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ABSTRACT

Introduction: Acute kidney injury (AKI) is defined as an abrupt decrease in the glomerular filtration rate in a short period of days or hours.
Due to the limitations of current renal markers, several studies have sought to determine new markers for the early detection of AKI. Objective:
To evaluate the effectiveness of novel biomarkers in diagnosing AKI in critically ill patients. Methods: Systematic literature review carried out
using the MEDLINE databases via PubMed and Scielo. Observational original articles of the last five years that presented the most current and
available evidence on novel biomarkers of AKI, were included. The search for references was limited to studies published in Portuguese and
English. The keywords used were acute kidney injury, biomarkers, and intensive care units and their respective translations into Portuguese.
Results: 155 articles were identified, of which 19 were included in this review. The neutrophil gelatinase-associated lipocalin (NGAL) showed
superiority in relation to serum creatinine in AKT due to its rapid elevation regarding the injury. The serum and urine fractions of kidney injury
molecule-1 (KIM-1) have a good predictive value for AKI, but they are not useful for estimating the severity of the injury. The product between
tissue inhibitor of metalloproteinases 2 (TIMP-2) and insulin-like growth factor-binding protein 7 (IGFBP7) proved to be superior to other
biomarkers in the AKI diagnosis. Cystatin C is less influenced by individual parameters compared to serum creatinine. Discussion: Several
studies prove the effectiveness of the main markers in the early diagnosis of AKI and in predicting the outcome of the disease in critically ill
patients. The combination of markers can increase the predictive value for the AKI diagnosis.
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RESUMO

Introdugdo: A injiiria renal aguda (IRA) é definida como redugdo abrupta da taxa de filtracao glomerular em um curto periodo
de dias ou horas. Em razdo das limitacoes dos marcadores renais atuais, diversos estudos buscam determinar novos marcadores
para a deleccdo precoce da IRA. Objetivo: Avaliar a eficdcia dos novos biomarcadores no diagnostico de IRA em pacientes criticos.
Métodos: Revisdo sistemdtica da literatura realizada por meio das bases de dados MEDLINE via PubMed e Scielo. Foram incluidos
artigos originais observacionais dos wltimos cinco anos que apresentassem as evidéncias disponiveis e mais atuais sobre novos
biomarcadores da injtiria renal. A busca de referéncias se limitou a estudos publicados em lingua portuguesa e lingua inglesa.
Os descritores utilizados foram injiiria renal aguda, biomarcadores e unidades de terapia intensiva e suas respectivas traducoes
em lingua inglesa. Resultados: Foram identificados 155 artigos, sendo 19 incluidos nesta revisio. A neutrophil gelatinase associated
lipocalin (NGAL) demonstrou superioridade em relacdo a creatinina sérica na IRA por sua rdpida elevacdo frente ao insulto.
As fragoes sérica e urindria de kidney injury molecule-1 (KIM-1) possuem bom valor preditivo para IRA, mas ndo sio titeis para
estimar a gravidade da injiiria. O produto entre tissue inbibitor of metalloproteinases 2 (TIMP-2) e insulin-like growth factor-binding
protein 7 (IGFBP7) demonstrou ser superior a outros biomarcadores no diagndstico da IRA. A cistatina C é menos influenciada
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por parametros individuais se comparada com a creatinina sérica. Discussdo: Diversos estudos comprovam a eficdcia dos
principais marcadores no diagndstico precoce da IRA e na predicdo do desfecho da doenca em pacientes criticos. A combinacdo
entre marcadores pode ampliar o valor preditivo para o diagnistico da IRA.

Unitermos: lesdo renal aguda, biomarcadores; unidades de terapia intensiva; cuidados criticos; nefrologia.

RESUMEN

Introduccion: La insuficiencia renal aguda (IRA) se define como una reduccion abrupla de la lasa de filtracion glomerular en un
Dperiodo corto de dias u horas. Debido a las limitaciones de los marcadores renales actuales, varios estudios han buscado determinar
nuevos marcadores para la deteccion precoz de la IRA. Objetivo: Evaluar la efectividad de nuevos biomarcadores en el diagndstico
de IRA en pacientes criticos. Métodos: Revision sistemditica de la literatura utilizando las bases de datos MEDLINE a través de PubMed
Y SCiELO. Se incluyeron articulos observacionales originales de los diltimos cinco arios que presentaban la evidencia mas actual y
disponible sobre nuevos biomarcadores de IRA. La biisqueda de referencias se limito a estudios publicados en portugués e inglés. Los
descriptores utilizados fueron: acute kidney injury, biomarkers y inlensive care unils y sus respectivas traducciones al portugués.
Resultados: Se identificaron 155 articulos, de los cuales 19 fueron incluidos en esta revision. La lipocalina asociada a la gelatinasa
de neutrdfilos (NGAL) mosiro superioridad en relacion con la creatinina sérica en la IRA debido a su rdpido aumento con respecto a
la lesion. Las fracciones de suero y orina de la molécula-1 de lesion renal (KIM-1) tienen un buen valor predictivo de IRA, pero no son
titiles para estimar la gravedad de la lesion. El producto entre el inhibidor tisular de la metaloproteinasa-2 (TIMP-2) y la proteina-7 de
union al factor de crecimiento similar a la insulina (IGEBP7) demostré ser superior a otros biomarcadores en el diagnostico de IRA. La
cistatina C estd menos influenciada por los pardametros individuales en comparacion con la creatinina en suero. Discusion. Diversos
estudios demuestran la efectividad de los principales marcadores en el diagnostico precoz de la IRA y en la prediccion de la evolucion
de la enfermedad en pacientes criticos. La combinacion de marcadores puede aumentar el valor predictivo para el diagnastico de IRA.

Palabras clave: insuficiencia renal aguda,; biomarcadores; unidades de cuidados intensivos; cuidado critico; nefrologia.

INTRODUCTION (KDIGO) group, which is based on serum creatinine (sCr) levels
and urine output. This criterion defines the AKI as an increase in

Acute Kidney injury (AKI) is defined as an abrupt decrease in creatinine value by > 0.3 mg/dl in 48 hours, a 50% increase in sCr

the glomerular filtration rate (GFR) in a short period of days or
hours. It represents a decrease in the renal excretion function and,
consequently, the retention of nitrogenous waste and other products Despite its low cost and easy laboratory application, creatinine
that, under normal conditions, would be physiologically eliminated ~ measurement has limitations that prevent it from being a
by the kidneys”. AKT is known for its multifactorial etiology and  good marker for the early identification of AKI, mainly due
among its main causes are sepsis, major surgery, cardiogenic shock,  to the fact that the changes in its levels occur later in relation to
hypovolemia, and drug-induced nephrotoxic insults®. renal injury®. The time between kidney damage and creatinine

The AKI incidence represents approximately % of all patients elevation can vary between two days and one week. Furthermore,
admitted to intensive care units (ICU) and about 10% of hospital for minimal sCr increase, it may be necessary to reduce GFR
admissions®. Therefore, AKI is presented as a relevant public by 50% of normal renal function. Moreover, some factors can
health problem worldwide, associated not only with an increase in  interfere with creatinine levels without causing kidney damage,
morbidity and mortality but with an increase in the time and costs ~ such as ethnicity, meat consumption, medication use, sepsis, and
of hospitalization®. liver diseases®.

compared to baseline in seven days, or a reduction in urine output
to < 0.5 ml/kg/h for a period longer than six hours®.

The most commonly used AKI classification is currently In hospitalized patients, oliguria presents with relative
defined by the Kidney Disease: Improving Global Outcomes  sensitivity and low specificity for AKI. Clinical conditions, such
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as transient hemodynamic instability, can lead to decreased
diuresis without necessarily denoting acute kidney injury. Besides,
the kidneys may be in a harmful process with not necessarily
presenting oliguria®. Urine output can also be interfered with by
the use of diuretics, medications commonly used in critically ill
patients'”.

Due to these limitations, several studies have sought to
determine new markers for the early detection of AKI. Among the
main biomarkers studied are: neutrophil gelatinase associated
lipocalin (NGAL), kidney injury molecule-1 (KIM-1), tissue
inhibitor of metalloproteinases 2 (TIMP-2), insulin-like growth
factor-binding protein 7 (IGFBP7), and cystatin C. The assessment
of the general ability of one of these biomarkers to predict AKI
is usually performed using the following tools: receiver operating
characteristic (ROC curve) and area under the curve (AUC). It is
understood that markers with higher AUC values also have greater
predictive value for AKI"V.

This study aimed to evaluate the effectiveness of novel
biomarkers in the diagnosis of AKI in critically ill patients. Despite
advances in proving the effectiveness of several biomarkers, there
are still characteristics that need to be defined for their inclusion
in clinical practice, such as the optimum time to measure them,
as well as their efficiency in different populations. Furthermore, to
date, no other systematic reviews addressing the main markers of
AKT in critically ill patients have been found.

METHODS

This systematic literature review aimed to answer the following
question: are new biomarkers efficient in diagnosing AKI earlier
than serum creatinine? The research question was developed
using the PICOS strategy (Table 1).

Eligibility criteria

TABLE 1 - PICOS strategy for literature search

Population Critically ill patients

Intervention Serum and/or urine biomarker measurements

Comparison Patients diagnosed by serum creatinine measurement
Outcomes AKI diagnosis; mortality risk; requiring RRT; evolution to CKD

Study design Original observational articles

CKD: chronic kidney disease; AKL: acute kidney injury; RRT: renal replacement therapy.

Exclusion criteria

Studies focusing exclusively on chemical aspects of biomarkers
and not involving human beings, those in which the patients
involved were not in a hospital environment or intensive care
units, and articles not available in the full version, were excluded.
Studies that did not analyze the outcomes of interest in this study,
studies of low methodological quality, unpublished manuscripts,
and conference abstracts were considered ineligible.

Study search and selection strategy

A bibliographic survey was carried out using the MEDLINE
databases via PubMed and SciELO until September 31, 2020. The
search strategy included the descriptors and terms translated into
The search strategy included the descriptors and terms translated
into Portuguese in acute kidney injury, biomarkers, and intensive
care units. The descriptors used in the English language appear
in the Medical Subject Headings Terms (MeSH) of the US
National Library of Medicine (NLM). These descriptors were used
individually or together through Boolean operators (and; or).

The example of the search strategy used for PubMed are
shown in Table 2.

The search was initially carried out using descriptors and
their respective translations, directly in the referred databases. In
the second stage of selection, the date restriction was carried out for
articles published from the year 2015 onwards, to identify the most
recent literature on this topic.

TABLE 2 — Search strategy used in PubMed

(((((((((acute kidney injury[MeSH Terms]) OR (Acute Kidney Failure))
OR (Acute Kidney Insufficiency)) OR (Acute Renal Failure)) OR (Acute

#1 Renal Injury)) OR (Acute Renal Insufficiency)) OR (Kidney Failure, Acute))
Only original observational articles were included, from 2015 OR (Kidney Insufficiency, Acute)) OR (Renal Failure, Acute)) OR (Renal
to 2020, which brought together the available and most current Insufficiency, Acute)
. e . . . i kers[MeSH Terms])) OR (Biochemical Marker)) OR
evidence on the contribution of new biomarkers for AKI diagnosis (CCCCCCCCCC((Biomar
) B ) i ) g (Biochemical Markers)) OR (Biologic Marker)) OR (Biologic Markers)) OR
in critically ill patients. The search for references was limited to #  (Biological Markers)) OR (Clinical Marker)) OR (Clinical Markers)) OR
studies published in Portuguese and English. To be included, (Immune Marker)) OR (Immune Markers)) OR (Immunologic Marker)) OR
the studies must be on AKI diagnosis through serum creatinine (Immunologic Markers)) OR (Laboratory Marker)) OR (Laboratory Markers)
measurement. The new biomarkers could be measured in serum ((((C(((ntensive Care Units[MeSH Terms]) OR (Critical Ilness[MeSH
o ) _ . Terms])) OR (Critical Care[MeSH Terms]))) OR (Intensive Care)) OR
and/or urine samples. Those in which the outcomes analyzed (Intensive Care, Surgical)) OR (Surgical Intensive Care)) OR (Critically I11))
by the researchers were related to the presence, severity, and/or OR (Neonatal Intensive Care Units)) OR (Pediatric Intensive Care Units)
progression of the disease were selected. # (F1 AND #2 AND #3)
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Quality assessment of studies

The assessment of methodological quality was performed
descriptively and independently by two reviewers. The titles and
abstracts identified in the search strategy were analyzed, according
to the inclusion and exclusion criteria, by both reviewers
independently.

In the subsequent step, the complete reading of the selected
articles and the application of QUADAS-2 were carried out. This tool
consists of the analysis of four domains: patient selection, index
test, reference and flow/synchrony test. For each domain, questions
are provided and can be answered with yes, 720, or unclear. In the
end, the risk of bias and applicability are judged based on the set
of information obtained from the data diagram“?.

In cases of disagreement or the presence of papers that had
unclear information in at least one questioning of the QUADAS-2,
a consensus was sought between the two reviewers. Articles that
did not present the information required by the four QUADAS-2
assessment domains and/or considered of low methodological
quality by both reviewers were excluded from the analysis.

Data extraction and analysis

Data were independently extracted by the reviewers, using
standardized key questions that listed: the main biomarkers for
AKT, the study description, the characterization of the patients
involved, and the main results and conclusions verified. Data
analysis was performed descriptively.

RESULTS

The initial search, based on the descriptors in English,
resulted in 155 articles, 153 of which were found in PubMed, and
only two were provided by SciELO. When using the descriptors in
Portuguese, no additional studies were found, which indicates a
lack of national research on the subject and a need for scientific
studies on the use of new biomarkers in the country. Then, the
period for articles published was restricted for the last five years,
which resulted in 75 studies. After reading the abstracts, 44 articles
were excluded because they were not suitable to this study objective,
orwere duplicated. From the remaining 31, 12 were discarded after
reading the articles in full and applying the exclusion criteria.
Thus, the final sample of 19 articles was reached. The flowchart
describing the search for articles is presented in the Figure.

From the 19 articles selected, 18 were observational studies
and one was a secondary analysis of an observational study. Most

Articles identified in the
databases search: 155

PubMed: 153
SCiELO: 2

Number of articles after
inclusion criteria: 75

] [Selection ] [ Identification ]

. J
(" Articles excluded because they )
do not meet the purpose of the
. S \__study or were duplicated: 44 )

Articles selected for
full reading: 31

Eligibility

~
Articles that did not involve

humans; non-critical patients;
full version unavailable: 12

Articles included: 19

[ Inclusion ] [

FIGURE — Flowchart of article search for systematic review

studies were carried out in the Asian continent (43.37%), followed
by the European continent (36.84%), Oceania (5.26%), Africa
(5.26%), and America (5, 26%). The biomarkers that concentrated
the greatest number of studies were TIMP-2 and IGFBP7 (36.84%),
followed by NGAL and cystatin G with the same number of studies
(26.32%) and, finally, KIM-1 (10.52%). The main advantages and
disadvantages of these biomarkers are shown in Table 3.

Among the final sample, most studies were carried out in
individuals older than 18 years old (84.21%), while the remaining
presented children and/or neonates as the target population

TABLE 3 — Main advantages and disadvantages of new biomarkers for AKI

Biomarker Advantages Disadvantages
Changes one to two days before

serum creatinine; less influenced

Studies do not identify the best time

Cystatin C by parameters such as age, ger.lder, 1o measure this biomarker
and muscle mass; a good predictor
of renal recovery and mortality
— i I
KIM-1 Not present in p atlenté With norma Not able to estimate disease severity
renal function
There i he ideal
Direct kidney injury indicator; 16 15 110 CONSEIISLS Oft the idea
. N . time for its measurement; may
rapid elevation in case of kidney -
NG - . have reduced predictive power
injury; demonstrated effectiveness .
Do in the presence of a systemic
in different age groups . o
inflammatory condition
Ability to identify the risk of
TIMP-2 iring RRT lity;
requnng anq rporta 0 There is no consensus on the ideal
and possibility of predicting renal o
. , cutoff for predicting AKT
IGFBP7  recovery and risk of progression
to CKD

KIM-1: kidney injury molecule-1; NGAL: neutrophil gelatinase associated lipocalin, TIMP-2:
tissue inbibitor of metalloproteinases; IGFBP7: insulin-like growth factor-binding protein 7;
AKT: acute kidney injury.
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(15.79%). The causes of hospitalization varied between clinical
and surgical contexts, with emphasis on patients with sepsis and
individuals undergoing cardiac surgery.

The KDIGO diagnostic criterion was used alone by 85.7%
of the studies, the other studies (14.3%) also adopted other
classifications for AKI, such as: acute kidney injury network

Akeme Laissa N. Coutinho; Djalma G. Xavier Filho; Marcel Christian M. Tendrio; Matheus R. Lopes Adirlene P. 0. Tenorio

(AKIN), and risk, injury, failure, Loss of kidney function, End-
stage kidney disease (RIFLE). Regarding the performance of the
investigated markers, the studies used the parameters of sensitivity
and specificity, as well as the precision technique of the AUC-ROC
test. The main characteristics of the included studies are shown
in Table 4.

TABLE 4 — Data from the studies included in the review

Study Study type Target population Methods Main results
Asada et al. Prospective Evaluation of cl%mcal 3““1 labgratory variables (APAC,H b Combining NGAL with APACHE II score, and clinical status
s i Adults I score, C-reactive protein, white blood cell count, urine > L
20169 Japan  observational NGAL) improves the predictive value for AKF
Cho et al., . . L . . .
” Prospective Cohort Urine measures collected on admission and immediately TIMP-2 and IGFBP7 may predict adverse outcomes, renal
20207, South , Adults L ‘
Kotea Observational before hospital discharge recovery, or progression to CKD
Dengetal.,  Prospective Cohort Aduls Evaluation of Cys C, NAG concentrations, and albumin- Greater potential for AKF diagnosis through the
201799, China  Observational creatinine ratio on admission to the ICU combination of serum Cys C and urine NAG
Fangefal.,  Prospective Cohort ~ Newbornsand ~ Serial measures of urine Cys C during the first week of ~ Good marker for predicting mortality in newborns and
20189 China  Observational children admission to the ICU children in critical conditions
Fanmﬂg eal, Prospective Cohort Serial measurements of urine and serum NGAL at 18 Urine NGAL performed better than serum fraction, and it
20167, New ) Adults ) measurement was more accurate 4 and 24 hours after the
Observational times over the first 48 hours after surgery )
Zealand start of cardiopulmonary bypass
Ferrari ef al.,  Prospective Cohort Aduls Collection of TIMP-2 and IGFBP7 urine samples from  Values above the cutoff of 0.3 (ng/ml)%/1,000 demonstrated
20199 Ttaly  Observational 442 critically ill patients between June-December 2016 a seven times greater risk of developing AKF
o Measuring serum Cys C 3 hours after heart transplantation
Hoskovi et al., . . O ; S )
2016 Czech Prospective Cohort Aduls Serum measurement of Cys C preoperatively, 3 hours may identify patients at high risk for kidney damage;
Re L;blic Observational after surgery, and on days 1, 7, 10, and 30 prediction of one-year mortality on the persistence of Cys
P C levels
Huetal,,  Prospective Cohort Adults Blood samples collected on admission with Serum Cys C is a strong predictor for the onset of AKF and
2017 China  Observational quantification of Cys C by nephelometry the short-term prognosis of these patients
Introcaso ef al., ~ Prospective Aduls Plasma NGAL samples were collected before surgery and ~ Obtaining greater accuracy in the AKF diagnosis through
2018%Y Italy ~ observational 4 hours after admission to the ICU two consecutive measurements of serum NGAL
Khreba et al., Prospective Cohort Aduls Measurement of urine KIM-1 and serum creatinine Urine KIM-1 measurement 3 hours after surgery was
2019% Egypt  Observational before surgery, 3 and 24 hours after surgery significantly higher in patients with AKF (p < 0.015)
Koyner e al.,  Secondary to the
2015®), United Prospective Cohort Adults Analysis of TIMP-2 and IGFBP7 samples from 744~ Considerable value of these markers for requiring RRT and
States of Observational critically ill patients mortality within nine months
America Study
Leem et al., . - . .
a Prospective Cohort Measurement of creatinine and Cys C levels on days 0,  Serum Cys C was associated with the development and
20174, South ; Adults . . . . .
Korea Observational 1,3,and 7 worsening of AKF in patients with sepsis
DiLeo et al., Cohort adults Consecutive measurements of TIMP-2 and IGFBP7 in [TIMP-2] * [IGFBP7] performs well in predicting AKE,
2018 Italy ~ observational 719 patients admitted to ICU especially in the first four days in the ICU
[TIMP-2]  [IGFBP7] have predictive value for moderate
Maizel et al.,  Prospective Cohort Adults Analysis of urine fractions of [TIMP-2] ¢ [IGFBP7] in the or severe AKF within 24 hours; a score > 2 (ng/ml)%/1,000
2019“9 France  Observational early septic shock in patients with AKF reflects a four times greater risk of AKF stage three than
KDIGO within 24 hours
Pejovic efal.,  Cross-sectional Newborns Serum NGAL collection on the 1* (2, 4, and 6 hours after TZ;ES?EE fg; ei]ﬂt géfl se;rfu l?;jfﬁ;i?f;ﬁﬁg olt?s:zltliuf]i(riﬂ
2015%7 Serbia  observational admission to the neonatal ICU), 3", and 7" days of life orthe day prec
severity in perinatal asphyxia in preterm neonates
ﬂlshgglll;ié ) Cross-sectional Aduls Collection of urine NGAL samples and serum creatinine The accuracy of urine NGAL in AKF diagnosis was 90.7% in
N observational measurement patients admitted to ICU
Pakistan
Cont. =~
3832021
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Cont.
Wang et al.,  Prospective Cohort Urine samples of TIMP-2 and IGFBP7 4 hours after TIMP—2 and IGFBE7 samp fes C,OlleCt,e d 4 hours after
2017 China  Observational Adults admission fo the ICU admission to the ICU were higher in patients who developed
' AKF than in those who did not have the disease
Westhoff e/ al., ) . . ) . Good prognostic value of TIMP-2 and IGFBP7 for the
201599, Plospectlve'Cohort Children Urine samples obtameq a.t the time of hospital outcome of death and moderate performance for the RRT
Observational admission o
Germany initiation
Zhanget al., Prospective Cohort KIM-1 blood and urine samples collection at patient Both KIM-I measur'ements hgve shown p redlctlv.e Val.ue
0 s . Adults o for septic AKE, but this marker is not useful for estimating
202099, China  Observational admission

injury severity

APACHE II: Acute Physiology and Chronic Health disease Classification System lI: NGAL: neutrophil gelatinase associated lipocalin, AKI: acute kidney injury; TIMP-2: tissue inhibitor of
melalloproteinases 2; IGFBP7: insulin-like growth factor-binding protein 7; CKD: chronic kidney disease; Cys C: cystatin C; NAG: N-acelyl-B-D-glucosaminidase; ICU: intensive care unit;

KIM-1: kidney injury molecule-1; RR1 renal replacement therapy; KDIGO: Kidney Disease: Improving Global Outcomes.

NGAL

In a cross-sectional observational study, Shoaib e/ al. (2019)®
found that the accuracy of urine NGAL in the diagnosis of AKI
was 90.7% in adult patients admitted to ICU. They also observed
that the increase in NGAL levels can precede changes in serum
creatinine by up to two days in cases of kidney injury.

Pejovic ef al. (2015)® aimed to prove the usefulness of NGAL
in the early diagnosis of AKI in a different age group by conducting
a study with premature neonates diagnosed with perinatal
asphyxia. In this case, it was observed that the measurement of
serum NGAL concentration in the first four hours of the first day
of life is predictive of the onset and severity of AKI in these patients.

Fanning et al. (2016)” performed serial measurements of
urine and serum NGAL on 18 occasions over the first 48 hours
after cardiac surgery in patients at high risk for kidney damage.
It was found that urine collections performed at two times, four
and 24 hours after the installation of cardiopulmonary bypass
(CPB), showed a greater predictive value of NGAL in identifying
AKT compared to other periods. When comparing the performance
of the two NGAL fractions, it was identified that the urine
measurement of this marker performed better than the serum
fraction.

Introcaso ef al. (2018)“", when analyzing the use of NGAL
as a marker for kidney injury in patients undergoing cardiac
surgery, they found that the consecutive measurement of plasma
NGAL before and after the surgical procedure can predict AKI
in these patients. Post-surgical NGAL values had an area under
the ROC curve of 0.71; 95% CI (0.60-0.82); and 76% sensitivity
and 59% specificity for 154 ng/ml cutoff. When using two
consecutive measurements of NGAL, the sensitivity increased
to 86%. Furthermore, it was found that the combination of the
measurement of this biomarker with the measurement of serum
creatinine levels reinforces the diagnosis of kidney injury, which
establishes an increase in both sensitivity and specificity.

Aiming to evaluate the use of novel AKI biomarkers, considering
the extra-renal conditions and the severity of the systemic
involvement of patients, Asada ef a/. (2016)"® found that urine
NGAL has a linear correlation with two important inflammatory
markers: C-reactive protein and white blood cell count. Moreover,
combining the NGAL with the Acute Physiology and Chronic
Health disease Classification System II (APACHE 1I) score and
the patient’s clinical condition has been found to improve its
predictive value for AKI. This combination demonstrated a better
area under the ROC curve (AUC-ROC 0.940) than the use of NGAL
alone (AUC-ROC 0.858).

KIM-1

By following patients diagnosed with sepsis, Zhang et al.
(2020) 4V identified that urine KIM-1 levels were higher in septic
patients who developed AKI than in those who did not progress
to the disease. When measuring serum KIM-1 levels, the group of
patients with sepsis and AKI showed higher levels of this marker
compared to septic patients without AKI. Thus, both fractions of
this marker showed good predictive value for AKI. However, they
did not prove to be useful for estimating disease severity.

Khreba ef al. (2019)® developed a prospective cohort study
with patients undergoing cardiac surgery with extracorporeal
circulation (ECC). It was found that the urine measurement of
this biomarker, three hours after the surgery, showed significantly
higher levels in patients who developed AKT compared to the group
who did not develop the disease. The measurement of urine KIM-1
within three hours after the procedure showed a sensitivity of 48%
and a specificity of 94%.

TIMP-2 and IGFBP7

Through the analysis of the urine fractions of TIMP-2 and
IGFBP7 from patients with septic shock, Maizel e/ al. (2019)®
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found that the result of the product between the concentrations
of these biomarkers has shown significant predictive value for the
onset of moderate or severe AKI (stages two and three of KDIGO,
respectively) within 24 hours. Furthermore, it was identified
that a score > 2 (ng/ml)%/1,000 as a result of the equation
[TIMP-2]  [IGFBP7] reflects a four times higher risk of AKI stage
three of KDIGO, within 24 hours.

Other observational ~studies, such as those by Di
Leo ef al. (2018)® and Ferrari ef al. (2019)™® used the cutoff
of 0.3 (ng/ml)*/1,000 and found that values above this point
represent a seven times greater risk for the onset of AKI compared
to lower scores. Maizel e/ al. (2019) recognized that, depending
on the cutoff point used, the sensitivity and specificity parameters
for these biomarkers can be altered: 92% sensitivity and 46%
specificity for the 0.3 cutoff, and 37% of sensitivity and 95%
specificity for the 2 cutoff.

Wang et al. (2017)® investigated the use of
[TIMP-2] * [IGFBP7] for early identification of acute injury in
critically ill patients undergoing cardiac surgery. This allowed us
to identify that [TIMP-2] ¢ [IGFBP7] results with urine samples
collected four hours after admission to the ICU were significantly
higher in patients who developed AKI than in those who did not
have the disease (p < 0.001).

Koyner ef al. (2015)® demonstrated the usefulness of these
two markers for the prognosis of other relevant disease outcomes.
The use of only one measure of [TIMP-2] ¢ [IGFBP7] has shown
considerable value in identifying increased risk of requiring
renal replacement therapy (RRT) and mortality within up to
nine months in a critically ill adult population. In a prospective
cohort study in the same year, Westhoff ef a/. (2015)%” found a
good prognostic value of markers for the outcome of death and
moderate performance for the RRT initiation in a different age
group, when studying neonates and children diagnosed with AKI.
The study by Cho e al. (2020)" strengthens these findings and
points out the importance of [TIMP-2] ¢ [IGFBP7] to predict an
individual’s renal recovery, as well as their risk of progressing to
CKD (chronic kidney disease).

Cystatin C

Leem ef al. (2017)@ showed that septic patients who
developed AKI had significantly higher serum cystatin C values
compared to those who did not have the disease. The measurement
of this biomarker at admission to the ICU correlated well with the
onset of AKT and was associated with later recovery from renal
involvement.

Hoskova et al. (2016)"?, in a prospective study with patients
undergoing heart transplantation, they found the usefulness
of cystatin C as an early marker of AKI up to three hours after
surgery (levels > 1.6 mg/l showed a predictive value for AKI).
Furthermore, it was identified that persistently elevated cystatin C
levels (> 2.54 mg/1 on the seventh day after transplantation) can
predict mortality within one year.

Hu ef al. (2017)™ also recognized the prognostic ability
of cystatin C for patients admitted to a coronary care unit. This
marker was able to predict the risk of mortality in up to two years,
as well as the possibility of patient readmission and failure of renal
function recovery for those with serum Cys C values > 1.255 mg/1.

Deng e/ al. (2017)™ demonstrated that serum Cys C
had a considerably higher area under the ROC curve values
when compared with another renal biomarker [N-acetyl-B-D-
glucosaminidase (NAG)] and with the albumin-creatinine ratio.
This study showed that the combination of serum cystatin G and
urine NAG has greater potential for the early diagnosis of AKI than
the measurement of these markers alone.

In a study with newborns and children in critical conditions,
Fang et al. (2018)" recognized the superiority of cystatin C over
sCr by showing that the urine fraction of Cys C increases from one
to two days before the creatinine changes in the AKI. Furthermore,
in agreement with previous studies, it was observed that urine C
cystatin is a good marker for predicting mortality in these age
groups. It was found that for every 1% increase in urine cystatin
values, the probability of death outcome increases by 26%. When
applying the cutoff point of 1.260 ng/mg, urine Cys C presented
79.2% sensitivity and 72.3% specificity.

DISCUSSION

Numerous studies aim to the development of novel biomarkers
for the AKI detection in early stages. The main current markers are
related to the pathophysiology of the disease, which ranges from
situations of stress and/or renal injury to elements associated with
checkpoints in the cell cycle and inflammatory pathways®?. It is
believed that the new markers can identify kidney insults in pre-
clinical and sub-clinical phases, which can allow the establishment
of early treatment for the individual and the prevention of further
kidney damage™.

NGAL is a 25 kDa glycoprotein of the lipocalin family, initially
identified in neutrophils, but it can also be found in renal tubule
cells®. Unlike serum creatinine, which is used as an indicator of
renal function, changes in serum and urine NGAL levels suggest
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direct kidney damage, since this protein is released during the
chronic or acute development of tubular injury. As observed in this
study, another factor that suggests the advantage of NGAL over sCr
in AKT is its rapid increase in view of injury®”.

Although NGAL proves to be a good biomarker for AKI in
different age groups, the ideal time to perform the measurements
is still not a consensus. Based on the research described in this
study, it is inferred that the measurement of serum and urine
NGAL fractions in the first four hours after the onset of the lesion is
able to identify changes suggestive of AKI development -2V,

Certain clinical contexts influence the predictive power
of NGAL, especially in patient with a systemic inflammatory
condition. Tt is understood that the combination of NGAL with
other renal markers and the clinical status significantly increases
its predictive value for AKI, which reinforces the importance of
recognizing the patient’s extrarenal conditions®”.

The marker with the fewest described studies was KIM-1, a
transmembrane protein that can be found in epithelial cells of
the proximal renal tubule®. 1t is known that, during ischemic
and/or nephrotoxic processes, the extracellular segment of KIM-1
is released into the renal tubules, increasing its urine levels®.
This glycoprotein has a relevant value as an early biomarker for
acute kidney injury, since it is generally not expressed in patients
with normal renal function®”.

Despite its efficiency in predicting AKI, KIM-1 did not prove
to be useful to estimate the severity of the injury. The likely
explanation lies in the fact that this glycoprotein is involved not
only in the course of ischemia but also during the repair process of
renal tubule cells. Therefore, when identifying high levels of KIM-
1, it is not possible to determine whether it is due to damage or
regenerative processes, which is a barrier that prevents to define
the severity of the disease® .

The markers that concentrated the greatest number of
studies were TIMP-2 and IGFBP7, two proteins secreted by renal
tubule cells as a result of of various cellular insults (ischemia,
nephrotoxins, and septic and inflammatory conditions). Both are
involved in the arrest of the cell cycle in the G1 phase after the
onset of cell damage®. Due to the favorable results presented by
several studies, the use of these markers for patients admitted to
ICU was approved by the Food and Drug Administration (FDA),
in 20149,

Recently, the product between TIMP-2 and IGFBP7 has shown
superiority as compared to other renal biomarkers in the diagnosis
of acute injury® . Nevertheless, there is no consensus among
researchers regarding the ideal cutoff point for predicting AKI.

Higher cutoff values are associated with greater specificity and
reduced sensitivity®™. Besides their good performance as early
markers for AKI, different studies have shown the effectiveness of
TIMP-2 and IGFBP7 in predicting disease outcome (risk of death,
requiring RRT, and progression to CKD) 1423,

Cystatin G, a low-molecular-weight protein, has shown the
ability to act as an early marker of GFR reduction with higher
quality than serum creatinine. Compared with sCr, cystatin C is
less influenced by individual parameters, such as age, gender,
and muscle mass®. During the early phase of AKI, the serum
concentration of cystatin C increases more rapidly compared to
the increase in creatinine, since the former has a significantly
shorter half-life™”. This biomarker also has a prognostic value
for AKT and, when used in combination with another marker,
significantly increases its predictive value for the onset of the
disease™.

Overall, the analyzed studies demonstrate the good
performance of renal biomarkers in the early diagnosis of AKI,
as well as in estimating the severity and prognosis of the disease.
Among the main disadvantages described in most studies is the
lack of consensus on the optimal time to marker measurement
and the cutoff point for its analysis.

A relevant limitation of this study was the lack of studies
carried out in the national scenario, which prevented the finding
and discussion of studies on novel renal biomarkers in the country.
Furthermore, the variety between the clinical conditions of the
study individuals and the samples obtained are other limitations
found.

CONCLUSION

There has been an important recent advance regarding the
use of novel renal biomarkers in the AKI scenario. Several studies
have proven the effectiveness of the main markers both in the
early diagnosis of acute injury and in predicting the outcome of
the disease in critically ill patients. It was possible to verify that
the combination of different biomarkers proved to be effective
to increase the predictive value during the AKI investigation.
Furthermore, it is relevant to correlate changes in marker levels
with the clinical context presented by the patient.

It is required expanding research in this area, to determine
important points for applicability in medical practice, define
the optimal time for the biomarkers measurement, and provide
standards for their cutoff values.
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