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Abstract. — OBJECTIVE: The clinical value
of increased levels of neutrophil gelatinase-as-
sociated lipocalin (NGAL) in patients with sep-
tic acute kidney injury (AKI) is still unclear. This
study aimed to assess the link between illness
severity and NGAL in patients with septic AKI.

PATIENTS AND METHODS: This is a retro-
spective observational study that took place at
the Fourth Hospital of Hebei Medical University,
Shijiazhuang, China. The cohort included 365
patients who were admitted to the ICU during
the 21-month period. Of them, 18 patients were
diagnosed with sepsis (septic group). The aver-
age age of patients in the septic group was over
65, and 60.00% of them eventually progressed
to septic AKI. Plasma NGAL (pNGAL) and urine
NGAL (uNGAL) levels at defined time points
were measured. AKI staging was done based on
the Kidney Disease Improving Global Outcomes
(KDIGO) classification. The Sequential Organ
Failure Assessment (SOFA) and Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) I
scores were determined. Patterns and associ-
ations between NGAL levels with SOFA scores
and different stages of septic AKI were investi-
gated.

RESULTS: Both pNGAL and uNGAL showed a
positive correlation with SOFA and proved to be
reliable predictors of the same. Furthermore, the
accuracy of severe sepsis (SOFA = 8) was 0.67
for pNGAL and 0.66 for uNGAL. Real-time detec-
tion of pNGAL and uNGAL indicated that they
were good biomarkers of severe septic AKI. Ar-
ea under the receiver operating characteristic
(AUROC) for pNGAL and uNGAL were 0.72 (0.69-
0.85), and 0.83 (0.71-0.95), respectively. Howev-
er, only patients with KDIGO 3 AKI presented
significantly elevated levels of pNGAL (p < 0.05).
Furthermore, the uNGAL level at each stage of
septic AKI was higher than that of the non-AKI
period (p < 0.01).

CONCLUSIONS: In patients with septic AKI,
levels of NGAL correlated with SOFA. Levels of
PNGAL were good predictors of severe kidney
injury and uNGAL levels could detect mild stag-
es of AKI.
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Abbreviations

AKI: NGAL, neutrophil gelatinase-associated lipo-
calin; septic AKI, acute kidney injury caused by sepsis;
PNGAL, plasma NGAL; uNGAL, urine NGAL; AU-
ROC, area under the receiver operator characteristic;
AKI, acute kidney injury; ICU, intensive care unit;
KDIGO, Kidney Disease Improving Global Outcomes;
APACHE 11, Acute Physiology and Chronic Health Eval-
uation; CI, confidence interval; RRT, renal replacement
therapy.

Introduction

Despite current progress in the pathophys-
iology, definition, and management of sepsis,
the short-term mortality rate of septic patients
remains high, especially in developing coun-
tries', which further emphasizes the importance
of timely decisions on the best treatment for this
group of patients?.

Sepsis often affects critically sick patients’
and is associated with significantly worse prog-
nosis compared to the general ICU population®.
Therefore, it is crucial to rapidly stratify the risk
of sepsis progression, which changes with time,
especially during the early phase after admission.
Sequential Organ Failure Assessment (SOFA)
and APACHE 1I scores had the best accuracy
in predicting multiple organ dysfunction/failure,
duration of using a ventilator, and hospital mor-
tality in adult septic patients>‘. Previous studies®
showed that SOFA score is a reliable indicator of
bad prognosis of patients with sepsis. Therefore,
identifying effective biomarkers to evaluate SO-
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FA and APACHE II scores of early-stage septic
patients after admission may further improve
their prognosis.

In the past decade, studies™ showed that neu-
trophil gelatinase-associated lipocalin (NGAL) is
a promising indicator of sepsis and septic AKI’
and may predict poor prognoses in patients with
suspected sepsis®. However, NGAL levels in most
studies™'° were measured only on admission or two
days or more after the admission, which did not
allow for monitoring the changes in NGAL levels
with the progression of sepsis. We hypothesized
that dynamic changes of NGAL in the beginning
of sepsis be used to inform timely risk stratifica-
tion adjustment and improve clinical therapy of
septic patients. Therefore, this study aims to mon-
itor and assess p- and u- NGAL levels in patients
with severe sepsis within 72 hours of arrival in
order to ascertain how they may be related to the
SOFA score and various stages of AKI.

Patients and Methods

Study Population

This retrospective study was conducted in
a high-volume hospital in Shijiazhuang, China.
The study was conducted between March 2020
and December 2021, and the medical records of
every patient admitted to the ICU were evaluated.
Exclusion criteria were as follows: 1) age < 18, 2)
inflammatory bowel disease, 3) required dialysis
therapy, 3) history of renal diseases, 4) history
of malignancy, 5) specimens were not obtained
as scheduled, or the patient died within 72 hours
after the admission.

Patients were grouped based on the Sepsis-3
criteria!! that included (1) systolic blood pressure
(SBP) < 100 mmHg), (2) high respiratory rate (>
22 breaths per min), or (3) altered mental state
(Glasgow coma scale < 15). The stage of AKI
[no AKI (non-AKI), stage 1, stage 2, and stage
3] was assessed based on the KDIGO criteria, as
described below'.

Demographic data of all patients, comorbid-
ities, and origin of infection were recorded at
inclusion. Vital signs, blood parameters, urine
output, and use of vasopressors or furosemide
were obtained in real-time, and serial research
blood and urine sampling collection were ob-
tained over the first 72 hours as scheduled after
the admission. SOFA score and APACHE II score
(assesses disease severity based on current phys-
iologic measurements, age, and previous health

conditions) were calculated sequentially in accor-
dance with the worst-case data. When available,
basal serum creatinine levels were obtained from
the measurements done one year preceding the
onset of sepsis. In case of absent basal serum
creatinine data, values were estimated according
to the KDIGO guidelines'. Baseline urine output
(0 hours after inclusion) was the amount of urine
excreted by the hour during the first 6 hours after
the admission.

Blood and Urine Sampling and Assays

Blood and urine samples were collected within
the first 72 hours after the admission, centri-
fuged at 1,500 x g or 1,000 x g for 10 min, and
stored at -80°C. NGAL was determined using an
Enzyme-Linked Immunosorbent Assay (ELISA),
and the dilution ratio was 1:100.

Defined Stage of AKI

Stage of AKI was categorized according to
KDIGO guidelines at 0, 12, 24, 48, and 72 h
after the admission. Patients were classified as
non-AKI (without AKI), stage 1, stage 2, and
stage 3 after inclusion according to the KDIGO
classification.

Statistical Analysis

Results were presented as the median with a
95% confidence interval (CI), while categorical
variables were presented as n (%). ANOVA or
the Chi-square test was used, if necessary, to
compare groups. Logistic regression models and
the AUROC were used to assess the connections
between the biomarker value at presentation and
the clinical ratings of patients with septic shock.
SPSS 16 (SPSS Inc., Chicago, IL, USA) was used
for all analyses, and significance was determined
by p < 0.05.

Results

Study Population

During the 21-month observation period, a
total of 365 patients were admitted to the ICU.
In accordance with the predetermined criteria,
18 of these patients were included in the septic
group (Figure 1). Most patients were females
(55.6%), and 61.1% of patients were older than
65. The etiology of sepsis was identified as in-
tra-abdominal, ling, soft tissue, urinary tract, and
coinfections in 13 (72.2%), 7 (38.89%)), 1 (5.56%),
4 (22.22%), and 4 (22.22%) patients, respectively.
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Exclusion criteria
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A history of chronic kidney disease

A need for dialysis program
A history of malignancy

A history of inflammatory bowel disease W I
A history of Renal transplantation J

P>

Sepsis 3 criteria

Non-sepsis
N =267

Sepsis

N =98 Exclusion criteria
1.  Refusal to participate (N = 44)
2. Absence of consent (N = 2)
3. Failure to collect all specimens within 72h

T after ICU admission (N = 28)
Sepsis group 4. Dead within 72h after ICU admission (N = 6)
N =18

Evaluate
schedule

KODIGO criteria of AKI

Total observation time point (n = 90)

d for 72 hours after admission
d time: Oh, 12h, 24h, 48h, 72h

Non-AKI KDIGO 1
(40%) (14.44%)

KDIGO 2 [ KDIGO 3 ]
(10%) (35.56%)

Figure 1. Flow chart of the enrolled patients.

The stages of AKI, SOFA, and APACHE scores
were assessed at five-time points within the first
72 hours post-admission. Of total time points (5
per patient, total n = 90), 40.00% were Non-AKI
(n = 36), and 60.00% were AKI (n = 54). Of
them, according to the KDIGO criteria, 14.44%
were stage 1 (KDIGO 1), 10.00% were stage 2
(KDIGO 2), and 35.56% were stage 3 (KDIGO 3).
Moreover, vasopressors were required for 14.44%

of the tracking time, and mechanical ventilation
was required for 43.33% of the tracked time. Most
APACHE score measurements were higher than
10 (97.78%), and most SOFA scores were higher
than 7 (77.78%). As shown in Table I, APACHE
and SOFA scores, as well as pNGAL and uNGAL
showed significant differences between the four
stages of septic AKI (APACHE p = 0.02, SOFA,
pPNGAL and uNGAL, all p = 0.001).

Table I. Demographic characteristics within 72 hours after ICU admission.

Parameter Non-AKI KDIGO 1 KDIGO 2 KDIGO 3 p-value
N 36 13 9 32 -
MAP (mmHg) 77 (58-102) 79 (69-91) 90 (86-95) 77 (57-114) 0.568
heart rate (bpm) 108 (51-160) 118 (82-146) 135 (117-160) 122 (98-151) 0.18
Lactate (mmol/I) 2.17 (0.90-4.60) 3.34 (2.20-5.50) 3.56 (1.60-6.70) 2.25(0.90-8.50) 0.06
Mechanical ventilation 14 (40) 9(53) 9 (60) 17 (55) 0.27
()]
Bilirubin (mg/dL) 58.36 (11.21-160.17)  56.62 (16.33-119.98) 62.46 (21.09-173.23) 75.99 (17.14-186.15) 0.86
albumin (g/dL) 26.91 (1.3-33.2) 254 (20.3-33.2) 27.06 (24.2-34.0) 25.73 (20.7-30.4) 0.71
urine output (ml/kg/h)  88.42 (38.33-179.16)  76.17 (26.00-120.00)  70.13 (18.43-56.25) 60.44 (6.00-91.66) 0.04
creatinine (umol/l) 45.88 (18.80-89.00) 99.06 (85.40-122.50)  132.64 (68.20-185.00)  281.71 (209.30-407.60) 0.001
CRP (mg/L) 117.28 (48.0-158.8) 181.43 (174.4-188.4) 167.2 (133.4-186.1) 164.97 (141.2-177.1) 0.018
Platelet count (10%ul)  60.27 (14.0-123.0) 63.4 (40.0-92.0) 148.2 (65.0-311.0) 170.67 (55.0-381.0) 0.001
APACHE 17.1 (7.0-25.0) 17.86 (11.0-21.0) 17.4 (12.0-20.0) 22.56 (12.0-32.0) 0.02
SOFA 7.89 (4.0-14.0) 13 (11.0-15.0) 14.2 (7.0-19.0) 13.61 (4.0-24.0) 0.001
pNGAL 165.28 (72.16-263.68)  193.68 (84.74-278.12)  202.2 (130.64-339.52)  323.75 (192.60-533.35) 0.001
uNGAL 4.02 (0.07-8.22) 6.7 (4.01-9.06) 8.72 (6.82-10.03) 8.32 (5.21-10.52) 0.001

MAP = mean arterial pressure; CRP = C-reactive protein; APACHE = acute physiology and chronic health evaluation II; SOFA
= sequential organ failure assessment; pNGAL = plasma neutrophil gelatinase-associated lipocalin; uNGAL = urine neutrophil
gelatinase-associated lipocalin; Non-AKI = non acute kidney injury; KDIGO 1 = Kidney Disease Improving Global Outcomes

stage 1; KDIGO 2 = Kidney Disease Improving Global Outcom
Outcomes stage 3.
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Levels of pNGAL and uNGAL at
Different Stages of Septic AKI

Levels of pNGAL and uNGAL were measured
in septic patients at scheduled time points and
represented as bar graphs in Figures 2A and 2B.
The point-of-care testing of pNGAL and uN-
GAL stratified septic AKI within 72 hours after
admission [pNGAL AUROC 0.82 (95% CI 0.69-
0.95, p < 0.001), uNGAL area under the receiver
operating characteristic curve (AUC-ROC) 0.83
(95% CI1 0.71-0.95, p < 0.001)]. The cut-off levels
for p- and u- NGAL were 232.76 and 5.12 ng/ml,
respectively. To study the different prediction val-
ues of pNGAL and uNGAL, we evaluated them
at different stages of septic AKI. We found that
pNGAL concentrations were only significantly
elevated during KDIGO 3 (p < 0.001) but not
during KDIGO 2-3 relative to Non-AKI (p >
0.05). This suggested that pPNGAL was an accu-
rate predictor of serious septic AKI with the op-
timal cut-off level [AUC-ROC 0.91 (95% CI 0.83-
0.99)]. Levels of uNGAL at each stage of septic
AKI (KDIGO 1-3) were significantly higher than
in Non-AKI patients (KDIGO 1 and KDIGO 2-3
both p < 0.01). However, no difference was found
between uNGAL levels at KDIGO 3 and at mild-
er stages of septic AKI (p > 0.05). The predictor
value of NGAL (pNGAL and uNGAL) is shown
in Figure 3A, 3B, and Table II.

Evaluating the Relationship Between NGAL
and Clinical Condition of Septic Patients

For the in-time evaluation of a septic pa-
tient’s condition, we obtained dynamic scores for

APACHE and SOFA within 72 hours after admis-
sion and determined the changes over scheduled
time points in patients with or without AKI (Fig-
ure 4). SOFA scores were higher in AKI patients
compared to patients without AKI, since kidney
injury is a major part of multiple organ function
damage and results in the deterioration of septic
patient condition scores. Furthermore, APACHE
scores were higher in KDIGO 3 compared to
Non-AKI and mild stages of AKI (KDIGO 1-2)
(Non-AKI p < 0.01, KDIGO 12 p < 0.05). We
found that pNGAL and uNGAL had different
predictive values. While pNGAL showed a signif-
icant correlation with both APACHE and SOFA
scores, uNGAL only positively correlated with
the SOFA score (r = 0.46, p < 0.001) (Figure
5). Additionally, both pPNGAL and uNGAL had
a moderate level of diagnostic accuracy when
categorizing patients with sepsis and multiple
organ failure (SOFA > 8). The AUC-ROC values
for pPNGAL and uNGAL were 0.67 and 0.66,
respectively, and the cut-off values were 263.92
ng/ml and 7.39 ng/ml, respectively (Figure 6 and
Table III).

Discussion

Our results showed that plasma and urine lev-
els of NGAL correlated with SOFA and APACHE
II scores of patients with septic AKI. Levels of
pPNGAL had a good predictive value for severe
kidney injury, while uNGAL levels could detect
mild stages of AKI.

Bl pNGAL

*3k ok
&&
400

320

240

160
80
0
Non-AKI

(ng/ml)

#
# ﬁ

KDIGO 1 KDIGO 2 KDIGO 3

*kk
I weAL #
% % %
10 4
*k

8
=
£ 6
£
o0
=

4 A

P

0

Non-AKI KDIGO 1 KDIGO 2 KDIGO 3

Figure 2. A, pNGAL in different stage of septic AKI. B, uNGAL in different stage of septic AKI. pPNGAL: plasma neutrophil
gelatinase-associated lipocalin; uNGAL: urine neutrophil gelatinase-associated lipocalin; AKI: acute kidney injury. ***p <
0.001, relative to Non-AKI, **p < 0.01, relative to Non-AKI. p < 0.01.
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Figure 3. A, ROC curves of pPNGAL and uNGAL in predicting septic AKI. B, ROC curves of pNGAL and uNGAL in
predicting severe septic AKI. ROC: receiver operating characteristic; pNGAL: plasma neutrophil gelatinase-associated
lipocalin; uNGAL: urine neutrophil gelatinase-associated lipocalin; AKI: acute kidney injury.

Table Il. Diagnostic characteristics of pPNGAL and uNGAL to predict septic AKI within 72 hours after admission.

Variables

Cutoff value

AUC-ROC

Compared to all non-AKI time

pPNGAL >232.76 ng/ml 0.82 (0.69-0.95)
uNGAL >5.12 ng/ml 0.83 (0.71-0.95)
Compared to all non-AKI and mild AKI time

pNGAL >264.57 ng/ml 0.91 (0.83-0.99)
uNGAL > 6.89 ng/ml 0.75 (0.61-0.89)

pNGAL = plasma neutrophil gelatinase-associated lipocalin; uNGAL = urine neutrophil gelatinase-associated lipocalin; AUC-
ROC = area under the curve of the receiver operating characteristic; AKI = acute kidney injury.
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Figure 4. SOFA and APACHE scores in different stages of septic AKIL. ***p < 0.001, relative to Non-AKI, **p < 0.01,
relative to Non-AKI. p < 0.05, relative to KDIGOI-2 times. “p > 0.05, relative to Non-AKI in APACHE scores, or relative
to KDIGO1-2 times in SOFA scores. APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ
Failure Assessment; AKI: acute kidney injury; KDIGO 2: Kidney Disease Improving Global Outcomes stage 2.
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Figure 5. The relationships between NGAL with SOFA or APACHE. NGAL: neutrophil gelatinase-associated lipocalin;
SOFA: Sequential Organ Failure Assessment; APACHE: Acute Physiology and Chronic Health Evaluation.
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Figure 6. The predictive value of instant levels of pPNGAL
and uNGAL with SOFA of severe septic patients. pNGAL:
plasma neutrophil gelatinase-associated lipocalin; uNGAL:
urine neutrophil gelatinase-associated lipocalin; SOFA: Se-
quential Organ Failure Assessment; APACHE: Acute Phys-
iology and Chronic Health Evaluation.

In the early stages of AKI, levels of NGAL,
a member of the lipocalin superfamily, are in-
creased in the urine and plasma, 24-48h earlier
than the plasma creatinine peak. Therefore, a
rise in pNGAL and uNGAL concentration may
serve as an early indicator of renal failure'.
While some studies'>'°reported that NGAL is a
useful biomarker for the early diagnosis of sep-
tic AKI, the clinical value of pNGAL and uN-
GAL levels is still unclear. A meta-analysis by
Zhang et al' concluded that pNGAL and uN-
GAL had good predictive value for septic AKI
(AUC = 0.86 and 0.90, respectively). However,
the specificity of pNGAL was only 0.57, and
0.80 for uNGAL". These results were similar
to a Korean study', where the diagnostic accu-
racy of pNGAL was 0.881 for sensitivity, 0.474
for specificity, and 0.216 for positive predictive
value. These results showed that pNGAL has a
poor specificity and positive predictive value
for septic AKI but a high sensitivity for the
identification of AKI. Additionally, the abili-
ty of p- and u- NGAL levels alone to predict
critically sick patients’ requirement for renal
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Table Ill. Diagnostic characteristics of pPNGAL and uNGAL to predict SOFA within 72 hours after admission.

Variables

Cutoff value AUC-ROC

SOFA <8
pNGAL
uNGAL
SOFA > 8
pNGAL
uNGAL

— 0.33 (0.17-0.49)
— 0.34 (0.17-0.51)

>263.92 ng/ml
>7.39 ng/ml

0.67 (0.51-0.83)
0.66 (0.49-0.83)

pNGAL = plasma neutrophil gelatinase-associated lipocalin; uNGAL = urine neutrophil gelatinase-associated lipocalin; AUC-
ROC = area under the curve of the receiver operating characteristic; SOFA = sequential organ failure assessment.

replacement therapy (RRT) varied'®. Therefore,
the role of NGAL in septic AKI needs to be
studied further.

Our results may provide a possible expla-
nation for the difference, observed in previous
reports>'®. We showed that real-time detection
of pPNGAL was a good indicator for septic AKI
patients. However, pNGAL concentrations were
only elevated significantly during KDIGO 3 of
septic AKI, and not during KDIGO 1-2 of AKI,
compared to non-AKI (p > 0.05). This suggested
that while pPNGAL is useful in predicting serious
septic AKI, it should be used with caution when
evaluating mild septic AKI cases.

A previous study” reported that uUNGAL was
able to predict severe AKI during hospitalization
in critically ill adults independently, but the pre-
dictive value was moderate with an AUROC of
0.64 (95% CI 0.57-0.71). In the current study, in-
stant uNGAL stratified septic AKI in critically ill
patients within 72 hours, with an AUROC of 0.83.

NGAL is expressed in kidney, hepatic, lung,
and gut epithelial cells in response to serious
injury?’, especially when induced by infection.
Therefore, changes in the levels of NGAL may
indicate the occurrence and development of isch-
emia-reperfusion injury of kidneys, mucosal
injury in Crohn’s disease, bronchial inflamma-
tion in chronic obstructive pulmonary disease,
and hematological disorders. Other studies'**'
reported that NGAL was elevated significantly
in bacterial infections and viral infections. This
suggests the specificity of NGAL to detect septic
AKI may be limited in critically ill patients, but
its prediction value for critical illness might be
useful. Therefore, the precise use of NGAL for
diagnostic testing requires further study?***.

The current study showed that pNGAL and
uNGAL moderately correlated with SOFA scores
of sepsis patients. However, the use of NGAL
alone is not sufficient to predict the risk. There-
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fore, the use of combinations of parameters (such
as biomarker panel) may contribute significantly
to the prognostic value of SOFA score. Moreover,
as demonstrated before, there was a greater cor-
relation between SOFA scores and uNGAL than
with pNGAL?. The use of urine biomarkers can
help patients avoid excessive blood loss. There-
fore, biomarker panels, including uNGAL, may
help improve early clinical judgement®*.

Conclusions

Levels of NGAL in blood and urine correlated
with SOFA scores in patients with severe sepsis
and may provide accurate information regarding
the severity of sepsis. Plasma NGAL level was
a good predictor of severe kidney injury, while
urine NGAL levels detected mild stage septic
AKIL

Conflict of Interest

We certify that none of our associations or business inter-
ests pose a conflict of interest with respect to the work that
has been submitted.

Funding
This work was supported by three Key projects of Med-

ical Science Research in Hebei Province (grant number
20170548, 20230933, and 20230838).

Authors’ Contribution

MH participated in the study’s design, carried out the ex-
periments, and analyzed the data in addition to writing the
article. LZ, XGL, and DHZ offered technical assistance.
The research was created, planned, and executed under the
direction of MYQ. YXW contributed ideas to the research
and assisted in the rewriting of the paper. The final draft
was authorized by all writers, who also reviewed and made
contributions to the paper.



The impact of instant NGAL level on the severity of septic acute kidney injury

Ethics Approval

The study was approved by the Ethics Committee of The
Hebei Medical University (No.: 2017-R217; Date: December
7th, 2017). The study was conducted in compliance of Hel-
sinki Declaration and its latest amendments.

Informed Consent
Informed consent was obtained from all patients.

Data Availability
The data used to support the findings of this study are in-
cluded in the article..

ORCID ID

Mei Han: 0000-0003-2202-6618
Donghong Zhang: 0009-0004-0242-4509
Lei Zhao: 0009-0005-9683-998X
Xiaoguang Liu: 0009-0005-2284-8154
Yaoxian Wang: 0009-0008-8568-4128
Mingyi Qin: 0009-0003-7019-2749

References

1) Wang RH, Xie YX, Qiu JW, Chen JY. Influence of
LincRNA-p21 on acute lung injury in sepsis. Eur
Rev Med Pharmacol Sci 2020; 24: 5618-5626.

2) Jiang ZM, Yang QH, Zhu CQ. UCP2 in early di-
agnosis and prognosis of sepsis. Eur Rev Med
Pharmacol Sci 2017; 21: 549-553.

3) McPherson D, Griffiths C, Williams M, Baker A,
Klodawski E, Jacobson B, Donaldson L. Sep-
sis-associated mortality in England: an analysis
of multiple cause of death data from 2001 to 2010.
BMJ Open 2013; 3: e002586.

4) Kuo WK, Hua CC, Yu CC, Liu YC, Huang CY.
The cancer control status and APACHE Il score
are prognostic factors for critically ill patients with
cancer and sepsis. J Formos Med Assoc 2020;
119: 276-281.

5) Kangelaris KN, Clemens R, Fang X, Jauregui A,
Liu T, Vessel K, Deiss T, Sinha P, Leligdowicz A,
Liu KD, Zhuo H, Alder MN, Wong HR, Calfee CS,
Lowell C, Matthay MA. A neutrophil subset de-
fined by intracellular olfactomedin 4 is associated
with mortality in sepsis. Am J Physiol Lung Cell
Mol Physiol 2021; 320: L892-L902.

6) Raith EP, Udy AA, Bailey M, McGloughlin S, Ma-
clsaac C, Bellomo R, Pilcher DV, Australian and
New Zealand Intensive Care Society (ANZICS)
Centre for Outcomes and Resource Evaluation
(CORE). Prognostic Accuracy of the SOFA Score,
SIRS Criteria, and qSOFA Score for In-Hospital
Mortality Among Adults With Suspected Infection
Admitted to the Intensive Care Unit. JAMA 2017;
317: 290-300.

7)

10)

11)

12)

13)

14)

15)

16)

Zhang CF, Wang HJ, Tong ZH, Zhang C, Wang
YS, Yang HQ, Gao RY, Shi HZ. The diagnos-
tic and prognostic values of serum and urinary
kidney injury molecule-1 and neutrophil gelati-
nase-associated lipocalin in sepsis-induced
acute renal injury patients. Eur Rev Med Pharma-
col Sci 2020; 24: 5604-5617.

Roli L, Pecoraro V, Trenti T. Can NGAL be em-
ployed as prognostic and diagnostic biomarker in
human cancers? A systematic review of current
evidence. Int J Biol Markers 2017; 32: e53-e61.

Xie Y, Huang P, Zhang J, Tian R, Jin W, Xie H, Du
J, Zhou Z, Wang R. Biomarkers for the diagnosis
of sepsis-associated acute kidney injury: system-
atic review and meta-analysis. Ann Palliat Med
2021; 10: 4159-4173.

Kim S, Kim HJ, Ahn HS, Song JY, Um TH, Cho
CR, Jung H, Koo HK, Park JH, Lee SS, Park HK.
Is plasma neutrophil gelatinase-associated lipo-
calin a predictive biomarker for acute kidney in-
jury in sepsis patients? A systematic review and
meta-analysis. J Crit Care 2016; 33: 213-223.

Yang WS, Kang HD, Jung SK, Lee YJ, Oh SH,
Kim YJ, Sohn CH, Kim WY. A mortality analy-
sis of septic shock, vasoplegic shock and cryptic
shock classified by the third international consen-
sus definitions (Sepsis-3). Clin Respir J 2020; 14:
857-863.

Kullmar M, Massoth C, Ostermann M, Campos S,
Grau Novellas N, Thomson G, Haffner M, Arndt
C, Wulf H, Irgsusi M, Monaco F, Di Prima A, Gar-
cia Alvarez M, ltaliano S, Cegarra SanMartin V,
Kunst G, Nair S, LAcqua C, Hoste EAJ, Vanden-
berghe W, Honore PM, Kellum J, Forni L, Grie-
shaber P, Weiss R, Gerss J, Wempe C, Meersch
M, Zarbock A. Biomarker-guided implementa-
tion of the KDIGO guidelines to reduce the occur-
rence of acute kidney injury in patients after car-
diac surgery (PrevAKI-multicentre): protocol for a
multicentre, observational study followed by ran-
domised controlled feasibility trial. BMJ Open
2020; 10: e034201.

Meersch M, Schmidt C, Hoffmeier A, Van Aken
H, Wempe C, Gerss J, Zarbock A. Prevention of
cardiac surgery-associated AKI by implementing
the KDIGO guidelines in high-risk patients identi-
fied by biomarkers: the PrevAKI randomized con-
trolled trial. Intensive Care Med 2017; 43: 1551-
1561.

Xu C, Lin S, Mao L, Li Z. Neutrophil gelati-
nase-associated lipocalin as predictor of acute
kidney injury requiring renal replacement thera-
py: A systematic review and meta-analysis. Front
Med (Lausanne) 2022; 9: 859318.

Sridharan K, Al Jufairi M, Al Segai O, Al Ansari E,
Hashem Ahmed H, Husain Shaban G, Malalla Z,
Al Marzooq R, Al Madhoob A, Saeed Tabbara K.
Biomarkers in neonates receiving potential neph-
rotoxic drugs. Eur Rev Med Pharmacol Sci 2021;
25:7078-7088.

Zhang CF, Wang HJ, Tong ZH, Zhang C, Wang
YS, Yang HQ, Gao RY, Shi HZ. The diagnos-

11753



M. Han, D.-H. Zhang, L. Zhao, X.-G. Liu, Y.-X. Wang, M.-Y. Qin

17)

18)

19)

20)

tic and prognostic values of serum and urinary
kidney injury molecule-1 and neutrophil gelati-
nase-associated lipocalin in sepsis induced acute
renal injury patients. Eur Rev Med Pharmacol Sci
2020; 24: 5604-5617.

Zhang A, Cai Y, Wang PF, Qu JN, Luo ZC, Chen
XD, Huang B, Liu Y, Huang WQ, Wu J, Yin YH.
Diagnosis and prognosis of neutrophil gelati-
nase-associated lipocalin for acute kidney injury
with sepsis: a systematic review and meta-analy-
sis. Crit Care 2016; 20: 41.

Gupta B, Tiwari P, Subramanian A, Mahajan S,
Kalaivani M, Bindra A, Kumar S, Gupta A, Ag-
grawal R, Soni KD, Pandey RM. Evaluation of
plasma and urine neutrophil gelatinase-associat-
ed lipocalin (NGAL) as an early diagnostic mark-
er of acute kidney injury (AKI) in critically ill trau-
ma patients. J Anaesthesiol Clin Pharmacol 2023;
39: 292-301.

Siew ED, Ware LB, Gebretsadik T, Shintani A,
Moons KG, Wickersham N, Bossert F, Ikizler TA.
Urine neutrophil gelatinase-associated lipocalin
moderately predicts acute kidney injury in criti-
cally ill adults. J Am Soc Nephrol 2009; 20: 1823-
1832.

Xu SY, Pauksen K, Venge P. Serum measure-
ments of human neutrophil lipocalin (HNL) dis-
criminate between acute bacterial and viral infec-
tions. Scand J Clin Lab Invest 1995; 55: 125-131.

11754

21)

22)

23)

24)

Becerir T, Tokglin O, Yuksel S. The therapeutic
effect of Cilastatin on drug-induced nephrotoxic-
ity: a new perspective. Eur Rev Med Pharmacol
Sci 2021; 25: 5436-5447.

Venge P, Douhan-Hakansson L, Garwicz D, Pe-
terson C, Xu S, Pauksen K. Human Neutrophil
Lipocalin as a Superior Diagnostic Means To
Distinguish between Acute Bacterial and Viral
Infections. Clin Vaccine Immunol 2015; 22: 1025-
1032.

Venge P, Eriksson AK, Holmgren S, Dou-
han-Hakansson L, Peterson C, Xu S, Eriksson
S, Garwicz D, Larsson A, Pauksen K. HNL (Hu-
man Neutrophil Lipocalin) and a multimarker ap-
proach to the distinction between bacterial and
viral infections. J Immunol Methods 2019; 474:
112627.

Karakike E, Scicluna BP, Roumpoutsou M, Mi-
trou I, Karampela N, Karageorgos A, Psaroulis
K, Massa E, Pitsoulis A, Chaloulis P, Pappa E,
Schrijver IT, Frantzeskaki F, Lada M, Dauby N, De
Bels D, Floros I, Anisoglou S, Antoniadou E, Pa-
trani M, Vlachogianni G, Mouloudi E, Antoniadou
A, Grimaldi D, Roger T, Wiersinga WJ, Tsangaris
I, Giamarellos-Bourboulis EJ. Effect of intrave-
nous clarithromycin in patients with sepsis, respi-
ratory and multiple organ dysfunction syndrome:
a randomized clinical trial. Crit Care 2022; 26:
183.



