Angeletti et al., ] Immunol Tech Infect Dis 2016, 5:1
http://dx.doi.org/10.4172/2329-9541.1000135

Journal of Immunological
Techniques in Infectious
Diseases

Research Artice

Plasma Neutrophil Gelatinase-
Associated Lipocalin (NGAL) in
Combination with Procalcitonin
(PCT) and MR-Proadrenomedullin
(MR-proADM) in the Diagnosis
and Prognosis of Sepsis and Sepsis
Associated Acute Kidney Injury

Angeletti S'", Fogolari M, Capone F2, Morolla D2, Costantino S2,
Spoto S2, De Cesari M', De Florio L, Lo Presti A3, Ciccozzi M'3
and Dicuonzo G'

1Clinical Pathology and Microbiology Laboratory, University Hospital Campus Bio-
Medico of Rome, Italy

2Internal Medicine Department, University Hospital Campus Bio-Medico, Rome,
Italy

3Depan‘ment of Infectious, Parasitic and Immunomediated Diseases, National
Institute of Health, Rome, Italy

“Corresponding author: Silvia Angeletti, Centro Integrato di Ricerche (CIR),
Laboratory of Clinical Pathology and Microbiology, University “Campus Bio-
Medico”, Via Alvaro del Portillo 200, 00128 Rome, ltaly, Tel: +3906225411112;
Fax: +3906225411461; E-mail: s.angeletti@unicampus.it

Rec date: Nov 02, 2015 Acc date: Feb 04, 2016 Pub date: Feb 10, 2016

Abstract

Objective: Early recognition of sepsis is important to prevent
progression to severe sepsis and septic shock conditions that
may lead to Acute Kidney Injury (AKI). In the present study, the
combined measurement of plasma biomarkers NGAL, PCT and
MR-proADM in the diagnosis and prognosis of sepsis and
sepsis associated acute kidney injury (SA-AKI) was evaluated.

Methods: Twenty patients with sepsis, 18 with localized
infections, 17 with SIRS and 24 healthy donors have been
consecutively enrolled: NGAL, PCT and MR-proADM were
measured at admission (T=0), at 24 hours (T=1) and in the
third or fifth day of antibiotic therapy (T=3-5) in septic patients
and as a single determination (T=0) in the remaining subjects.
PCT and MR-proADM were measured by a time-resolved
amplified emission method (Kryptor; Brahms AG, Hennigsdorf,
Germany). NGAL was measured by turbidimetric immunoassay
(NGAL Test, Bio Porto Diagnostics, Denmark). The creatinine
was determined using an enzymatic |IDM traced
spectrophotometric method (Siemens, Healthcare Diagnostics
Inc., Italy). Data were analyzed using the statistical package
MedCalc 13.2.2.0.

Results: NGAL values were significantly higher in sepsis than
in SIRS and in patients with bacterial localized infections. The
discrimination and diagnostic accuracy of NGAL were
supported by ROC curve analysis. At the cut-off value of 300
ng/mL, NGAL identified sepsis with high sensitivity and
specificity. In sepsis, NGAL was strictly correlated with PCT
and MR-proADM. Stratifying subjects of the study population in
five different classes on the basis of PCT, NGAL values were
correlated with PCT in each class. NGAL, like MR-proADM,
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was significantly correlated with APACHE Il as well as with
SOFA scores of disease severity.

Conclusions: Data of the study demonstrated the advantage
derived from the combined use of the three markers PCT, MR-
proADM and NGAL in septic patients’ management and the
central role of NGAL in SA-AKI diagnosis and prognosis.

Keywords: NGAL; Sepsis; Multi-marker approach; MR-proADM;
Bacterial infection

Introduction

Sepsis is a systemic syndrome characterized by a Systemic
Inflammatory Response Syndrome (SIRS) in the presence of a definite
or suspected infection. Sepsis is defined “severe” when associated with
hypo perfusion or dysfunction of at least one organ system, and can
progress to septic shock when severe sepsis is accompanied by
persistent hypotension or need for vasopressors [1,2].

SIRS is mediated by innate immune cells, including neutrophils,
monocytes and macrophages producing pro-inflammatory cytokines,
as Tumor Necrosis Factor (TNF)-q, IL-6, IL1-beta and IL-8 to limit the
infection and the consequent tissue damage. In sepsis, the excessive
and prolonged production of these cytokines can produce exaggerate
inflammatory responses that results more dangerous than the original
infection. This is what happen in severe sepsis, where the excessive
production of pro-inflammatory cytokines causes tissue injury and
lethal multiple organ failure [3,4].

Severe sepsis and septic shock can cause a multiple organ
dysfunction syndrome, which induces high morbidity and mortality in
critically ill patients [5]. Organ dysfunctions and failures in sepsis
patients can be evaluated though the sepsis-related organ failure
assessment (SOFA) scores [6].

Sepsis and septic shock are important contributing factors of sepsis
associated (SA)-acute kidney injury (AKI) accounting for patients
access in the intensive care unit (ICU) and may be an independent risk
factor of mortality [7-9]. Sepsis associated AKI usually is accompanied
by hyper dynamic circulation [10]. When compared with AKI of non-
septic origin, septic AKI is characterized by a distinct pathophysiology
and therefore requires a different approach [11]. The pathophysiology,
diagnostic procedures, and appropriate therapeutic interventions in
sepsis are still highly debatable. Numerous immune modulatory agents
showing promise in preclinical studies fail to reduce the
overwhelmingly high mortality rate of sepsis. Different markers have
been proposed to improve sepsis diagnosis and prognosis.

Procalcitonin (PCT) is a well-established marker for the early
diagnosis and staging of sepsis, severe sepsis or septic shock compared
to other plasma biomarkers [12]. Recently, another biomarker, the
mid-regional proAdrenomedullin (MR-proADM) has been used to
differentiate sepsis from non-infectious SIRS with high specificity. The
simultaneous evaluation of MR-proADM and PCT in septic patients
has been demonstrated to improve the post-test diagnostic
probabilities compared to the independent determination of individual
markers [13-15].
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The diagnosis of AKI is based on plasma creatinine and urine
output, as established by the AKI Network (AKIN) criteria [16].

Neutrophil gelatinase-associated lipocalin (NGAL) has been
described as a sensitive, specific, and early predictive biomarker for
acute kidney injury as described also in a recent meta-analysis where it
is reported that 41% of patients with AKI would have been missed
using plasma creatinine determination alone [17]. Kim et al. evaluated
the diagnostic utility of plasma NGAL to predict SA-AKI in
combination with PCT used for sepsis diagnosis and staging support.
These authors demonstrated that NGAL was a sensitive marker for
AKI in critically ill patients with suspected sepsis and could be useful
for the diagnosis and staging of renal failure in sepsis [18]. Recently,
the role of NGAL in the identification of SIRS caused by bacterial
infection was further evaluated and a specific position of this marker in
supporting clinicians to identify bacterial infections identification was
suggested [19].

Plasma NGAL levels seem significantly correlated with sepsis
severity and AKI progression, but its dosage alone is not sufficient to
diagnose sepsis or renal failure with enough specificity. Critically ill
patients’ evaluation can benefit from a multi-marker approach to
confirm sepsis diagnosis, patient prognosis and SA-AKI development.

The aim of the study was to evaluate the combined measurement of
plasma NGAL, PCT and MR-proADM in sepsis diagnosis and
prognosis and to analyze the role of plasma NGAL as predictive
biomarker of worse prognosis in septic patients for its correlation with
SA-AKI

Methods

Patients selection and study design

The study was performed on 55 patients (20 patients with sepsis, 18
patients with localized bacterial infections and 17 patients with not
infectious SIRS) consecutively enrolled from the medical and surgical
units at the University Hospital Campus Bio-Medico of Rome and 24
healthy donors, between February and July 2015.

Sepsis was defined using the International Guidelines for
management of severe sepsis and septic shock: surviving sepsis
campaign 2012 based on the presence of a recognized site of infection
and evidence of a systemic inflammatory response [20].

SIRS was diagnosed when at least two of the following criteria are
evident: (a) body temperature higher than 38°C or lower than 36°C, (b)
heart rate higher than 90 beats per minute, (c) respiratory rate higher
than 20 breaths per minute or hyperventilation as indicated by an
arterial partial pressure of carbon dioxide (PaCO,) lower than 32 mm
Hg and (d) a white blood cell count of higher than 12.000 cells/mm3 or
lower than 4.000 [20].

Localized bacterial infection was diagnosed when a microorganism
was isolated in a culture of biological samples collected from the
supposed site of infection and/or in presence of radiological evidence
of infectious consolidation or abscess, as reported in the CDC/NHSN
Surveillance definitions [21].

Blood samples for blood culture were collected before antibiotic
therapy start [20]. Each blood culture comprised three sets (time 0,
time 30 and time 60) of one aerobic and one anaerobic broth bottles
(Bactec Plus Aerobic/F, Bactec Plus Anaerobic/F, Beckton Dickinson,
Franklin Lakes, NJ USA) per patient drawn during 1-h period from

cases of clinically suspected bloodstream infection. Blood culture vials
were incubated in the Bactec 9240 automated system (Beckton
Dickinson, Franklin Lakes, NJ USA). From positive broths, subcultures
were prepared and, according to the appearance of colonies on
subculture plates, the isolates were identified and the antimicrobial
susceptibility test performed by Vitek 2.0 compact instrument (Bio-
Merieux, Mercy LEtoile, France).

Furthermore, depending on the site of infection, further
microbiological investigations were carried out: sputum culture,
antigen detection of Legionella pneumophila Tipe 1 or Streptococcus
peumoniae in the urine, pleural or ascitic fluid culture, urine culture,
culture of other collected biological materials (for example abdominal
abscesses). Patients and controls characteristics are summarized in
Table 1.

The APACHE II score for the 55 patients has been calculated to
better define the severity of the infection and the impact of
comorbidities on the clinical status of the patients. APACHE II scores
were calculated by Medscape, APACHE II scoring system calculator
[22]. The SOFA score for the 20 septic patients has been calculated to
better define the severity of the sepsis and the renal injury through the
renal SOFA sub-score [23,24].

Subjects enrolled in the study population were divided in five
different classes on the basis of the PCT values found, as follows [18]:

Class I: PCT<0.05 ng/mL; Class II: PCT=0.05-0.49 ng/mL; Class III:
PCT=0.5-1.99 ng/mL; Class IV: PCT2-9.99 ng/mL; Class V: PCT=>10
ng/mL.

Participants provided their written consent to participate in this
study. The study was approved by the Ethic Committee of the
University Hospital Campus Bio-Medico, and Authors have complied
with the World Medical Association Declaration of Helsinki.

Patients Number Healthy Controls Number
Number of patients 55 Number of patients 24
Mean age 74 £ 14 Mean age 65+ 12
Male 29 Male 9
Female 26 Female 15
Sepsis 20

Localized infection 18

SIRS 17

With comorbidities

Diabetes 15

Malignancy 1

Hypertension 13

Cardiovascular disease 33

Gastrointestinal 1

disease

Cerebrovascular 08

disease

Chronic Renal failure 12
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Others 06
Origin of Sepsis

Pneumoniae 08
Intra-abdominal 04
Urinary tract infection 04
Other 04
Site of Localized
infection

Pneumoniae 09
Intra-abdominal 05
Urinary tract infection 02
Other 02

Table 1: Demographic characteristics of the study population.

Plasma PCT, MR-proADM, NGAL
measurement

and creatinine

PCT, MR-proADM, NGAL and creatinine were measured at
admission (time T=0), at 12-24 hours (time T=1) and in the third or
fifth day of antibiotic therapy (time T=3-5) in septic patients, whereas
in patients with localized infection or SIRS and in healthy controls as a
single determination coinciding with the enrollment time (T=0). PCT
and MR-proADM were measured by an automated analyzer using a
time-resolved amplified emission method (Kryptor; Brahms AG,
Hennigsdorf, Germany), with commercially available assays (Brahms,
Germany), as previously described [13,15].

NGAL was measured by the automated new Dimension Vista 1500
(Siemens, Healthcare Diagnostics Inc., Italy), using a particle enhanced
turbidimetric immunoassay with the commercially available kit (The
NGAL Test, Bio Porto Diagnostics, Denmark). The creatinine was
determined using an enzymatic spectrophotometric IDM traced
method by the automated analyzer New Dimension Vista 1500
(Siemens, Healthcare Diagnostics Inc., Italy).

Statistical analysis

Normal distribution of PCT, MR-proADM, NGAL and creatinine
was analyzed and data subjected to logarithmic transformation to
achieve a normal distribution (Kolmogorov-Smirnov test), when
necessary.

The Mann-Whitney for independent samples was used to compare
at T=0 NGAL, creatinine, PCT and MR-proADM found in the
different categories of patients (sepsis, SIRS and patients with localized
infection) and in healthy donors. A p-value < 0.05 was considered
statistically significant.

The Wilcoxon test for paired samples was used to compare PCT,
MR-proADM, NGAL and creatinine values at T=0, T=1 and T=3-5. A
p-value < 0.05 was considered statistically significant.

Correlations of the paired NGAL and PCT, MR-proADM and
creatinine values in sepsis, in patients with localized infection and with

SIRS were assessed by the Spearman rank correlation coefficient (p)
and p values < 0.05 (two-tailed) were considered significant.

In septic patients the correlation of the paired NGAL and creatinine
values was evaluated to ascertain the presence of kidney dysfunction
by creatinine measurement and to verify the reported role of NGAL as
marker of SA-AKI [18].

In septic patients the correlations between PCT, MR-proADM,
NGAL, and APACHE and SOFA scores were evaluated by the
Spearman rank correlation coefficient (rho).

Chi-squared for trend has been performed to compare median PCT
and NGAL values observed in the five different classes of PCT.

To define the optimal threshold of NGAL and its diagnostic
accuracy in sepsis, ROC curve (receiver operating characteristic) and
the area under the curve (AUC) were calculated comparing NGAL
values in septic patients versus SIRS as well as versus patients with
localized bacterial infections [25].

Data were analyzed using the statistical package MedCalc 13.2.2.0
(Med-Calc Software bvba, Belgium).

Results

Patients and controls characteristics

The demographic characteristics of the 55 patients and of the 24
healthy controls enrolled in the study population are summarized in
Table 1.

In septic patients, the average APACHE II score was 16.20 (8-29)
corresponding to 24% risk of death and the average SOFA score was
4.05 (1-10).

17/20 septic patients developed AKI within three-five days from the

onset of symptoms, 3/20 required admission at the Intensive Care Unit
(ICU) and 4/20 died for comorbidity complications.

Plasma PCT, MR-proADM, NGAL and creatinine average
values comparison (Mann-Whitney for independent
samples)

Median, 25th and 75th percentiles of PCT, MR-proADM, NGAL
and creatinine in patients with sepsis, localized infection and SIRS and
in healthy controls are summarized in Table 2.

PCT, MR-proADM, NGAL and creatinine median values at
admission (T=0) were significantly (p<0.01) higher in septic patients
than patients with localized infection or SIRS or healthy controls, as
reported in Table 3.

Comparison of paired PCT, MR-proADM and NGAL
between TO=, T=1 and T=3-5 in septic patients (Wilcoxon
test for paired samples)

PCT was significantly reduced between T=0 and T=3-5 (p=0.0003)
as well as between T=1 and T=3-5 (p=0.01), whereas it was not
between T=0 and T=1. NGAL and MR-proADM were significantly
(p<0.05) reduced only between T=1 and T=3-5, because T=0 values
were lower than T=1.
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T=0
Study N PCT ng/mL MR-proADM nmol/l NGAL ng/ml Creatinine mg/di
population
media 25th-75th median 25th-75th median 25th-75th medi 25th-75th
n percentiles percentiles percentiles an percentiles
Sepsis 20 2.65 0.17 - 80.20 3.90 2.64 -6.38 796.30 412.87 — 1091.80 1.92 1.38 -2.37
LI 18 0.13 0.09 - 0.30 0.97 0.59 - 1.91 250.44 184.00 — 331.00 0.99 0.80—1.48
SIRS 17 0.20 0.13-0.37 1.00 0.59 - 1.57 204.00 160.73 — 239.48 0.82 0.63-1.23
Healthy 24 0.06 0.04 - 0.07 0.50 0.42-0.70 98.29 92.83 - 123.97 0.73 0.67 —0.90
T=1
Sepsis ‘ 20 ‘ 1.70 ‘ 0.54 —20.30 ‘ 3.94 ‘ 2.53-5.40 ‘ 763.50 ‘ 425.42 — 1435.47 ‘ 1.78 ‘ 1.26 -2.30
T=3-5
Sepsis 20 0.57 0.16 —4.84 3.09 2.02-4.29 519.50 288.17 - 771.08 1.22 1.03-1.62

Table 2: Median, 25t and 75th percentiles of plasma PCT, MR-pro ADM, NGAL and creatinine at admission (T=0) in all patients and healthy
controls, at T=1 and at T=3-5 in sepsis patients N= number of subjects; LI= Localized infection.

Sepsis LI P Sepsis SIRS P Sepsis Healthy p
PCT ng/ml T=0 2.65 0.13 <0.0001 2.65 0.20 0.0001 2.65 0.06 <0.0001
MR-proADM nmol/l T=0 3.90 0.97 <0.0001 3.90 1.00 <0.0001 3.90 0.50 <0.0001
NGAL ng/ml T=0 796.30 250.44 0.0003 796.30 204.00 0.0001 796.30 98.29 <0.0001
Creatinine mg/dL T=0 1.92 0.99 0.0002 1.92 0.82 <0.0001 1.92 0.73 <0.0001

Table 3: Median value of plasma PCT, MR-proADM, NGAL and creatinine at admission (T=0): comparison between septic patients vs. patients
with localized infection (LI), SIRS and healthy controls (Mann-Whitney test) LI = Localized infection.

Rank-correlation of plasma NGAL with paired PCT, MR-
proADM and creatinine values in the patients population

At admission (T=0), in septic patients plasma NGAL values were
significantly correlated (p<0.05) with PCT, MR-proADM and
creatinine values (Figure 1), whereas these correlations were not found
in patients with localized infection or SIRS, except for creatinine in
SIRS patients (p<0.05) (Table 4). At T=1 and T=3-5 NGAL continued
to be significantly correlated (p<0.05) with PCT and MR-proADM,
whereas the correlation with creatinine was present at T=1 but not at
T=3-5.

PCT T=0 MR-proADM T=0 Creatinine T=0
P P p p p p
NGAL T=0 0.73 0.00 0.60 0.005 0.57 0.008
sepsis 03
NGAL T=0 LI 0.24 n.s. 0.27 n.s. 0.25 n.s.
NGAL T=0 0.37 n.s. 0.05 n.s. 0.55 0.023
SIRS

Table 4: Rank-Correlation (Spearman rank correlation coefficient p)
between plasma NGAL and PCT, MR-proADM and creatinine at
admission (T=0) in sepsis, patients with localized infection (LI) and
SIRS.

MRproADM T0 sepis

CREA TOscosis

Figure 1: Rank-correlation between NGAL and PCT (logarithmic
transformation of data), MR-proADM (logarithmic transformation
of data) and Creatinine in septic patients at admission (T=0).
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Plasma PCT and NGAL values according to the five PCT
classes used to classify subjects enrolled in the study
population

Mean and median values of PCT and NGAL found in each PCT
class are reported in Table 5. PCT and NGAL values were significantly
(p<0.0001) correlated in each class as confirmed by the rank-
correlation analysis. Sepsis patients are almost distributed in PCT
classes III (0.50-1.99 ng/mL), IV (2.0-9.99 ng/mL) and V (>10 ng/mL)
corresponding to PCT values above the diagnostic cut-off for sepsis
(0.50 ng/mL) than patients with SIRS and localized bacterial infections
(Classes I and II) (Table 5 and Figure 2). NGAL values found in septic
patients follow the same trend of PCT as shown in Table 5. In class III,
IV and V, NGAL median values grow-up from 584 ng/mL to 1419
ng/mL rather than patients with SIRS and localized bacterial infections
(Table 5 and Figure 2). Healthy subjects fell into PCT class I and are
characterized by low values of PCT and NGAL (Table 5 and Figure 2).
PCT and NGAL showed an increased statistically significant trend,
according to the five different classes of PCT (Table 5).

Rank-correlation between plasma NGAL, PCT, MR-proADM
values and APACHE II and SOFA scores

The analysis of the rank-correlation between NGAL values and
APACHE 1II and SOFA scores showed a significant correlation with
APACHE II (p<0.05) as well as with SOFA score (p<0.05) and within
this also with the Renal Sub score (p<0.05). MR-proADM was
significantly correlated with APACHE and SOFA scores (p<0.05)
whereas PCT was not.

Plasma NGAL and sepsis diagnostic accuracy: ROC curves
and areas under the curves (AUCs) analysis

ROC curves and AUCs analysis was performed comparing NGAL
values measured in septic patients and those found in SIRS and
localized infections. Based upon this analysis, the optimal decision
threshold for plasma NGAL values in the diagnosis of sepsis, allowing
distinguishing non-infectious SIRS and localized infections from
sepsis, was defined as 300 ng/mL. ROC plots analysis is reported in
Figure 3.

PCT Ol PCT daia I T s FOTClus IV PFCT_Claa ¥
Healthy o e
Sepsis

bacterial infections).

Figure 2: Plasma NGAL values in the five PCT classes and distribution of the study subjects along the different classes of PCT (LI=localized

- - 8 5 —t—
C I I I I I
NOAL Class | NOAL Clasa 11 NGALClasa 11 NGAL Clas IV NGAL Class
Healthy LUSIRS ———
Sepsis

PCT class | PCT class |l PCT class il PCT class IV (n=6) PCT class V (n=7) 2 for trend

(n=24) (n=33) (n=9) 2.0-9.99 ng/mL >10 ng/mL

<0.05 ng/mL 0.05-0.49 ng/mL 0.50-1.99 ng/mL

PCT NGA PCT NGA PCT NGAL PCT NGAL PCT ng/mL NGAL PCT NGAL

ng/m L ng/m L ng/m ng/mL ng/mL ng/mL ng/mL

L ng/m L ng/m L

L L
Mean 0.02 108.8 0.17 225.7 1.22 594.0 2.92 734.2 39.60 1377.6 7.769 4.354
Cl 95% 0.016 96.2- 0.13- 192.3 0.32- 378.1- 1.97-3.87 383.4-10 17.3-61.90 676.8-2088 (p<0.001) (p<0.05)
Median ;‘0.02 121.4 0.21 -2259. 212 809.9 283 84.9 31.00 3 (2&?)8501) (2‘)2;((3)40201)
Cl 95% 0.02 98.0 0.14 2205 0.87 584.0 2.09-4.27 876.5 19.90-73.60 1419
' 93.7- 0.12- ’ 0.29- 350.5- 225.9-99 490.1-2211
0.01- 120.2 0.18 2.16 755.2 6.1 .8
0.03
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176.0
244,

Table 5: Plasma PCT and NGAL mean, median values, confidence interval (CI) 95% and XZ for trend according to the five different classes of

PCT.

Sepsis vs SIRS Sepsis vs Localized Infection

A NOAL NGAL

L L 1
u EY ) 3 w0 100
100-Spesifiity

Cut-off >300 ng/mL

Sensitivity: 85% (CT 95%: 62.1 - 96.8)
Specificity: 88% (CI 95%: 63.6 - 98.5)
AUC=0.89

Cut-off >300 ng/mL

Sensitivity: 85% (CT 95%: 62.1 - 96.8)
Specificity: 83% (CI 95%: 58.6 - 96.5)
AUC=0.87

Figure 3: NGAL ROC plots analysis. Comparison between patients
with sepsis and patients with SIRS (A) and patients with sepsis and
patients with localized infections (B): Areas under the Curve
(AUG:s) corresponding to the cut-off value of 300 ng/mL.

Discussion

Sepsis is a leading cause of mortality in hospitalized critically ill
patients and a prompt diagnosis is needed for a rapid targeted
antibiotic therapy start. Early recognition of sepsis is important to
prevent progression to severe sepsis and septic shock that can
determine multiple organ dysfunction syndromes [5]. Severe sepsis
and septic shock are major contributing conditions to AKI, an
independent risk factor of mortality especially in critically ill patients
[7-9].

NGAL has been described as a sensitive, specific, and early
predictive biomarker for AKI [17] and its diagnostic role in
combination with PCT to predict SA-AKI has been reported [18,19].
Furthermore, its association with severe sepsis has been recently
reported [26].

In this study, the role of plasma NGAL in sepsis diagnosis and
prognosis was evaluated in combination with PCT and MR-proADM
biomarkers, whose roles in sepsis have been previously described
[13-15].

Plasma NGAL values were significantly higher in septic patients
than patients with SIRS and patients with bacterial localized infections.
These data support the hypothesis that plasma NGAL could
distinguish sepsis from other inflammatory conditions as supported by
ROC curve analysis (Table 3 and Figure 3). At the cut-off value of 300
ng/mL NGAL distinguish septic patients from SIRS and localized
infections with high sensitivity and specificity (Figure 3). Plasma
NGAL is increased in septic patients and significantly correlated with
PCT and MR-proADM markers that rise in case of sepsis, as previously
described [13-15]. This strict correlation could be useful to further

confirm the presence of a sepsis and to improve the management of
critically ill patients.

Stratifying subjects of the study population in five different classes
on the basis of PCT values (Figure 2), plasma NGAL values were
significantly correlated with PCT in each class, thus confirming that
their proportional increases are in agreement with PCT and sepsis
probability, as showed by the chi-squared for trend. Septic patients are
distributed in highest PCT classes (III-V) corresponding to PCT values
above the cut-off (0.5 ng/mL) currently in use for sepsis diagnosis [15,
18]. Interestingly, in septic patients plasma NGAL values are in a
growing range (594 ng/mL-1377 ng/mL) above the cut-off of 300
ng/mL defined in this study by the ROC curve analysis, whereas in
patients with SIRS and bacterial localized infections NGAL values are
under the cut-off (mean value 225 ng/mL) and positioned in the lower
PCT class II (Table 5 and Figure 2).

Being NGAL an early predictive biomarker for AKI [17], its
correlation with creatinine has been evaluated to define the presence of
acute kidney injury and its role in SA-AKI definition. Plasma NGAL
and creatinine were correlated at T=0 and T=1 but not at T=3-5,
otherwise PCT and MR-proADM that were correlated at all times. This
evidence could suggest that NGAL, besides marker of AKI, as
previously described [17], could be determinant in acute kidney injury
diagnosis during sepsis (SA-AKI) when measured simultaneously with
other specific markers of sepsis.

Plasma NGAL, like MR-proADM already described as marker of
sepsis prognosis, was significantly correlated with APACHE II as well
as with SOFA scores. These correlations suggest a role of plasma NGAL
as marker of disease severity. Furthermore, NGAL demonstrated to be
correlated also with the renal sub-score of the SOFA score further
confirming its role in SA-AKI diagnosis.

Overall, data from his study, could suggest the advantage derived
from the combined use of the three plasmatic markers PCT, MR-
proADM and NGAL in septic patients management and the central
role of plasma NGAL in SA-AKI. Plasma NGAL values over the cut-off
could suggest the need for aggressive therapeutic measure to improve
patient outcome by multiple organ failure prevention.

Study Limitation

A limitation of the study could be the limited number of patients
included, but given the statistical significance reached we assumed that
increasing the population numbers the results will maintain their
significance.

References

1. American College of Chest Physicians/Society of Critical Care
Medicine (1992) American college of chest physicians/society of
critical care medicine consensus conference: definitions for sepsis
and organ failure and guidelines for the use of innovative
therapies in sepsis. Crit Care Med 20: 864-874.

e Page60f7 o


http://www.ncbi.nlm.nih.gov/pubmed/1597042
http://www.ncbi.nlm.nih.gov/pubmed/1597042
http://www.ncbi.nlm.nih.gov/pubmed/1597042
http://www.ncbi.nlm.nih.gov/pubmed/1597042
http://www.ncbi.nlm.nih.gov/pubmed/1597042
http://dx.doi.org/10.4172/2329-9541.1000135

Citation:

Angeletti S, Fogolari M, Capone F, Morolla D, Costantino S, et al. (2016) Plasma Neutrophil Gelatinase-Associated Lipocalin (NGAL) in

Combination with Procalcitonin (PCT) and MR-Proadrenomedullin (MR-proADM) in the Diagnosis and Prognosis of Sepsis and Sepsis Associated

Acute Kidney Injury. J Immunol Tech Infect Dis 5:1.

doi:http://dx.doi.org/10.4172/2329-9541. 1000135

10.
11.
12.

13.

14.

15.

Volume 5 « Issue 1 « 1000135

Lever A, Mackenzie I (2007) Sepsis: definition, epidemiology, and
diagnosis. BMJ 335: 879-883.

Hotchkiss RS, Karl IE (2003) The pathophysiology and treatment
of sepsis. N Engl ] Med 348: 138-150.

Riedemann NC, Ward PA (2003) Anti-inflammatory strategies
for the treatment of sepsis. Expert Opin Biol Ther 3: 339-350.
Winters BD, Eberlein M, Leung J, Needham DM, Pronovost PJ, et
al. (2010) Long-term mortality and quality of life in sepsis: a
systematic review. Crit Care Med 38: 1276-1283.

Vincent JL, Moreno R, Takala ], Willatts S, De Mendonga A, et al.
(1996) The SOFA (Sepsis-related Organ Failure Assessment)
score to describe organ dysfunction/failure. Intensive Care Med
22:707-710.

Cunningham PN, Dyanov HM, Park P, Wang J, Newell KA, et al.
(2002) Acute renal failure in endotoxemia is caused by TNF
acting directly on TNF receptor-1 in kidney. ] Immunol 168:
5817-5823.

Coca SG, Yusuf B, Shlipak MG, Garg AX, Parikh CR (2009)
Long-term risk of mortality and other adverse outcomes after
acute kidney injury: a systematic review and meta-analysis. Am J
Kidney Dis 53: 961-973.

Molitoris BA, Okusa MD, Palevsky PM, Chawla LS, Kaufman JS,
et al. (2012) Design of clinical trials in AKI: a report from an
NIDDK workshop. Trials of patients with sepsis and in selected
hospital settings. Clin ] Am Soc Nephrol 7: 856-860.

Prowle JR, Bellomo R (2015) Sepsis-associated acute kidney
injury: macrohemodynamic and microhemodynamic alterations
in the renal circulation. Semin Nephrol 35: 64-74.

Wan L, Bagshaw SM, Langenberg C, Saotome T, May C, et al.
(2008) Pathophysiology of septic acute kidney injury: what do we
really know? Crit Care Med 36: $198-203.

Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, et al.
(1993) High serum procalcitonin concentrations in patients with
sepsis and infection. Lancet 341: 515-518.

Angeletti S, Battistoni E, Fioravanti M, Bernardini S, Dicuonzo G
(2013) Procalcitonin and mid-regional pro-adrenomedullin test
combination in sepsis diagnosis. Clin Chem Lab Med 51:
1059-1067.

Suberviola B, Castellanos-Ortega A, Ruiz Ruiz A, Lopez-Hoyos
M, Santibailez M (2013) Hospital mortality prognostication in
sepsis using the new biomarkers suPAR and proADM in a single
determination on ICU admission. Intensive Care Med 39: 1945-
1952.

Angeletti S, Spoto S, Fogolari M, Cortigiani M, Fioravanti M, et
al. (2015) Diagnostic and prognostic role of procalcitonin (PCT)
and MR-pro-Adrenomedullin (MR-proADM) in bacterial
infections. APMIS 123: 740-748.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, et al.
(2007) Acute Kidney Injury Network: report of an initiative to
improve outcomes in acute kidney injury. Crit Care 11: R31.
Haase M, Bellomo R, Devarajan P, Schlattmann P, Haase-Fielitz
A; NGAL Meta-analysis Investigator Group (2009) Accuracy of
neutrophil gelatinase-associated lipocalin (NGAL) in diagnosis
and prognosis in acute kidney injury: a systematic review and
meta-analysis. Am J Kidney Dis 54: 1012-1024.

Kim H, Hur M, Cruz DN, Moon HW, Yun YM (2013) Plasma
neutrophil gelatinase-associated lipocalin as a biomarker for
acute kidney injury in critically ill patients with suspected sepsis.
Clin Biochem 46: 1414-1418.

Martensson J, Bell M, Xu S, Bottai M, Ravn B, et al. (2013)
Association of plasma neutrophil gelatinase-associated lipocalin
(NGAL) with sepsis and acute kidney dysfunction. Biomarkers
18: 349-356.

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, et al.
(2013) Surviving Sepsis Campaign: international guidelines for
management of severe sepsis and septic shock, 2012. Intensive
Care Med 39: 165-228.

Horan TC, Andrus M, Dudeck MA (2008) CDC/NHSN
surveillance definition of health care-associated infection and
criteria for specific types of infections in the acute care setting.
Am J Infect Control 36: 309-332.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE (1985)
APACHE 1II: a severity of disease classification system. Crit Care
Med 13: 818-829.

Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, et
al. (1998) Use of the SOFA score to assess the incidence of organ
dysfunction/failure in intensive care units: results of a
multicenter, prospective study. Working group on "sepsis-related
problems" of the European Society of Intensive Care Medicine.
Crit Care Med 26: 1793-1800.

Kajdacsy-Balla Amaral AC, Andrade FM, Moreno R, Artigas A,
Cantraine E et al. (2005) Use of the sequential organ failure
assessment score as a severity score. Intensive Care Med 31:
243-249.

Florkowski CM (2008) Sensitivity, specificity, receiver-operating
characteristic  (ROC) curves and likelihood ratios:
communicating the performance of diagnostic tests. Clin
Biochem Rev 29: S83-87.

Macdonald SP, Stone SE Neil CL, van Eeden PE, Fatovich DM, et
al. (2014) Sustained elevation of resistin, NGAL and IL-8 are
associated with severe sepsis/septic shock in the emergency
department. PLoS One 9: e110678.

e Page70f7 o


http://www.ncbi.nlm.nih.gov/pubmed/17962288
http://www.ncbi.nlm.nih.gov/pubmed/17962288
http://www.ncbi.nlm.nih.gov/pubmed/12519925
http://www.ncbi.nlm.nih.gov/pubmed/12519925
http://www.ncbi.nlm.nih.gov/pubmed/12662146
http://www.ncbi.nlm.nih.gov/pubmed/12662146
http://www.ncbi.nlm.nih.gov/pubmed/20308885
http://www.ncbi.nlm.nih.gov/pubmed/20308885
http://www.ncbi.nlm.nih.gov/pubmed/20308885
http://www.ncbi.nlm.nih.gov/pubmed/8844239
http://www.ncbi.nlm.nih.gov/pubmed/8844239
http://www.ncbi.nlm.nih.gov/pubmed/8844239
http://www.ncbi.nlm.nih.gov/pubmed/8844239
http://www.ncbi.nlm.nih.gov/pubmed/12023385
http://www.ncbi.nlm.nih.gov/pubmed/12023385
http://www.ncbi.nlm.nih.gov/pubmed/12023385
http://www.ncbi.nlm.nih.gov/pubmed/12023385
http://www.ncbi.nlm.nih.gov/pubmed/19346042
http://www.ncbi.nlm.nih.gov/pubmed/19346042
http://www.ncbi.nlm.nih.gov/pubmed/19346042
http://www.ncbi.nlm.nih.gov/pubmed/19346042
http://www.ncbi.nlm.nih.gov/pubmed/22442184
http://www.ncbi.nlm.nih.gov/pubmed/22442184
http://www.ncbi.nlm.nih.gov/pubmed/22442184
http://www.ncbi.nlm.nih.gov/pubmed/22442184
https://www.researchgate.net/publication/273833029_Sepsis-Associated_Acute_Kidney_Injury_Macrohemodynamic_and_Microhemodynamic_Alterations_in_the_Renal_Circulation
https://www.researchgate.net/publication/273833029_Sepsis-Associated_Acute_Kidney_Injury_Macrohemodynamic_and_Microhemodynamic_Alterations_in_the_Renal_Circulation
https://www.researchgate.net/publication/273833029_Sepsis-Associated_Acute_Kidney_Injury_Macrohemodynamic_and_Microhemodynamic_Alterations_in_the_Renal_Circulation
http://www.ncbi.nlm.nih.gov/pubmed/18382194
http://www.ncbi.nlm.nih.gov/pubmed/18382194
http://www.ncbi.nlm.nih.gov/pubmed/18382194
http://www.ncbi.nlm.nih.gov/pubmed/8094770
http://www.ncbi.nlm.nih.gov/pubmed/8094770
http://www.ncbi.nlm.nih.gov/pubmed/8094770
http://www.ncbi.nlm.nih.gov/pubmed/23072859
http://www.ncbi.nlm.nih.gov/pubmed/23072859
http://www.ncbi.nlm.nih.gov/pubmed/23072859
http://www.ncbi.nlm.nih.gov/pubmed/23072859
http://www.ncbi.nlm.nih.gov/pubmed/23949703
http://www.ncbi.nlm.nih.gov/pubmed/23949703
http://www.ncbi.nlm.nih.gov/pubmed/23949703
http://www.ncbi.nlm.nih.gov/pubmed/23949703
http://www.ncbi.nlm.nih.gov/pubmed/23949703
http://www.ncbi.nlm.nih.gov/pubmed/26058482
http://www.ncbi.nlm.nih.gov/pubmed/26058482
http://www.ncbi.nlm.nih.gov/pubmed/26058482
http://www.ncbi.nlm.nih.gov/pubmed/26058482
http://www.ncbi.nlm.nih.gov/pubmed/17331245
http://www.ncbi.nlm.nih.gov/pubmed/17331245
http://www.ncbi.nlm.nih.gov/pubmed/17331245
http://www.ncbi.nlm.nih.gov/pubmed/19850388
http://www.ncbi.nlm.nih.gov/pubmed/19850388
http://www.ncbi.nlm.nih.gov/pubmed/19850388
http://www.ncbi.nlm.nih.gov/pubmed/19850388
http://www.ncbi.nlm.nih.gov/pubmed/19850388
http://www.ncbi.nlm.nih.gov/pubmed/23747960
http://www.ncbi.nlm.nih.gov/pubmed/23747960
http://www.ncbi.nlm.nih.gov/pubmed/23747960
http://www.ncbi.nlm.nih.gov/pubmed/23747960
http://www.ncbi.nlm.nih.gov/pubmed/23627612
http://www.ncbi.nlm.nih.gov/pubmed/23627612
http://www.ncbi.nlm.nih.gov/pubmed/23627612
http://www.ncbi.nlm.nih.gov/pubmed/23627612
http://www.ncbi.nlm.nih.gov/pubmed/23361625
http://www.ncbi.nlm.nih.gov/pubmed/23361625
http://www.ncbi.nlm.nih.gov/pubmed/23361625
http://www.ncbi.nlm.nih.gov/pubmed/23361625
http://www.ncbi.nlm.nih.gov/pubmed/18538699
http://www.ncbi.nlm.nih.gov/pubmed/18538699
http://www.ncbi.nlm.nih.gov/pubmed/18538699
http://www.ncbi.nlm.nih.gov/pubmed/18538699
http://www.ncbi.nlm.nih.gov/pubmed/3928249
http://www.ncbi.nlm.nih.gov/pubmed/3928249
http://www.ncbi.nlm.nih.gov/pubmed/3928249
http://www.ncbi.nlm.nih.gov/pubmed/9824069
http://www.ncbi.nlm.nih.gov/pubmed/9824069
http://www.ncbi.nlm.nih.gov/pubmed/9824069
http://www.ncbi.nlm.nih.gov/pubmed/9824069
http://www.ncbi.nlm.nih.gov/pubmed/9824069
http://www.ncbi.nlm.nih.gov/pubmed/9824069
http://www.ncbi.nlm.nih.gov/pubmed/15668764
http://www.ncbi.nlm.nih.gov/pubmed/15668764
http://www.ncbi.nlm.nih.gov/pubmed/15668764
http://www.ncbi.nlm.nih.gov/pubmed/15668764
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556590/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556590/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556590/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556590/
http://www.ncbi.nlm.nih.gov/pubmed/25343379
http://www.ncbi.nlm.nih.gov/pubmed/25343379
http://www.ncbi.nlm.nih.gov/pubmed/25343379
http://www.ncbi.nlm.nih.gov/pubmed/25343379
http://dx.doi.org/10.4172/2329-9541.1000135

	Contents
	Plasma Neutrophil Gelatinase-Associated Lipocalin (NGAL) in Combination with Procalcitonin (PCT) and MR-Proadrenomedullin (MR-proADM) in the Diagnosis and Prognosis of Sepsis and Sepsis Associated Acute Kidney Injury
	Abstract
	Keywords:
	Introduction
	Methods
	Patients selection and study design
	Plasma PCT, MR-proADM, NGAL and creatinine measurement
	Statistical analysis

	Results
	Patients and controls characteristics
	Plasma PCT, MR-proADM, NGAL and creatinine average values comparison (Mann-Whitney for independent samples)
	Comparison of paired PCT, MR-proADM and NGAL between T0=, T=1 and T=3-5 in septic patients (Wilcoxon test for paired samples)
	Rank-correlation of plasma NGAL with paired PCT, MR-proADM and creatinine values in the patients population
	Plasma PCT and NGAL values according to the five PCT classes used to classify subjects enrolled in the study population
	Rank-correlation between plasma NGAL, PCT, MR-proADM values and APACHE II and SOFA scores
	Plasma NGAL and sepsis diagnostic accuracy: ROC curves and areas under the curves (AUCs) analysis

	Discussion
	Study Limitation
	References


