ago 13]; 72:1081-7. Available from: https://
www.k idney- in ternat iona l .org /ac t ion / showPdf?p i i
=S00852538%2815%2952796-8   

56. Edelstein CL. Biomarkers of acute kidney injury. Adv 
Chronic Kidney Dis [Internet]. 2008 Jul; [citado 2021 Ago 
13]; 15(3):222-34. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3287955/pdf/nihms-200858.pdf 

57. Lin X, Yuan J, Zhao Y, Zhao Y. Urine interleukin-18 in 
prediction of acute kidney injury: a systemic review and 
meta-analysis. J Nephrol [Internet]. 2015; [citado 2021 Ago 
13]; 28:7-16. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4322238/pdf/40620_2014_Article_113.
pdf 

58. Bonventre JV. Kidney injury molecule-1 (KIM-1): a urinary 
biomarker and much more. Nephrol Dial Transplant 
[Internet]. 2009 Mar; [citado 2021 Ago 13]; 24(11):3265-
8. Available from: https://academic.oup.com/ndt/
article/24/11/3265/1942806 

59. Knafl D, Müller M, Pajenda S, Genc Z, Hecking M, 
Wagner L. The urine biomarker panel [IGFBP7]x[TIMP-2] 
(NephroCheck® parameter) does not correlate with IGFBP7 
and TIMP-2 gene expression in urinary sediment. PloS 
One. 2017;12(11):e0188316. DOI: https://doi.org/10.1371/
journal.pone.0188316

60. Emlet DR, Pastor-Soler N, Marciszyn A, Wen X, Gomez H, 
Humphries WH, et al. Insulin-like growth factor binding 
protein 7 and tissue inhibitor of metalloproteinases-2: 
differential expression and secretion in human kidney tubule 

cells. Am J Physiol Renal Physiol [Internet]. 2017 FEv; [citado 
2021 Ago 13]; 312(2):F284-F96. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC5336590/?report=printable

61. Oda K, Okada H, Suzuki A, Tomita H, Kobayashi R, Sumi K, 
et al. Factors enhancing serum syndecan-1 concentrations: 
a large-scale comprehensive medical examination. J Clin 
Med [Internet]. 2019; [citado 2021 Ago 09]; 8:1320. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6780947/pdf/jcm-08-01320.pdf 

62. Uchimido R, Schmidt EP, Shapiro NI. The glycocalyx: 
a novel diagnostic and therapeutic target in sepsis. Crit 
Care [Internet]. 2019; [citado 2019 Nov 17]; 23:16. 
Available from: https://ccforum.biomedcentral.com/track/
pdf/10.1186/s13054-018-2292-6

63. Becker BF, Jacob M, Leipert S, Salmon AHJ, Chappell 
D. Degradation of the endothelial glycocalyx in clinical 
settings: searching for the sheddases. Br J Clin Pharmacol 
[Internet]. 2015; [citado 2019 Nov 17]; 80(3):389-402. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4574825/pdf/bcp0080-0389.pdf 

64. Qin L, Xue F, Yin F, Zhao J, Zhang K. Expression of 
syndecan-1, PKC and VEGF in rats with acute kidney injury 
and correlation between syndecan-1 and renal function. 
Eur Rev Med Pharmacol Sci [Internet]. 2020; [citado 2021 
Ago 13]; 24:12794-801. Available from: https://www.
europeanreview.org/wp/wp-content/uploads/12794-12801.
pdf 

65. Nga HS, Medeiros P, Menezes P, Bridi R, Balbi A, Ponce D. 
Sepsis and AKI in clinical emergency room patients: the role 
of urinary NGAL. BioMed Res Int [Internet]. 2015; [citado 
2021 Fev 22]; 413751:1-8. Available from: https://downloads.
hindawi.com/journals/bmri/2015/413751.pdf

66. Naunova-Timovska S, Cekovska S, Sahpazova E, Tasić 
V. Neutrophil gelatinase-associated lipocalin as an early 
biomarker of acute kidney injury in newborns. Acta 
Clin Croat [Internet]. 2020 Mar; [citado 2021 Ago 18]; 
59(1):55-62. Available from: https://pubmed.ncbi.nlm.nih.
gov/32724275/

67. Vilela EG, Pinheiro CS, Saturnino SF, Gomes CGO, 
Nascimento VC, Andrade MVM. Evaluation of the behavior 
of levels of Hmgb1 and Il6 as predictors of infection, 
acute kidney injury and mortality in cirrhotic patients 
with variceal bleeding. Arq Gastroenterol [Internet]. 2018 
Out/Dez; [citado 2019 Nov 17]; 55(4):338-42. Available 
from: http://www.scielo.br/pdf/ag/v55n4/1678-4219-
ag-55-04-338.pdf

68. Greenberg JH, Whitlock R, Zhang WR, Thiessen-Philbrook 
HR, Zappitelli M, Devarajan P, et al. Interleukin-6 and 
interleukin-10 as acute kidney injury biomarkers after pediatric 
cardiac surgery. Pediatr Nephrol [Internet]. 2015; [citado 2021 
Ago 18]; 30(9):1519-27. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4537680/ 

69. Li Y, Fu C, Zhou X, Xiao Z, Zhu X, Jin M, et al. Urine 
interleukin-18 and cystatin-C as biomarkers of acute kidney 
injury in critically ill neonates. Pediatr Nephrol [Internet]. 2012 
Mai; [citado 2021 Ago 18]; 27(5):851-60. Available from: https://
www-ncbi-nlm-nih.ez11.periodicos.capes.gov.br/pmc/articles/
PMC33156 40/pdf/467_2011_Article_2072.pdf

70. Genc G, Ozkaya O, Avci B, Aygun C, Kucukoduk S. 
Kidney injury molecule-1 as a promising biomarker for 
acute kidney injury in premature babies. Am J Perinatol 
[Internet]. 2013; [citado 2019 Nov 17]; 30(3):245-52. 



 Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(1):97-108

Biomarkers of kidney injury in newborns

108

Available from: https://www.thieme-connect.com/products/
ejournals/abstract/10.1055/s-0032-1323587

71. Elnadya HG, Abdalmoneamc N, Shadya MMA, Hassanaina 
AI, Ibraheimc RAM, Raoufb HA. Urinary liver-type fatty 
acid-binding protein for early detection of acute kidney 
injury in neonatal sepsis. Med Res J [Internet]. 2014 Jun; 
[citado 2021 Ago 18]; 13(1):21-6. Available from: https://
www.researchgate.net/publication/272573128_Urinary_
liver-type_fatty_acid-binding_protein_for_early_detection_
of_acute_kidney_injury_in_neonatal_sepsis 

72. Chen J, Sun Y, Wang S, Dai X, Huang H, Bai Z, et al. The 
effectiveness of urinary TIMP-2 and IGFBP-7 in predicting acute 
kidney injury in critically ill neonates. Pediatr Res [Internet]. 2020; 

[citado 2021 Ago 18]; 87:1052-9. Available from: https://www.
nature.com/articles/s41390-019-0698-8.pdf 

73. Cavalcante CTMB, Branco KMC, Pinto Junior VC, Meneses GC, 
Neves FMO, Souza NMG, et al. Syndecan-1 improves severe acute 
kidney injury prediction after pediatric cardiac surgery. J Thorac 
Cardiovasc Surg [Internet]. 2016 Jul; [citado 2021 Ago 18]; 
152(1):178-86.e2. Available from: https://www.jtcvs.org/article/
S0022-5223(16)30102-7/fulltext 

74. Uwaezuoke SN. Acute kidney injury in children: enhancing 
diagnosis with novel biomarkers. J Acute Dis [Internet]. 2016 Jul; 
[citado 2019 Nov 16]; 5(4):267-70. Available from: https://www.
sciencedirect.com/science/article/pii/S2221618916300579


