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Abstract: Objective: To determine the effect of continuous renal replacement therapy (CRRT) on sepsis, early liver 
and kidney functions, and the prognosis of patients with sepsis. Methods: 131 patients were divided into a study 
group (n = 71) and a control group (n = 60). Patients in the control group were treated with conventional therapy, 
but the patients in the study group underwent CRRT plus conventional treatment. Liver and renal functions as well 
as the levels of CRP and IL-6 in the two groups were measured. The total effective rate, the APACHE-II, and the SOFA 
scores in the two groups were determined. Results: There was no statistical difference in the clinical data between 
the two groups (P>0.05). The total effective rate after treatment in the control group was significantly lower than 
the rate in the study group (P = 0.028); After 3 days of treatment, the levels of IL-6 and CRP in the study group were 
significantly lower than the levels in the control group (P<0.05). After 3 weeks of treatment, the APACHE-II and SOFA 
scores in the study group were significantly lower than they were in the control group (P<0.05), and the two groups 
also showed differences in liver function (P>0.05), but not in renal function (P<0.05). The incidence of complica-
tions in the control group was significantly higher than it was in the study group (P = 0.003), and the 28-day mortality 
in the control group was significantly higher than it was in the study group (P = 0.035). Conclusion: CRRT can ef-
fectively treat sepsis and reduce the mortality rate, decrease the incidence of complications, improve renal function 
significantly, and improve the quality of life and survival in patients with sepsis with no effect on kidney function. 
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Introduction

Pyemia, also known as sepsis, is a systemic 
inflammatory syndrome caused by infections 
characterized by a high incidence of complica-
tions and high mortality [1]. The clinical mani-
festations of sepsis are mainly fever, increased 
heart rate, increased respiratory rate, and con-
fusion. Once the disease enters the progres-
sive stage, symptoms of shock and multiple-
organ dysfunction may develop in a patient; 
this stage poses a serious threat to the quality 
of life and the survival of the patient [2, 3]. 
Studies performed in hospital settings have 
shown that [4] the mortality rate of sep- 
sis exceeds 25.0%; furthermore, more than 
14,000 patients worldwide die from sepsis 
every day, and the mortality is still increasing. A 
survey showed that [5] between 1992 and 
2001, there were more than 2.8 million people 

admitted to hospitals with sepsis-related dis-
eases. However, many of these patients did not 
recover from the disease due to ineffective 
treatment; most eventually gave up the treat-
ment, which finally lead to their deaths. The 
patients gave up because of the high cost of 
treatment, which many families could not 
afford. The high incidence and mortality of sep-
sis is currently a major problem that requires a 
solution from medical experts.

The conventional treatment of sepsis, which 
involves the administration of intravenous flu-
ids and antibiotics, is far from satisfactory [6]. 
Continuous renal replacement therapy (CRRT) 
can be used to treat sepsis [7] by reconstruct-
ing the immune function of the human body by 
clearing the inflammatory mediators and fur-
ther controlling the systemic response in 
patients. CRRT has been shown to have a good 
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efficacy in the treatment of severe pancreatitis 
and sepsis, and it can reduce the incidence of 
complications. Because the liver and the kid-
ney are important sites for metabolism and pro-
tein synthesis in the human body, they are 
prone to develop functional impairment during 
the early stage of sepsis, which can result in 
the failure of patients’ normal metabolism and 
the aggravation of the underlying condition [8].

Therefore, this study was performed to explore 
the effect of CRRT on sepsis, liver and kidney 
functions, and the prognosis of patients with 
sepsis so that it would serve as a reference for 
clinicians.

Materials and methods

Clinical data of patients 

This study retrospectively analyzed the clinical 
data of 131 patients with sepsis who were 
admitted to our hospital between March 2014 
and February 2016. Based on the treatment 
administered, the patients were divided into a 
study group and a control group. There were 60 
patients in the control group, including 25 male 
patients and 35 female patients; their ages 
ranged from 29 to 70 years, and the mean age 
was 58.64±5.36 years. There were 71 patients 
in the study group, including 30 male patients 
and 41 female patients; their ages ranged from 
35 to 69 years, and the average age was 
57.82±6.12 years. The study was approved by 
the medical ethics committee of the hospital.

Inclusion and exclusion criteria

The inclusion criteria were as follows: age more 
than 18 years, presence of acute renal failure, 
availability of all clinical data, and no absence 
of the diagnosis of a malignant tumor. The diag-
nosis of sepsis was based on the diagnostic 
criteria established by the 2001 International 
Sepsis Definitions Conference [9].

The exclusion criteria were as follows: the pres-
ence of a cognitive dysfunction, immunodefi-
ciency or immune disorder; history of congeni-
tal liver dysfunction or renal insufficiency; and 
pregnancy. 

Treatment method 

The patients in the control group were treated 
using the conventional regimen as follows: the 
patients were administered intravenous fluids, 

provided with body functional support and cir-
culatory support. Patients with severe acute 
respiratory distress syndrome were adminis-
tered ventilatory therapy. Based on the results 
of bacterial cultures and other microbiological 
tests, anti-infective therapies were adminis-
tered using specific medications. Electrolyte 
balance was maintained, and organ functions 
were supported and protected. If necessary, 
intensive insulin therapy was used in the treat-
ment of patients (2-4 U for each injection, 3 
times in a day). 

Patients in the study group underwent CRRT 
plus conventional therapy as follows: venipunc-
ture was performed in the center of the femoral 
vein, and a central venous catheter was insert-
ed to establish an extracorporeal circulation. A 
CRRT machine (Fresenius 4008S, Germany) 
was used for filtration, and the matching cath-
eter was selected. The filtration mode was con-
tinuous veno-venous hemodiafiltration (CVV- 
HDF). The machine parameter settings were as 
follows: blood flow control: 3-5 mL/ (Kg*h); dial-
ysate amount, 40±10 mL/ (Kg*h); replacement 
ratio = 1:2; dehydration amount, 0.2 mL/ 
(Kg*h); preparation method of the replacement 
solution, filter base solution (4000 mL) + 10% 
KCl (10 mL) + 5% NaHCO3 (250 mL); osmotic 
pressure = 280 mOsm/L. The treatment proto-
col was adjusted according to the correspond-
ing conditions of the patients, and the two 
groups of patients were both treated for a total 
of 3 weeks.

Observation indices and evaluation criteria

The primary observation indices were as fol-
lows: liver function test results (bilirubin, albu-
min, and alanine aminotransferase levels) and 
renal function test results (urea nitrogen and 
creatinine levels) before and 3 days after the 
treatment in the two groups; the levels of CRP 
and IL-6 before and 3 days after the treatment 
in the two groups; and the total effective rate 
after the treatment in both groups [total effec-
tive rate = (number of the cured patients + 
number of the improved patients)/total number 
of patients*100%]. The evaluation criteria: the 
survival of the patients in the two groups of 
patients was assessed statistically, and the 
survival curve was plotted (Table 1).

The secondary observation indices were as fol-
lows: the APACHE-II and SOFA scores in the two 
groups before and after the treatment were 
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determined; the higher the score was, the more 
serious the condition was. The incidence of 
complications in the two groups was observed 
during the treatment.

Laboratory tests

The liver and renal function tests and measure-
ment of the CRP levels in the two groups were 
performed using the specific protein analyzer 
(Lifotronic PA-990, China). The IL-6 level was 
detected using an IL-6 Elisa kit (Beyotime 
Biotechnology Institute) following the proce-
dures described below: the required plate was 
removed and placed in a 96-well frame, 50 μl 
of the sample assay buffer and 50 μl of the 
sample were added to the corresponding wells, 
and the plates were sealed and incubated for 2 
h at room temperature. The plate was flushed 5 
times, 100 μl/well of biotinylated antibody was 
added, and the plate was sealed and incubated 
for 1 hour at room temperature. Then, the plate 
was flushed 5 times, horseradish peroxidase-
labeled streptavidin (100 μl/well) was added, 
and the plate was sealed and incubated in a 
water bath at 37°C for 20 minutes away from 
light. Next, the plate was flushed 5 times, 100 
μl/well of the developer TMB solution was 
added, the plate was sealed and incubated for 
30 minutes in a 37°C water bath away from 
light. Then, 50 μl/well of the stop solution was 
added, and a microplate reader was used to 
measure the maximum absorbance at 450 nm 
within 15 min. Three duplicate wells were set, 
and the experiment was repeated 3 times.

Statistical methods

In this study, the collected data was statistically 
analyzed using the SPSS 20.0 software pack-
age (Guangzhou Bomai), and the images were 
plotted using GraphPad Prism 7 (Shanghai 
Beka). Count data are expressed as percent-
ages (%) and were analyzed using a chi-square 

test; continuous data are expressed as the 
means ± standard deviations (Means ± SD). All 
data are in a normal distribution, and the two 
groups was compared using a t test; the 
Kaplan-Meier estimator was used for the sur-
vival analysis, and a log-rank test was used to 
verify the statistical significance. A P<0.05 was 
considered statistically significant. 

Results 

No differences in two groups of base clinical 
data

In a comparison of the clinical data of the two 
groups of patients, it was observed that there 
were no statistically significant differences 
between the two groups with respect to gender, 
age, BMI, course of disease, smoking history, 
history of hypertension, and diabetes history 
(P>0.05) (Table 2). 

The study group showed a higher effective rate 
than the control group 

An assessment of the efficacy in both groups 
showed that there were 15, 30, and 15 patients 
that were cured, improved, or did not improve, 
respectively, in the control group; the corre-
sponding number of patients in the study group 
was 30, 36, and 5, respectively. This implied 
that the total effective rate in the control group 
after the treatment was significantly lower than 
it was in the study group (X2 = 4.835, P = 0.028) 
(Table 3).

The two groups showed significant differences 
in post-treatment renal function

We measured the liver and the renal functions 
before and 3 days after the treatment in both 
groups. The results showed that there were no 
differences in the liver function indices in the 
study group and in the control group between 
the time before and 3 days after the treatment 

Table 1. Evaluation criteria for efficacy
Classification of curative effect Evaluation criterion
Cure After treatment, the lesions were basically healed, and the general discomfort 

was completely eliminated. All the indicators had returned to normal.
Take a turn for the better After treatment, the primary lesion area of the patient has basically healed, but 

the local infection and trauma site have not been cured, and there is no obvious 
serious discomfort in the body.

Of no avail After treatment, the patient’s condition did not improve and there was no obvi-
ous change, the more serious patients’ conditions had the tendency of aggrava-
tion.
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(P>0.05). The liver function indices were not 
significantly different between the two groups 3 
days after the treatment (P>0.05). There were 
significant differences in the renal function indi-
ces between before and 3 days after the treat-
ment in the study group (P<0.05); the renal 
function indices before the treatment and 3 
days after the treatment were not significantly 
different in the control group. After 3 days of 
treatment, the renal function indices were sig-
nificantly different between the two groups 
(P<0.05) (Table 4 and Figure 1).

The study group exhibited lower IL-6 and CRP 
than the control group after treatment

We measured the levels of IL-6 and CRP in the 
two groups before and 3 days after the treat-
ment and found that there was no statistical 
difference between the control group and the 
study group before treatment (P>0.05). After 3 
days of treatment, the levels of IL-6 and CRP 
were significantly lower compared with those 
before the treatment in both groups (P<0.05), 
and the IL-6 and CRP levels were significantly 
lower in the study group than they were in the 
control group 3 days after the treatment 
(P<0.05) (Table 5 and Figure 2).

The study group exhibited lower APACHE-II and 
SOFA than the control group after treatment

We evaluated the APACHE-II and SOFA scores in 
the two groups after the treatment and found 

cations in patients during treatment. (X2 = 
8.881, P = 0.003) (Table 7). 

The study group exhibited a higher 28-day 
survival rate than the control group after treat-
ment 

We performed a 28-day survival analysis of the 
patients and found that the 28-day mortality in 
the control group was significantly higher than 
it was in the study group (P = 0.035) (Table 8 
and Figure 3).

Discussion 

Sepsis is a complication mainly caused by dis-
eases such as trauma, burns, infections, and 
ischemia-reperfusion. It is has a high incidence 
and is characterized by rapid progression, a 
high rate of complications, and a higher mortal-
ity rate [10]. According to statistics of the 
Centers for Disease Control and Prevention 
[11], there are more than 750,000 new cases 
of sepsis in the United States annually, with an 
annual growth rate of 1.5%. Sepsis has become 
the disease with the second highest mortality 
rate in ICU. Most scholars believe that the 
causes of sepsis are mainly community-
acquired infections, nosocomial infections, 
antibiotic abuse, and invasive surgical opera-
tions [12]. Most of the pathogens infected by 
patients are mainly gram-negative bacilli. A 
study by Koupetori et al. [13], found that 80% of 
patients with sepsis were infected during hos-

Table 2. Comparison of the clinical data between the two 
groups of patients [n (%)]

Factor Control group 
(n = 60)

study group 
(n = 71) X2/t P value

Sex 0.005 0.946
    Female 25 (41.67) 30 (42.25)
    Male 35 (58.33) 41 (57.75)
Age (years) 58.64±5.36 57.82±6.12 0.808 0.420
BMI (kg/m2) 23.54±1.55 22.94±1.99 1.899 0.060
Course (h) 8.94±1.32 8.56±1.42 1.576 0.118
Smoking history 0.153 0.695
    Yes 25 (41.67) 32 (45.07)
    No 35 (58.33) 39 (54.93)
History of hypertension 2.971 0.085
    Yes 50 (83.33) 66 (92.96)
    No 10 (16.67) 5 (7.04)
Diabetes history 0.538 0.463
    Yes 36 (60.00) 47 (66.20)
    No 24 (40.00) 24 (33.80)

that there was no difference in the 
APACHE-II and SOFA scores be- 
tween the two groups before the 
treatment (P>0.05). After 3 weeks 
of treatment, the APACHE-II and 
SOFA scores was significantly lower 
compared to the scores before the 
treatment in both groups, and the 
APACHE-II and SOFA scores in  
the study group were significantly 
lower than they were in the control 
group (P<0.05) (Table 6).

The study group exhibited a lower 
incidence of complications than 
the control group during treatment 

We found that the incidence of 
complications in the control group 
was significantly higher than it was 
in the study group by statistically 
comparing the incidence of compli-
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pitalization, and Escherichia coli was the main 
pathogen. Owing to its high incidence, mortali-
ty, and cost of treatment, sepsis has become 
an urgent problem that requires a solution from 
medical experts. The main reason for the devel-
opment of sepsis is the large number of inflam-
matory mediators that are released due to the 
stress reaction at the site of bacterial infection 
and the trauma that results in an inflammatory 
reaction [14].

Nowadays, the conventional clinical treatment 
of sepsis includes the administration of an 
anti-infective therapy; the control of blood 
sugar; and the provision of assisted mechani-
cal ventilation, fluid resuscitation, and nutri-
tional support. By adjusting the acid-base bal-
ance in patients, the symptom of urine 
reduction can be improved and homeostasis 
can be maintained in a patient [15]. However, 
the above treatment methods have certain dis-
advantages, including a long treatment dura-
tion, a heavy economic burden exerted on the 
families, and a high mortality rate after treat-
ment. In addition, the abuse of antibiotics has 
led to the significant increase in the incidence 
of drug resistance in patients, which has result-
ed in significant reduction of the therapeutic 
effect of antibiotics [16]. CRRT is a clinical 
hemodialysis purification therapy that has 
emerged with the development of medical 
technology, and it enables the removal of 
inflammatory mediators in patients through 
continuous blood purification. It regulates the 

immune stress response and reduces the 
degree of inflammation in the body, which final-
ly restores the homeostasis of the human body 
[17]. Other studies have shown that [18] CRRT 
works by regulating the hemodynamic parame-
ters, and it promotes the recovery of various 
body system functions in humans. Therefore, 
this study provides the clinicians a reference 
for the selection of treatment options by retro-
spectively analyzing the effects of CRRT treat-
ment and the conventional treatment on the 
improvement of sepsis and the early liver and 
kidney function as well as the prognosis. 

In this study, we performed a 3-week treatment 
on patients with sepsis, and the results showed 
that the total effective rate in the control group 
was significantly different from the rate in the 
study group. The APACHE-II score was used to 
evaluate the severity of the acute and critical 
illness [19]. The SOFA score has also been 
widely used as an important score for evaluat-
ing the condition of patients with sepsis, and 
the higher the score was, the more serious the 
condition was. An evaluation of the APACHE-II 
and SOFA scores showed that the scores in the 
two groups were significantly decreased after 
the treatment, and the degree of reduction in 
the study group was significantly greater than it 
was in the control group, which indicated that 
the combination treatment (CRRT and conven-
tional treatment) was significantly superior to 
the conventional treatment. In addition, the 
number of cured patients increased significant-

Table 3. Efficacy of treatment in the two groups of patients [n (%)]
Group Cure Take a turn for the better Of no avail X2 value P value
Control group (n = 60) 15 (25.00) 33 (55.00) 12 (20.00) 4.835 0.028
Study group (n = 71) 30 (42.25) 36 (50.70) 5 (7.04)

Table 4. Liver and kidney functions before and 3 days after treatment

Index
Control group (n = 60) Study group (n = 71)

Pretherapy 3 days after treatment Pretherapy 3 days after treatment
Bilirubin (μmol/L) 25.32±9.21 22.52±10.36 24.98±8.91 20.36±9.58
Albumin (g/L) 30.52±5.63 27.68±6.84 31.22±5.36 27.32±5.12
ALT (U/L) 52.44±22.98 42.99±20.57 51.83±25.19 40.58±20.37
24-h urine volume (mL) 822.36±45.15 894.56±58.61 843.62±51.36 1189.84±68.62*,#

BUN (mmol/L) 14.25±3.27 15.89±3.88 13.89±3.55 9.15±2.12*,#

Cre (μmol/L) 288.69±70.38 352.84±75.68 279.58±68.94 123.58±65.84*,#

Note: *There was a difference between before and after treatment (P<0.05). #There was a significant difference between the 
two groups (P<0.05).
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ly and the APACHE-II and SOFA scores 
decreased significantly in the study group. We 

also measured the levels of IL-6 and CRP in the 
blood before and 3 days after treatment. IL-6, a 

Figure 1. Liver and kidney function before and after treatment. *There was a significant difference between before 
and after treatment (P>0.05), and there was a significant difference between the study group and control group 
after treatment (P<0.05).

Table 5. Levels of IL-6 and CRP before and after treatment

Group
IL-6 (ng/L)

T value P value
CRP (mg/L)

T value P value
Pretherapy 3 days after treatment Pretherapy 3 days after treatment

Control group (n = 60) 82.54±4.84 34.84±2.95 65.186 <0.001 58.68±12.25 15.66±7.25 23.410 <0.001

Study group (n = 71) 81.32±5.15 19.25±3.68 82.628 <0.001 57.56±11.57 10.84±4.92 31.312 <0.001

T value 1.389 26.413 0.537 4.508

P value 0.167 <0.001 0.592 <0.001
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pro-inflammatory mediator secreted by mono-
nuclear fibroblasts, macrophages, and T lym-
phocytes, is involved in a variety of inflamma-
tory reactions; it is stable in healthy bodies and 
can be used as a marker of various inflamma-
tory and infectious diseases [20]. Studies have 
shown that the higher the serum IL-6 expres-
sion is in patients with sepsis, the worse the 

prognosis of patients will be. CRP is a type of a 
protein that is synthesized by the liver and is 
present in trace amounts in healthy humans. 
However, when a person develops an infection, 
the levels of CRP will rise rapidly while the infec-
tion is being eliminated; CRP will then signifi-
cantly decrease [21]. Reports have shown that 
[22] CRP is of great value in the evaluation of 
the severity and prognosis of sepsis. We mea-
sured the levels of IL-6 and CRP in serum of  
the two groups and found that the IL-6 and CRP 
levels in the two groups were significantly 
decreased after treatment, but the serum IL-6 
and CRP levels in the study group decreased by 
a greater extent than those in the control group, 
which illustrated well that CRRT enabled the 
effective removal of inflammatory mediators in 
patients with sepsis. GaneSan [23] showed 
that IL-6 combined with CRP is an ideal predic-
tor of neonatal sepsis, and Jiang [24] reported 
that the IL-6 and CRP levels were significantly 
decreased in patients with sepsis, which indi-
rectly proved and verified our study result. 

Moreover, we tested the liver and renal func-
tions of the patients and found that there was 
no significant changes in the liver function 3 
days after the treatment when it was compared 
with the liver function before the treatment in 
both groups. The renal functions in the patients 
in the control group did not change significantly 
3 days after the treatment when it was com-
pared to the renal functions before the treat-
ment, but the renal function after the treatment 
in the study group was significantly different 
from the renal function before the treatment, 
which indicated that CRRT promoted improve-
ment in the renal impairment in patients with 
sepsis and was renoprotective. In a study by 
Han [25], it was shown that the renal function 
was significantly improved in patients with sep-
sis after CRRT, and the liver function was not 
significantly changed; these findings are con-
sistent with our results. An analysis of the inci-
dence of complications during the treatment in 
the two groups showed that the rate of compli-
cations in the control group was significantly 
higher than it was in the study group, which 
showed that CRRT treatment was effective in 
reducing the rate of complications during the 
treatment of patients, decreasing the suffering 
of the patients, and decreasing the cost of 
managing the complications. At the end of the 
study, we performed a 28-day survival analysis 

Figure 2. Levels of inflammatory cytokines before 
and after treatment. The IL-6 level in the study group 
was significantly lower than it was in the control 
group after 3 days of treatment (P<0.05). The CRP 
level in the study group was significantly lower than 
it was before treatment (P<0.05), and the CRP in 
the study group was significantly lower than it was 
in the control group 3 days after treatment (P<0.05). 
*There was a significant difference between before 
and after treatment (P<0.05).
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in the two groups of patients. We found that 
patients who received the conventional treat-
ment in the control group had a lower 28-sur-
vival rate than patients who underwent CRRT 
treatment in the study group. In a study by Oh 
et al. [26], it was shown that the 28-day-surviv-
al rate of patients with sepsis after CRRT treat-
ment was significantly improved, which was 
consistent with our study results; these results 
indicated that the CRRT improves the 28-day-
survival rate.

There are some shortcomings in this study. We 
only performed a short-term follow-up rather 
than a long term follow-up, the sample size was 
small, and it is not clear whether there was a 
bias during the study, and it was a retrospective 
study. In addition, a study on the generation of 
sepsis was not further or specifically carried 
out. Therefore, we expect to perform a study 
with a longer follow-up and a larger sample size 
to further explore the pathogenesis of sepsis 
and to validate the results to this study.

Conclusions

In conclusion, CRRT is effective in the treat-
ment of sepsis; it can reduce mortality, 
decrease the incidence of complications, sig-
nificantly improve renal function, and improve 
the quality of life and survival of patients with 
sepsis. It hardly affects the kidney function of 
the patient and is worthy of further promotion 
into widespread use in clinical practice. 
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