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Abstract: Objective: This study aimed to analyze the urine neutrophil gelatinase-associated lipocalin (NGAL) level
and mortality in emergency department sepsis (MEDS) score in the prognosis evaluation of patients with sepsis and
acute kidney injury. Methods: Sixty-five patients with sepsis and acute kidney injury admitted to our hospital were
included, retrospectively analyzed, tested for urinary NGAL, and scored for MEDS. Results: (1) NGAL, MEDS, and
mortality were elevated, and the average survival was shortened as acute kidney injury progressed from stage 1 to
2, and then to stage 3 (P<0.05); (2) A linear positive association was observed between the urine NGAL levels and
the MEDS scores (r=0.751, P<0.05); (3) While the predicted sensitivity/specificity based on the urinary NGAL level
was slightly higher/lower than the predicted sensitivity/specificity from the MEDS score, the combination of the two
achieved a significantly higher sensitivity and specificity than when they were applied separately (P<0.05). Conclu-
sion: The combined urinary NGAL levels and MEDS scores have a good application value in the prognosis evaluation

and predication values in the mortality of patients with sepsis and acute kidney injury.

Keywords: Sepsis, acute kidney injury, urine NGAL, MEDS, prognosis, evaluation

Introduction

Known as a critical illness prone to acute onset,
sepsis results in patients being sent to the
emergency department (ED) after they show
systemic inflammatory response syndrome [1]
induced by infection, etc. It progresses rapidly,
and may transform into serious conditions or
even septic shock, leading to multiple organ
dysfunction syndrome [2] if not quickly and
accurately diagnosed, and effectively treated.

It is highly likely that multiple organ dysfunction
can result from sepsis, especially in the kid-
neys, and it can specifically manifest as acute
kidney injury with the highest severity among all
the complications arising from sepsis [3].
Compared with patients suffering only from
sepsis, those with sepsis and acute kidney inju-
ry face a higher mortality, approaching 80% [4].
In addition, studies by Martensson et al. [5]
revealed that over half of acute kidney injuries

result from sepsis, and a considerable number
of studies agree that acute kidney injury is a
major factor in sepsis-related deaths. Therefore,
the early diagnosis and prognosis evaluation of
acute kidney injuries have a great significance
in ensuring that doctors can adjust the treat-
ment plans in a timely manner to reduce the
risk of death. In previous studies, the serum
creatinine levels and urinary volume monitoring
have been described as the main tools in the
diagnosis of acute kidney injury, but they are
somehow hysteretic and subject to multiple
factors. As a result, treatment is delayed and
the acute kidney injury progresses into end
stage renal diseases [6].

With the gradual progression of research, many
a biological marker has been discovered and
applied, including neutrophil gelatinase-associ-
ated lipocalin (NGAL), Interleukin-18 (IL-18),
etc., which express themselves at an elevated
level in the blood and urine of patients at the
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early stage of acute kidney injury, and such ele-
vation is ahead of the time points when chang-
es are observed in the urinary volume and
serum creatinine levels. Therefore, they are sig-
nificant in the early diagnosis of acute kidney
injury [7]. In addition, mortality in emergency
department sepsis (MEDS) is a scoring system
established to predict the mortality of emer-
gency department sepsis patients. It is more
convenient and extensively applicable in the
judgment of the severity of conditions in emer-
gency department sepsis patients and the pre-
diction of the fatality rate [8]. This study specifi-
cally analyzed the NGAL levels and MEDS
scores in the prognosis evaluation of patients
with sepsis and acute kidney injury.

Materials and methods
Materials

Sixty-five patients admitted to our hospital from
May 2018 to April 2019 due to sepsis and
acute kidney injury were included and retro-
spectively analyzed. (1) Inclusion criteria: The
patients were required to be aged over 18 and
meet the diagnosis criteria for sepsis [9] and
acute kidney injury [10]. They provided informed
consent to participate in this study, which was
approved by the Ethics Committee of Tangshan
People’s Hospital. (2) Exclusion criteria: pati-
ents under 18, patients with a history of chron-
ic renal insufficiency or manifestations of acute
kidney injury before hospitalization, patients
with obstructive nephropathy or kidney injury
due to other reasons, patients who produced
little urine.

Methods

We recorded the patients’ clinicopathological
data, including age, name, gender, basic dis-
eases, symptoms and manifestations, vital
signs, and consciousness. Their accessory
examination results were recorded, including
their imaging findings and the results of their
blood biochemistry and routine testing. The
infectious site was preliminarily judged, and
MEDS scoring was carried out based on the
worst results of the patients’ examination
indexes on the day of hospitalization.

Observation indexes

MEDS score [11]: 6 points for end stage diseas-
es (carcinoma metastaticum or chronic diseas-
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es with a possibility of death over 50% in a
month); 3 points for age over 65; 3 points for
septic shock (systolic pressure under 90 mmHg
after fluid resuscitation); 3 points for a breath-
ing rate >20 times/min or a blood oxygen satu-
ration of artery blood of the finger <90%; 3
points for a platelet count <150x10%L; 3
points for rod nuclear neutrophils >5%; 2 points
for having a lower respiratory infection; 2 points
for living in a home for the elderly before hospi-
talization; 2 points for a Glasgow coma score
(GCS) <15.

Staging of acute kidney injury: according to the
staging criteria of Kidney Disease Improving
Global Outcomes (KDIGO) [12]: stage 1: the
serum creatinine level rose by 1.5 to 1.9 times
of the base value, or to 226.5 ymol/I with uri-
nary volume <0.5 ml/kg/h (6-12 h); stage 2:
the serum creatinine level rose by 2.0 to 2.9
times of the base value with a urinary volume
<0.5 ml/kg/h (=12 h); stage 3: the serum cre-
atinine level rose by 3.0 times of the base value
or to 2353.6 umol/I or posterior renal replace-
ment therapy began with a urinary volume <0.3
mi/kg/h (=24 h).

NGAL: 5 ml of clean midstream urine was col-
lected into a tube without pyrogen and endo-
toxin on the day when the patients were diag-
nosed with acute kidney injury, centrifuged for
5 min at a rate of 4000 rpm. The supernatant
was collected into an Eppendorf tube, sealed,
numbered, and placed into a freezer at -20°C
for future use. All the samples were placed in a
37°C homothermal water-bath for thawing, and
tested for sterility according to the instructions
on the test kits, and the NGAL level was deter-
mined using the ELISA method.

The patients were subject to clinical observa-
tion, and their serum creatinine and urinary vol-
ume levels were monitored after hospitaliza-
tion, and then they were divided into the stage
1 group, the stage 2 group, and the stage 3
group according to the KDIGO staging criteria of
acute kidney injury.

Deaths were recorded within 28 days as the
patients were transferred to the ICU, and after
that, they were divided into the death group
and the survival group.

Statistical analysis

The statistical analysis was performed using
SPSS 23.0. In the case of numerical data
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Hl Abdominal cavity infection
(3 Biliary tract infection

B3 Lung infection

(3 Urinary infection

Bl Severe pancreatitis

Total=65

Merger disease

Figure 1. Concurrent diseases in the 65 patients. 9
cases of abdominal infection, 13 cases of infection
of biliary tract, 24 cases of pulmonary infection, 8
cases of urinary tract infection, and 11 cases of se-
vere pancreatitis.

expressed as the means + standard deviations,
the intergroup and intragroup comparison stud-
ies were carried out using independent-sam-
ples t tests. In the case of nominal data
expressed as [n (%)], the intergroup and intra-
group comparison studies were carried out
using X? tests. Survival curves were drawn in
GraphPad Prism 8 in addition to the ROC of the
subjects, in order to calculate the area under
the curve (AUC), and find the best critical value
using the Youden index. For all the statistical
comparisons, significance was defined as
P<0.05.

Results

Analysis of general materials

Among the 65 patients with sepsis and acute
kidney injury, 36 were male and 29 were

female, with ages ranging from 32 to 75, and a
mean age of (52.36+12.19). For concurrent
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diseases, 9 of them were suffering from abdom-
inal infections, 13 from infections of the biliary
tract, 24 from pulmonary infections, 8 from uri-
nary tract infections, and 11 from severe pan-
creatitis (Figure 1).

Comparison of the patients at different stages
of acute kidney injury in terms of NGAL, MEDS
and mortality

According to the DKIGO staging criteria, 22/65
of the patients with sepsis and acute kidney
injury were in stage 1, 23/65 in stage 2, and
20/65 in stage 3. Urine NGAL, MEDS and mor-
tality rose as the acute kidney injuries pro-
gressed from stage 1 to stage 2 and then to
stage 3 (P<0.05, Table 1).

Comparison of the patients at different stages
of acute kidney injury in terms of survival

The average survival shortened as the acute
kidney injury progressed from stage 1 to stage
2 and then to stage 3 (P<0.05, Table 2 and
Figure 2).

Comparison of the survival group and the
death group in terms of NGAL, MEDS, and age

The survival group had lower NGAL levels,
MEDS scores, and mean age than the death
group (P<0.05, Table 3).

Correlation analysis for the urine NGAL and
MEDS

To evaluate the correlation of the urinary NGAL
levels and the MEDS scores of the 65 patients
with sepsis and acute kidney injury, SPSS was
adopted to produce a scatter diagram which
indicated a linear positive correlation between
the urine NGAL and MEDS (r=0.751, P<0.05,
Figure 3).

Prediction values of urine NGAL and MEDS

The values of urine NGAL, MEDS, and their
combination in predicting the 4-week mortality
of patients with sepsis and acute kidney injury
were analyzed according to the ROC, and the
results indicated that while the sensitivity/
specificity predicted based on urine NGAL was
slightly higher/lower than the sensitivity/speci-
ficity predicted from MEDS score, the combina-
tion of the two achieved a significantly higher
sensitivity and specificity than the results when
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Table 1. Comparison of patients with sepsis and acute kidney injury at different stages for urinary

NGAL, MEDS and mortality

Staging of acute kidney injury n NGAL (ng/ml) MEDS (score) Mortality [n (%)]
Stage 1 22 113.65+25.85 8.75+2.63 6 (27.27)
Stage 2 23 159.63+£50.27" 11.85+2.45" 10 (43.49)"
Stage 3 20 279.54+93.65"% 16.85+2.41"% 13 (65.00)"&
F/X? 12.536 18.527 6.854

P 0.000 0.000 0.027

Note: “P<0.05 as compared with stage 1, and ¥P<0.05 as compared with stage 2.

Table 2. Comparison of patients at different stages of acute kidney injury for survival

Staging of acute kidney injury n Shortest survival (d) Longest survival (d) Average survival (d)
Stage 1 22 36 20.16+5.68
Stage 2 23 36 14.82+3.29"
Stage 3 20 16 9.65+2.15"%

Note: “P<0.05 as compared with stage 1, and ¥P<0.05 as compared with stage 2
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80
604

404
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20
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Figure 2. Comparison of the patients at the different
stages of acute kidney injury for survival. The aver-
age survival shortened as the acute kidney injury
progressed from stage 1 to stage 2 and then to stage
3 (P<0.05).

Table 3. Comparison of the survival and death
groups for urinary NGAL, MEDS and age

Group n  NGAL (ng/ml) MEDS (score) Mean age (y)

Survival 36 124.19+36.25 9.92+2.46 55.831+6.15
Death 29 232.26+92.27 14.33+3.50 63.57+£8.08
t 6.446 5.956 4.386
P 0.000 0.000 0.000

they were applied separately (P<0.05, Table 4
and Figure 4).

Discussion

Sepsis is likely to cause major organ dysfunc-
tion and high mortality. Clinically, it has been
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found that acute kidney injury is the most
important factor leading to the deaths of
patients with sepsis [13]. A study has reported
a positive correlation between acute kidney
injury and the mortality of patients with sepsis.
Compared with patients who have not suffered
from acute kidney injury, patients with sepsis
and acute kidney injury generally experience a
significant elevation of C-reactive protein,
APACHE Il scores, and 4-week mortality [14].
Accordingly, if patients with sepsis and acute
Kidney injury were not evaluated at an early
stage or effectively protected and intervened,
their kidney functions would deteriorate sharply
in a short period of time, leading to a higher
demand on renal replacement therapy, a sig-
nificantly extended hospital length of stay, and
increased medical expenses.

As there is no typical clinical manifestation
related to acute kidney injury, the degree of kid-
ney injury, the course of the disease, the uri-
nary volume and serum creatinine levels are
the principal factors involved in the clinical
judgment of acute kidney injury [15]. However,
those indexes are not sensitive enough, and
the results are subject to many factors, and
they cannot provide a guarantee for the early
differentiation of kidney injury [16]. After gen-
eral acute kidney injuries occur, the serum cre-
atinine levels may rise only after several hours
or days and cannot be individually depended on
to make accurate judgments for kidney func-
tion, acute kidney injury, or chronic kidney
insufficiency. Therefore, doctors may be unlike-
ly to accurately detect acute kidney injury in the
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Furthermore, Eilenberg et al.
[23] pointed out the elevated
dose dependence of NAGL in
the urine and blood, and the
degree of kidney injury. NGAL
is a new biomarker of acute
kidney injury which can be
detected in the urine and blood
at 3 h after a kidney injury. Its
level is not affected by the
body, extrarenal factors, drugs,
or r blood-purification technol-
ogy [24].

In the past, the evaluation of
sepsis was based on APACHE

T Il, but the MEDS system is
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Figure 3. Correlation analysis for urinary NGAL and MEDS. A scatter dia-
gram indicating a linear positive correlation between the urinary NGAL lev-

els and MEDS scores (r=0.751, P<0.05).

early stage, such that some patients may miss
the best opportunity for treatment, so the dis-
ease progresses to end stage kidney disease
[17].

Therefore, clinical efforts have been made to
find better markers of kidney injury for clinical
diagnosis and treatment. Research suggests
that it is best to take high-quality markers of
kidney injury from the urine. The testing is con-
venient, the results are precise, and the index
changes are closely associated with the degree
of kidney injury so as to provide useful guid-
ance for treatment. Furthermore, efficacy and
prognosis are evaluated [18]. NGAL is a mem-
ber from the lipid-carrying protein family, a pro-
tein binding on gelatinase-B and a new marker
of acute kidney injury in clinical application
[19]. Clinically it has been verified that NGAL is
related to the immune response, cell differen-
tiation and apoptosis, and the inflammatory
response. NGAL is mainly produced in distal
tubules and collecting tubes, and then reab-
sorbed by proximal tubules after filtration
through the glomerulus [20]. If the kidneys are
ischemic or subject to toxins, NGAL will be
expressed at a high level in the epithelium of
the injured kidney tubules, and also in the urine
due to abnormal absorption [21]. Michalak et
al. [22] found that after local ischemic injury in
the kidneys, the NGAL level rises significantly.
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designed more in accordance
with the characteristics of pa-
tients with emergency depart-
ment infections. The compara-
tive study by Pong et al. [11]
showed that to predict the
4-week mortality of patients with sepsis, MEDS
demonstrated a better predication value than
APACHE II. According to the studies by Zhao et
al. [25], in which, MEDS, APACHE Il and blood
lactate were compared, MEDS had the best
specificity and positive and negative prediction
values. Based on the findings in this study, as
the acute kidney injuries progressed to a more
advanced stage, the MEDS and urine NGAL
also gradually rose, and survival shortened. In
addition, a comparison between surviving and
deceased patients found that the MEDS and
urine NGAL in patients who survived were sig-
nificantly lower than in the patients who died.
An analysis of the predication values revealed
that, while the sensitivity/specificity predicted
based on urine NGAL was slightly higher/lower
than it was from MEDS score, the combination
of the two achieved a significantly higher sensi-
tivity and specificity than the results when they
were applied separately (P<0.05). Therefore,
the value of MEDS and urine NGAL in combina-
tion was analyzed. Though urine NGAL can pre-
dict the progress of sepsis and acute kidney
injury more accurately, it fails with the severity
of patients with sepsis. The combination with
MEDS forms a mutually supplemented portfolio
with higher values.

In conclusion, urine NGAL and MEDS have bet-
ter application values in the prognosis evalua-

Int J Clin Exp Med 2020:13(3):2072-2078
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Table 4. Prediction values of urinary NGAL and MEDS in patient mortality

. o Progressive 95% ClI
Index AUC (95% Cl)  Standard error  Progressive significance — —
Lower limit Upper limit
Urine NGAL 0.702 0.066 0.005 0.573 0.831
MEDS 0.664 0.068 0.024 0.531 0.796
Urine NGAL+MEDS 0.913 0.040 0.000 0.836 0.991
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