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Abstract. Kidney injury molecule‑1 (Kim‑1) and neutrophil 
gelatinase‑associated lipocalin (NGAL) have been investigated 
as biomarkers for acute kidney injury (AKI). However, they 
are seldom investigated in patients with septic AKI treated 
with continuous renal replacement therapy (CRRT). The 
aim of the present study was to investigate the therapeutic 
effectiveness and possible mechanisms of CRRT in septic 
AKI by observing the changes in Kim‑1 and NGAL levels. A 
group of 38 patients with septic AKI was randomly divided 
into the conventional drug treatment group (group A) and 
the CRRT group (group B). All patients were treated with 
standard antisepsis agents, and group B was additionally 
submitted to CRRT for 24 h. The levels of Kim‑1 and NGAL 
in serum, urine and the ultrafiltrate of CRRT were measured 
prior to and at 12, 24, and 48 h after treatment. In group A, 
urinary Kim‑1 (uKim‑1) levels at 12, 24 and 48 h were lower 
than prior to treatment (P<0.05), whereas urinary NGAL 
(uNGAL) showed no difference among the various time points 
(P>0.05). In group B, uKim‑1 was decreased at 24 and 48 h 
compared with before treatment (all P<0.05), whereas uNGAL 

was decreased at 48 h (P<0.05). Serum Kim‑1 did not change 
with time in groups A and B (P>0.05), whereas serum NGAL 
was increased after treatment in group A (P<0.05) but did 
not change in group B (P>0.05). Kim‑1 and NGAL were not 
detected in the ultrafiltrate of CRRT. uKim‑1 and uNGAL 
decreased significantly after CRRT, and therefore may be used 
to reflect the change of renal function during CRRT and to 
evaluate the therapeutic effectiveness of the method.

Introduction

Acute kidney injury (AKI) is one of the most common compli-
cations observed in patients in the intensive care unit (ICU). In 
a large multicenter cohort study, AKI was estimated to occur 
in 42.7% of all patients admitted to the ICU, and ~30.6% of 
these AKI cases were caused by sepsis (1). Sepsis is a leading 
contributing factor to AKI development in critically ill 
patients. In a previous study, it was found that the fatality rate 
of severe sepsis or septic shock was 55.2%, which increased 
to 67.3% when associated with AKI; septic AKI was an inde-
pendent risk factor for prognosis in hospitalized patients with 
sepsis (2).

In recent years, continuous renal replacement therapy 
(CRRT) has been widely used in critically ill patients, and 
~30% of septic AKI cases require CRRT (3). However, the 
mechanism of action of CRRT for septic AKI has been not fully 
clarified, and its optimal timing, dosing, and efficacy have been 
controversial. The optimal CRRT and renal recovery proce-
dures are difficult to determine because of the lack of reliable 
biomarkers for the evaluation of renal injury during CRRT. 
Currently, neutrophil gelatinase‑associated lipocalin (NGAL), 
interleukin (IL)‑18, cystatin C and kidney injury molecule 1 
(Kim‑1) may be the most promising biomarkers (4‑8). Several 
studies have established the potential clinical role of Kim‑1 
and NGAL as predictive biomarkers for AKI (9‑12).

Although Kim‑1 and NGAL are predictive biomarkers 
for AKI in a variety of clinical contexts, including intensive 
care, cardiac surgery and renal transplantation (13‑16), they 
are seldom investigated in patients with septic AKI treated 
with CRRT. Therefore, the present single‑center randomized 
controlled study was conducted to evaluate the therapeutic 
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efficacy of CRRT and observe its effect on Kim‑1 and 
NGAL levels in patients with septic AKI, in order to provide 
evidence‑based recommendations on the clinical applications 
of CRRT for septic AKI.

Materials and methods

Patients. Patients with septic AKI were divided into the 
conventional drug treatment group (group A) and the CRRT 
group (group B) using a random data table. This study was 
conducted in accordance with the Declaration of Helsinki, 
and with approval from the Ethics Committee of Guangdong 
Medical University (Zhanjiang, China). Written informed 
consent was obtained from all participants.

All enrolled patients were >18 years old, with septic AKI, 
admitted to the ICU and required standard antisepsis treatment 
according to 2012 Surviving Sepsis Campaign guidelines (17). 
All patients were instructed to avoid using nephrotoxic drugs 
during the study. Sepsis was defined as the presence of both 
infection and a systemic inflammatory response (SIRS). SIRS 
was considered to be present when patients had more than one 
of the following clinical findings (18): i) Body temperature 
(T) >38 or <36˚C, ii) heart rate >90 beats/min, iii) hyperven-
tilation evidenced by a respiratory rate of >20/min or PaCO2 
<32 mm Hg, and iv) white blood cell count (WBC) >12,000 or 
<4,000 cells/µl.

The diagnosis of AKI was based on the above criteria 
and on the presence of at least one of the following (19): An 
abrupt (within 48 h) reduction in kidney function defined as 
an absolute increase in serum creatinine (sCr) of ≥0.3 mg/dl 
(≥26.4 µmol/l), a percentage increase in sCr of ≥50% (1.5‑fold 
from baseline), or a reduction in urine output (documented 
oliguria of <0.5 ml/kg/h urine output for >6 h).

The exclusion criteria were the presence of a malignant 
tumor, pregnancy in female patients, chronic renal insuffi-
ciency, use of nephrotoxic drugs, or receiving any kind of renal 
replacement therapy prior to being admitted to the ICU, or a 
change of the treatment plan being necessary due to a change 
in the patient's condition, or refusal to take part in this study 
while it was ongoing.

Healthy volunteers. A group of 20 healthy volunteers was 
included in the study as the control group (group C).

CRRT protocol. All patients in the CRRT group were treated 
with continuous venous‑venous hemofiltration (CVVH) for 
24 h. If the pipe or filter became clogged, it could immedi-
ately be replaced with a new one for continuation of the 
treatment. However, data obtained when clogged filters were 
present were excluded. Central venous access with 12‑FR 
20‑cm catheters (Double lumen 801407, SCW Medicath Ltd., 
Shenzhen, China) was used. Two AQUARIUS machines 
(Edwards Lifesciences Corp., Irvine, CA, USA) were used 
for CRRT, with polysulfone filters (AV600s; Fresenius SE 
& Co., Bad Homburg, Germany). The replacement fluid 
consisted of 3,000 ml physiological saline, 1,000 ml water for 
injection, 100 ml 10% glucose, 20 ml 5% calcium chloride, 
10 ml 10% potassium chloride, 5 ml 10% sodium chloride, 
and 3 ml 25% magnesium sulfate; the solution was infused 
into the CRRT circuit using a sterile intravenous nutrition 

bag. A 5% bicarbonate solution was infused into the patients 
through another central venous catheter. The replacement fluid 
formulations and sodium bicarbonate infusion were changed 
according to arterial blood gas level, which was checked every 
2 h. CRRT was initiated with a blood flow rate of 100 ml/min, 
which was gradually increased to 180  ml/min and main-
tained at 180‑220 ml/min. Anticoagulation was performed 
with unfractionated heparin (2 ml; 12,500 IU. H31022051; 
Shanghai first biochemical pharmaceutical Co. Ltd. Shanghai, 
China) in patients with low risk of hemorrhage. The heparin 
was replaced with 0.9% nature saline if the patients had a 
high risk of hemorrhage. The replacement fluid was delivered 
into the extracorporeal circuit at a predilution (3,000 ml/h) to 
postdilution (1,000 ml/h) ratio of 3:1.

Dosing of antibiotics and the nutrition of all patients were 
adjusted according to the clearance of CRRT, apparent volume 
of distribution, creatinine clearance, protein binding rate and 
glomerular filtration rate during the treatment period (20).

The CONSORT 2010 flow diagram for the study process is 
presented in Fig. 1.

Measured variables. The sCr, serum Kim‑1 (sKim‑1), urinary 
Kim‑1 (uKim‑1), serum NGAL (sNGAL) and urinary NGAL 
(uNGAL) levels were measured prior to and at 12, 24 and 48 h 
after treatment. Moreover, Kim‑1 and NGAL in the ultrafiltrate 
of CRRT were also measured in group B. The clinical baseline 
data collected included T, WBC, neutrophilic granulocyte 
ratio (NE), procalcitonin (PCT) and arterial blood lactic acid 
(Lac). Acute Physiology and Chronicity Health Evaluation II 
(APACHE II) scores (21) were assessed concurrently, and the 
28‑day mortality was also recorded. Kim‑1 and NGAL were 
measured using an enzyme‑linked immunosorbent assay 
(ELISA) device supplied by Bio‑Swamp (Shanghai, China).

ELISA. ELISAs were performed to measure the sKim‑1, 
uKim‑1, sNGAL, and uNGAL levels. In brief, sKim‑1, uKim‑1, 
sNGAL and uNGAL were measured using a specific ELISA 
kit for each marker (Human NGAL ELISA Kit, HM10120; 
Human Kim‑1 ELISA Kit, HM10892; both R&D Systems, 
Inc., Minneapolis, MN, USA) according to the manufacturer's 
instructions. The absorbance of each sample was read at 
450 nm with a microplate reader, and the final cytokine levels 
were determined in accordance with the standard curve.

Statistical analysis. Statistical analysis was performed 
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). 
All data are presented as mean  ±  standard deviations. 
Continuous variables were compared using student t‑tests, 
and comparison between groups to select unpaired t‑tests, 
within group comparison using one‑way analysis of vari-
ance and categorical parameters were compared using χ2 
tests. Patient survival was analyzed with the Kaplan‑Meier 
method. P<0.05 was considered to indicate a statistically 
significant difference.

Results

General clinical data. A total of 38 eligible patients with septic 
AKI in the ICU were enrolled into the study between March 
2012 and December 2012. Of these, 17 patients were assigned 
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to the conventional drug treatment group and 21 patients 
to the CRRT group. In the control group (group C), the T, 
WBC, NE, PCT, sCr, blood urea nitrogen and Lac levels, as 
well as the APACHE II scores were significantly lower than 
those in groups A and B (P<0.01; Table I). All initial baseline 
characteristics including Kim‑1 and NGAL were similar 
between groups A and B (Table II).

Changes of Kim‑1, NGAL, and sCr Kim‑1. In group A, uKim‑1 
at 12, 24 and 48 h was significantly lower compared with that 
at 0 h (P<0.05). uKim‑1 was decreased significantly at 24 
and 48 h compared with that at 0 h (all P<0.05) in group B. 
There were no significant differences between groups A and B 
in uKim‑1 (P>0.05; Table III and Fig. 2A). sKim‑1 showed 
no significant difference among all time points prior to and 
following treatment in groups A and B (P>0.05); however, 
expression levels were significantly decreased at 0, 12, 24 and 
48 h in group B compared with group A (all P<0.05; Table III 
and Fig. 2B). Kim‑1 was not detected in ultra‑filtrate.

NGAL. uNGAL showed no significant difference among 
the time points prior to and following treatment in group A 
(P>0.05); however, expression levels were significantly lower at 
48 h than that at 0 h in group B (P<0.05), and also significantly 
decreased at 0, 12, 24 and 48 h in group B compared with 
group A (P<0.05; Table III and Fig. 2C). sNGAL in group A 
was significantly increased at 12, 24 and 48 h compared with 
0 h, and expression levels at 48 h were significantly lower 

compared with 12  h (all P<0.05), but remained stable at 
all‑time points in group B (P>0.05). sNGAL in group B was 
significantly decreased at 12, 24 and 48 h compared with that 
in group A (all P<0.05; Table III and Fig. 2D). NGAL was not 
detected in ultra‑filtrate.

sCr. sCr was significantly increased at 12 and 48 h compared 
with at 0  h in group A (P<0.05); however, levels were 
decreased significantly at 24 and 48 h compared with 0 and 
12 h in group B (all P<0.05). sCr in group B was decreased 
significantly compared with that in group A at the three time 
points after treatment (P<0.05; Table III and Fig. 2E).

Infectious process and 28‑day mortality. In group A and B, 
the temperature was significantly decreased at 24 and 48 h 
compared with that at 0 h (P<0.05). In group B, Lac and PCT 
were significantly decreased at 24 and 48 h compared with 
0 h; however, in group A, Lac and PCT were significantly 
increased at the same time points compared with 0 h, respec-
tively. WBC was significantly increased at 12 h compared with 
that at 0 h in group A, but not in group B. Furthermore, the 
APACHE II score was significantly increased at 24 and 48 h 
compared with that at 0 and 12 h in group A; however, the 
scores were significantly decreased in group B at the same 
time points (P<0.05). Temperature, WBC, NE, Lac, PCT and 
APACHE II scores were significantly decreased after CRRT 
in group B at 24 and 48 h compared with that at the same time 
point in group A (all P<0.05; Table IV). The results showed 

Figure 1. CONSORT 2010 flow diagram for the study. CRRT, continuous renal replacement therapy.
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Table II. Levels of sKim‑1, uKim‑1, sNGAL and uNGAL prior to treatment.

Variable	 Group A	 Group B	 Group C

n	 17	 21	 20
uKim‑1 (pg/ml)	 1,154±21a	 1,145±56a	 580±40
sKim‑1 (pg/ml)	 518±167a	 410±31a	 290±30
uNGAL (pg/ml)	 3,638±179a	 3,449±362a	 1,720±40
sNGAL (pg/ml)	 1,333±150a	 1,318±172a	 950±10

aP<0.01 vs. group C. Group A, septic acute kidney injury with conventional drug treatment; group B, septic acute kidney injury with continuous 
renal replacement therapy; group C, healthy control; sKim‑1, serum urinary kidney injury molecule 1; uKim‑1, urinary kidney injury molecule 1; 
sNGAL, serum neutrophil gelatinase‑associated lipocalin; uNGAL, urinary neutrophil gelatinase‑associated lipocalin.

Table III. Levels of Kim‑1, NGAL and sCr in patients with septic acute kidney injury before and after treatment.

	 Group A (n=17)	 Group B (n=21)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Biomarker	 0 h	 12 h	 24 h	 48 h	 0 h	 12 h	 24 h	 48 h

uKim‑1 (pg/ml)	 1,154±21	 1,120±26a	 1,100±33a	 1,104±43a	 1,145±56	 1,112±60	 1,079±67a	 1,076±98a

sKim‑1 (pg/ml)	 518±67	 552±36	 530±38	 530±38	 410±31c	 401±33c	 392±40c	 390±42c

uNGAL (pg/ml)	 3,670±160	 3,687±139	 3,668±127	 3,690±145	 3,449±362c	 3,318±303c	 3,233±318c	 3,131±339a,c

sNGAL (pg/ml)	 1,333±150	 1,709±147a	 1,650±120a	 1,562±120a,b	 1,318±172	 1,302±144c	 1,296±123c	 1,310±115c

sCr (µmol/l)	 176±18	 185±15a	 201±35	 217±36a,b	 170±24	 157±18c	 116±17a‑c	 112±12a‑c

aP<0.05 vs. 0 h; bP<0.05 vs. 12 h; cP<0.05 vs. group A. Group A, septic acute kidney injury with conventional drug treatment; group B, septic acute 
kidney injury with continuous renal replacement therapy; uKim‑1, urinary kidney injury molecule 1; sKim‑1, serum urinary kidney injury mole-
cule 1; uNGAL, urinary neutrophil gelatinase‑associated lipocalin; sNGAL, serum neutrophil gelatinase‑associated lipocalin; sCr, serum creatinine.

Table I. General clinical data and APACHE II score for all patients.

Items	 Group A	 Group B	 Group C

Male sex (n)	 9	 11	 10
Female sex (n)	 8	 10	 10
Age (years)	 50.22±20.06	 48.95±18.60	 47.45±18.80
Weight (kg)	 62.76±9.21	 64.23±9.45	 63.41±8.86
T (˚C)	 39.42±0.46a	 39.21±0.45a	 36.21±0.14
WBC (x109/l)	 14.84±3.22a	 15.56±3.17a	 4.47±0.90
NE (%)	 85.38±5.76a	 85.07±5.90a	 58.97±3.47
PCT (ng/ml)	 6.08±2.15a	 6.12±2.08a	 0.16±0.05
BUN (mmol/l)	 13.01±8.07a	 15.20±7.64a	 5.22±2.43
sCr (µmol/l)	 176±18a	 170±24a	 72±16
Lac (mmol/l)	 6.74±2.01a	 6.27±1.59a	 0.52±0.07
APACHE II score	 13.89±2.03a	 14.86±1.81a	 NS
Infection state (n)			 
  Lung	 4	 6	‑
  Abdominalb	 9	 11	‑
  Biliary tract	 4	 2	‑
  Other partsc	 1	 1	‑

aP<0.01 vs. group C; babdominal infection (including postoperative infection of the gastrointestinal tract, acute pancreatitis and acute peritonitis 
caused by gastrointestinal perforation); cother parts (including extremities and urinary tract infection). NS, no score; Group A, septic acute 
kidney injury with conventional drug treatment; group B, septic acute kidney injury with continuous renal replacement therapy; group C, 
healthy control; T, body temperature; WBC, white blood cell count; NE, neutrophilic granulocyte ratio; PCT, procalcitonin; BUN, blood urea 
nitrogen; sCr, serum creatinine; Lac, arterial blood lactic acid; APACHE II, acute physiology and chronicity health evaluation II.
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that CRRT had a significant effect on the 28‑day mortality of 
patients with septic AKI (group A vs. group B: 61.2 vs. 22.7%, 
P=0.03; Fig. 3).

Diagnostic value of uKim‑1 and uNGAL. The cutoffs for AKI 
diagnosis were determined according to the Acute Kidney 
Injury Network diagnostic criteria (sCr increase of ≥50% 
from baseline values), and a receiver‑operator characteristic 
curve was constructed with the expression levels of uKim‑1 
and uNGAL, to evaluate the diagnostic value of uKim‑1 and 
uNGAL in septic AKI patients (Fig.  4). The uKim‑1 and 
uNGAL values suggested an improved performance when 
compared with the serum creatinine (sCr) and blood urea 
nitrogen (BUN) levels (22) [area under the curve (AUC) 0.848, 
95% confidence interval (95% CI) 0.731‑0.965, and AUC 

0.842, 95% confidence interval, CI 0.713‑0.970, respectively] 
for the diagnosis of septic AKI.

Discussion

Sepsis  (1) is a SIRS caused by infection and can lead to 
severe sepsis, septic shock, and multiple organ dysfunction 
syndrome or even multi organ failure (MOF), a very serious 
medical condition. AKI is a common clinical syndrome that 
has been the focus of several recent studies (9,23,24). Sepsis 
is considered one of the major reasons for AKI development 
in critically ill patients in the ICU. CRRT and particularly 
CVVH are widely used in ICU patients with septic AKI. 
Approximately 4% of patients treated in ICUs worldwide have 
AKI that mandates CRRT as a life‑saving measure (25).

Figure 2. Levels of (A) uKim‑1, (B) sKim‑1, (C) uNGAL, (D) sNGAL and (E) sCr at various time points in patients with septic acute kidney injury. groups A 
and B. ▲P<0.05 vs. group A; ★P<0.05 vs. 0 h; ◆P<0.05 vs. 12 h. Group A, conventional drug treatment group; group B, continuous renal replacement therapy 
group; uKim‑1, urinary kidney injury molecule 1; sKim‑1, serum urinary kidney injury molecule 1; uNGAL, urinary neutrophil gelatinase‑associated lipo-
calin; sNGAL, serum neutrophil gelatinase‑associated lipocalin; sCr, serum creatinine.

Table IV. Sepsis biomarkers of sepsis before and after treatment.

	 Group A (n=17)	 Group B (n=21)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Indication	 0 h	 12 h	 24 h	 48 h	 0 h	 12 h	 24 h	 48 h

T (˚C)	 39.42±0.46	 39.24±0.29	 38.91±0.24a,b	 38.81±0.19a,b	 39.21±0.45	 38.82±0.21a,c	 37.65±0.67a-c	 37.30±0.41a-c

WBC (x109/l)	 14.84±3.22	 19.32±2.49a	 15. 29±2.10 b	 15.53±1.93 b	 15.56±3.17	 14.50±2.34c	 13.13±2.31a,c	 12.53±2.49a,c

NE (%)	 85.38±5.76	 89.19±3.56	 85.67±4.28	 87.66±2.81	 85.07±5.90	 84.65±5.37c	 82.74±4.53c	 78.67±3.81a-c

PCT (ng/ml)	 6.08±2.15	 6.44±2.18	 7.76±2.06	 8.18±2.10a	 6.12±2.08	 6.34±2.16	 4.53±1.70a-c	 4.03±1.74a-c

Lac (mmol/l)	 6.74±2.01	 8.05±1.47	 8.87±1.91a	 9.64±2.99a	 6.27±1.59	 6.15±1.47c	 3.90±1.30a-c	 2.96±1.01a-c

APACHE II	 13.89±2.03	 14.28±2.14	 16.28±1.60a,b	 17.39±1.69a,b	 14.86±1.81	 15.14±1.64	 12.95±1.96a-c	 13.27±1.80 a-c

score

aP<0.05 vs. 0 h; bP<0.05 vs. 12 h; cP<0.05 vs. group A. Group A, septic acute kidney injury with conventional drug treatment; group B, septic 
acute kidney injury with continuous renal replacement therapy; T, body temperature; WBC, white blood cell count; NE, neutrophilic granulo-
cyte ratio; PCT, procalcitonin; Lac, arterial blood lactic acid; APACHE II, acute physiology and chronicity health evaluation II.
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Although supportive care with CRRT has been the main-
stay of treatment of septic AKI for more than five decades, 
many fundamental aspects of CRRT management remain 
controversial, including selection of modality, timing of initia-
tion, dosing of therapy, efficacy evaluation, and its mechanism 
of action. The possible reason for this is that the sCr level has 
been the only detectable marker used to reflect the change of 
renal function during CRRT and to evaluate the therapeutic 
effectiveness of the method. Firstly, sCr does not accurately 
reflect the glomerular filtration rate in patients, particularly 
those with septic AKI, who are not in a stable condition; sCr 
may be low in the early stages of severe AKI (26). Secondly, 
dialysis may reduce sCr levels. Therefore, the assessment of 
kidney function by measuring the sCr level once dialysis is 
initiated may not be accurate (27).

Kim‑1 is a glycoprotein that is expressed in proximal renal 
tubular epithelial cells in response to cellular injury (28). In 
hospitalized patients with AKI, urinary Kim‑1 has been shown 
to predict adverse clinical outcomes such as mortality (29). 
NGAL is a 25‑kDa protein originally isolated from neutrophil 
secondary granules (30) and is a classic biomarker for the early 
diagnosis and short‑term outcome of AKI. Therefore, in the 
present study, Kim‑1 and NGAL were selected for use in the 
evaluation of the therapeutic effectiveness of CRRT in septic 
AKI and investigation of the possible mechanisms.

The aim of the present study was to investigate the change 
in the levels of Kim‑1 before and after treatment. In contrast to 
previous studies, it was initially found that the levels of sKim‑1 
in septic AKI patients were significantly higher than those in 
normal persons. However, our results are in accordance with 
previous results (31). Kim‑1 is a member of the immunoglobulin 
family and is expressed in the surface of activated T cells 
(CD4+ Th2) (32); therefore, sKim‑1 may be involved in the 
immune response to sepsis and its level is higher than normal 
in this condition. Previous animal and clinical studies have 
demonstrated (33,34) that Kim‑1 is an inflammation mediator 
associated with the pathogenesis of asthma and rheumatoid 
arthritis. A prospective, multicenter cohort study (35) found 
that Kim‑1 peaked at 2 days after cardiac surgery in adults 

and at 1 day after surgery in children, and that the elevations 
of Kim‑1 were associated with AKI and adverse outcomes in 
adults.

In group B, 21  patients completed the study. uKim‑1 
showed a gradually declining trend after CRRT at 24 and 48 h; 
and in group A, it declined at 12, 24, and 48 h after treatment; 
however, the trend of decline in group B was notably faster 
compared with group A. The results suggest that conventional 
antisepsis therapy reduced uKim‑1 at a slower rate than 
CRRT, whereas CRRT could continue to reduce uKim‑1 
while improving renal function sustainably (≥48 h). To the 
best of our knowledge, the present study was also the first to 
find that Kim‑1 was not present in the ultrafiltrate of CRRT. 
Moreover, sKim‑1 exhibited no significant change before and 
after CRRT, suggesting that sKim‑1 had not been cleared by 
CRRT. Accordingly, it was presumed that CRRT improved 
and promoted renal tubular function and did not clear sKim‑1 
directly to reduce uKim‑1; moreover, the process of AKI has 
been inhibited at the early stage. In addition, uKim‑1 exhib-
ited an improved performance compared with sCr and Urine 
Output (AUC 0.848, 95% CI 0.731‑0.965); thus, uKim‑1 could 
be used to reflect the change of renal function during CRRT 
and evaluate the therapeutic effectiveness of the method.

Concerning the change in the levels of NGAL before and 
after treatment, in groups A and B, the expression levels of 
sNGAL were significantly higher compared with those in 
group C. It was found that sNGAL was significantly increased 
at 12, 24 and 48 h after treatment compared with the level 
prior to treatment in group A, whereas it was maintained at 
a stable level in group B. This result suggested that the study 
sample requires a different experimental design. However, it 
also suggested that the current standard antisepsis treatment 
programs were not effective in the early stage of sepsis (at least 
within 48 h) and were not able to reverse the process of AKI, 
whereas early and timely intervention with CRRT could main-
tain sNGAL at a stable level. NGAL is synthesized in the bone 
during the late immature stage in young and mature marrow 
neutrophils, and is involved in the inflammatory response 
to sepsis. Bagshaw et al (36) found that patients with septic 
AKI have higher detectable plasma and urine NGAL levels 

Figure 3. 28‑day survival curves of the patients with septic acute kidney 
injury. Group A vs. group B (61.2 vs. 22.7%; P=0.03). Group A, conventional 
drug treatment group; group B, continuous renal replacement therapy group.

Figure 4. Receiver operating curve for uKim‑1 and uNGAL. uKim‑1, urinary 
kidney injury molecule 1; uNGAL, urinary neutrophil gelatinase‑associated 
lipocalin.
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compared with nonseptic AKI patients. These differences in 
NGAL values in septic AKI may have diagnostic and clinical 
relevance and pathogenetic implications. Chakraborty et al 
(37) found sufficient evidence, from multi‑institutional 
randomized trials, suggesting the potential of NGAL as an 
early biomarker for severe acute pancreatitis (SAP), and indi-
cating that high NGAL levels predict MOF and fatal outcome 
in patients with SAP. In the present study, in group A, sNGAL 
showed a continuous upward trend because of failure to block 
the inflammatory response and reduce the release of inflam-
matory factors. However, in group B, owing to the clearance 
of inflammatory mediators and reduction of the inflammatory 
response by timely CRRT, there was no significant change.

uNGAL was maintained at a high level and did not 
change significantly in group  A prior to and following 
treatment, whereas it showed a stepwise downward trend at 
24 and 48 h after CRRT in group B. The levels of sNGAL 
and uNGAL in group B were decreased significantly at 12, 
24 and 48 h compared with those in group A. NGAL was 
not detected in the ultrafiltrate of CRRT. This result was 
consistent with the study by de Geus et al (38), which found 
that sNGAL was not cleared by CRRT filtration. Together 
with the trend of sNGAL change, the result suggested that 
sNGAL was not cleared by CRRT. Accordingly, it may be 
presumed that CRRT is able to improve and promote renal 
tubular function, but may not eliminate sNGAL directly 
to reduce uNGAL levels, and that the process of AKI has 
been inhibited at the early stage. uNGAL was superior to 
sCr and UO (39) (AUC 0.842, 95% CI 0.713‑0.970) for the 
diagnosis of septic AKI. uNGAL is highly sensitive predictor 
of AKI and death in septic patients admitted into emergency 
rooms (40). Therefore, uNGAL could be used to reflect the 
change of renal function during CRRT and evaluate the 
therapeutic effectiveness of the method.

The present study also aimed to evaluate the prognosis 
of septic AKI patients. The morbidity and mortality of septic 
AKI vary largely among reports from different countries or 
districts. One study showed that the mortality rate of patients 
with septic shock was 43%; however, when associated with 
AKI, the fatality rate increased to 86% (41). In the present 
study, the 28‑day mortality of septic AKI was 61.1%, which is 
consistent with other reports (42‑44).

In group B, WBC, NE, Lac, PCT and APACHE II score 
were significantly decreased following treatment, whereas 
group A did not show changes in these parameters. This 
suggests that the infection condition of patients with septic 
AKI was improved in group B, and that CRRT controlled 
infection better than did conventional treatment. The 28‑day 
mortality rate of group B was significantly lower than that of 
group A (22.7 vs. 61.1%), which is consistent with the report 
that early CRRT can significantly reduce the mortality of 
patients with septic AKI (45).

The pathogenesis of septic AKI predominantly involves 
toxic and immune‑mediated mechanisms. Sepsis causes the 
release of numerous pro‑inflammatory and anti‑inflammatory 
mediators (such as cytokines, arachidonic acid metabolites, and 
thrombogenic agents) that may contribute to the development 
of AKI (46). Studies have found evidence of renal tubular 
cell apoptosis in response to inflammatory mediators in 
endoxemia (47,48). A more prominent role of apoptosis rather 

than pure necrosis has been indicated in the pathophysiology of 
sepsis and septic shock (49). In a previous study, apoptosis was 
proposed as a major factor in septic AKI (20) and acute tubular 
apoptosis was demonstrated in patients with septic AKI, 
whereas almost no apoptosis was detected in the non‑septic 
AKI patients. Animal studies  (50,51) have confirmed that 
apoptosis, renal ischemia/reperfusion injury, calcium overload 
and intracellular cytokines (IL‑6, IL‑1, tumor necrosis factor) 
and caspase participate in septic AKI.

In the present study, it was found that CRRT reduced the 
expression levels of uKim‑1 and uNGAL; however, it had 
little effect on sKim‑1 and sNGAL levels. Shen et al (52) 
found that the serum and myocardial concentrations of 
IL‑1β and IL‑6, and the myocardial mRNA expression 
of IL‑6 decreased significantly following a combination 
treatment with CRRT in a piglet model. Therefore, it 
is hypothesized the possible mechanisms of CRRT are 
clearance of pro‑inflammatory mediators, reduction of 
vascular endothelial cell injury, improvement of renal 
perfusion, reduction of the infiltration of inflammatory cells 
and promotion of the recovery of renal tubular function, 
which improve the prognosis of septic AKI. Early, sustained 
and effective intervention with CRRT in patients with septic 
AKI is important in improving prognosis.

Concerning the changes in the levels of sCr before and after 
treatment, in the present study, a gradual upward trend in sCr 
was observed after treatment in group A; however, in group B, 
sCr gradually decreased after CRRT, and was significantly 
lower compared with that in group A. In an animal model (53), 
it was found that serious infections reduced the production of 
sCr in septic mice whose kidneys had been removed, showing 
that sCr did not accurately reflect the change of renal function 
in patients with septic AKI who require CRRT.

The present study has several limitations. First, the study 
sample was relatively small, which may have influenced the 
reliability of the results for changes of Kim‑1 and NGAL levels 
after CRRT treatment. Second, an in‑depth analysis on the 
possible mechanisms of CRRT was not performed. Therefore, 
it is suggested that a large multicenter prospective random-
ized controlled trial should be carried out in combination with 
animal experiments to more deeply investigate the mecha-
nisms of CRRT and confirm the findings of the current study.

In conclusion, in this study, uKim‑1 and uNGAL were 
decreased significantly following CRRT, but there were no 
evident effects on sKim‑1 and sNGAL. Moreover, Kim‑1 
and NGAL were not detected in the ultrafiltrate of CRRT. As 
reliable biomarkers, uKim‑1 and uNGAL can reflect the renal 
injury state earlier compared with sCr and UO (39) and may 
be used to reflect the change of renal function during CRRT 
and evaluate the therapeutic effectiveness of the method. 
These results imply that CRRT may improve kidney function 
by eliminating inflammatory mediators from the blood and 
reducing the expression levels of uKim‑1 and uNGAL.
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