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Abstract: Objective: To explore the clinical efficacy of high-volume hemofiltration (HVHF) on patients with severe 
acute pancreatitis (SAP) combined with acute renal failure (ARF). Methods: 76 SAP patients combined with ARF 
admitted to our hospital from October 2016 to October 2017 were divided into two groups according to the random 
number table method. The control group (n = 38) was given conventional treatment, and the study group (n = 38) 
received HVHF in addition to conventional treatment. The following indicators were compared, including gastroin-
testinal function recovery time (GFRT), duration of abdominal pain (DAP), liver function indices [aspartate trans-
aminase (AST), alanine transaminase (ALT)], renal function indices [blood urea nitrogen (BUN), serum creatinine 
(SCr)], serum amylase (AMS), white blood cell count (WBC), inflammation response indices [tumor necrosis factor-α 
(TNF-α), transforming growth factor-β (TGF-β), interleukin (IL)-6, IL-1β, IL-8)], acute physiology and chronic health 
status score (APACHE II) and quality of life. Results: The GFRT and DAP of the study group were significantly shorter 
than those of the control group (P<0.05). Compared with those before treatment, the serum AST, ALT, BUN, SCr, 
AMS, WBC, TNF-α, TGF-β, IL-6, IL-1β, IL-8 levels, and APACHE II scores of the two groups were significantly reduced 
after 3 months of treatment, while the quality of life scores were significantly increased, and the improvement of the 
above indicators in the study group were significantly better than those in the control group (P<0.05). Conclusion: 
HVHF can effectively improve electrolyte imbalance, reduce inflammation and improve the quality of life in patients 
with SAP combined with AFR.
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Introduction

Acute severe pancreatitis (SAP) combined with 
acute renal failure (ARF) is commonly diag-
nosed and its clinical symptoms are mostly 
characterized by systemic severe inflammatory 
response syndrome (SIRS), which seriously 
endangers human health [1]. It was clinically 
found that SAP combined ARF was caused by 
the massive release of pro-inflammatory cyto-
kines and expression of the balanced plasma 
pro-inflammatory cytokines in pancreatic le- 
sions, which leads to concurrent acute respira-
tory distress syndrome, shock and even multi-
ple organ dysfunction syndrome (MODS) [2]. It 
was characterized by acute attack, severe 
symptoms, high mortality and violent reactions. 
On the basis of onset characteristics and symp-
toms of SAP, high-volume hemofiltration (HVHF) 
is primarily used as the main treatment meth-

od. HVHF mainly improves the clearance of 
middle and large molecule by increasing the 
replacement fluid flow rate and ultrafiltration 
rate, which can regulate the balance of anti-
inflammatory and pro-inflammatory cytokines, 
maintain electrolyte balance and stable hemo-
dynamics, so as to achieve symptom control 
and clinical efficacy in SAP patients [3]. This 
study aimed to explore the clinical efficacy of 
HVHF in the treatment of SAP patients com-
bined with ARF.

Materials and methods

Baseline data

76 SAP patients combined with ARF admitted 
to our hospital from October 2016 to October 
2017 were included. The diagnosis of SAP was 
performed in accordance with the standards 
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issued by the Pancreatic Surgery Branch of the 
Chinese Medical Association Surgery Branch in 
2001 [4] as well as the diagnostic criteria of 
ARF in Diseology [5]. The enrolled patients had 
no history of exposure to nephrotoxic drugs and 
poisons prior to the onset of ARF, and all 
patients or their families signed the written 
informed consent. Exclusion criteria: Patients 
who had acute or chronic infections or autoim-
mune diseases in other organs; those who 
underwent peripancreatic catheter drainage or 
pancreatic surgery during hospitalization; those 
who had poor compliance; and those who had 
malignant tumors or severe circulatory and 
respiratory diseases. This study was approved 
by the medical ethics committee of our hospi-
tal. 76 patients were equally divided into two 
groups according to the random number table. 
In the control group, there were 20 males and 
18 females, aged 38-52 years old, with the 
average age of 44.58 ± 7.39 years, among 
which 22 had area of necrosis ≥67%, and 16 
had area of necrosis = 33%. There were 16 
cases graded as II and 22 cases graded as III 
on Balthazar CT. In the study group, there were 
22 males and 16 females, aged 33-55 years, 
with the average age of 44.92 ± 7.84 years, 
among which 21 had area of necrosis ≥67%, 
and 17 had area of necrosis = 33%. There were 
15 cases graded as II and 23 cases graded as 
III.

Methods

The control group was given conventional treat-
ment, including fasting, early fluid resuscitation 
and gastrointestinal decompression, nutrition-
al support, improving microcirculation, inhibit-
ing pancreatic secretion, correcting acid and 
alkali and electrolyte disorders, etc. Surgical 
treatment and enteral nutrition support were 
performed when necessary. On the basis of 
conventional treatment, the study group was 
given HVHF: double-lumen central venous cath-
eter was inserted using the Seldinger tech-
nique. In all, there were 4 cases of subclavian 
vein catheterization, 16 cases of femoral vein 
catheterization, and 18 cases of internal vein 
catheterization. 38 patients were treated with 
HVHF (Braun7106505, F60) for 6 hours per 
day. The concentrations of potassium and 
other electrolytes were adjusted according to 
the patient’s condition. Post-dilution hemodi-
afiltration were 1000 to 4000 ml/h/1.73 m2 
and the blood flow was 250-300 mL/min. 

Anticoagulation regimen: patients without bl- 
eeding were treated with heparin anticoagula-
tion (0.4-0.6 mg/kg, additional intravenous 
injection before blood filtration: 2-3 mg/h, and 
discontinued 0.5 h before the end of filtration). 
Those with bleeding tendency were treated 
with low molecular weight heparin calcium for 
anticoagulation (dose: 1500-2000U, continu-
ous intravenous injection 100-200 U/h).

Gastrointestinal function recovery time (GFRT), 
duration of abdominal pain (DAP), aspartate 
transaminase (AST), alanine transaminase 
(ALT), blood urea nitrogen (BUN), serum creati-
nine (SCr), serum amylase (AMS), white blood 
cell count (WBC), tumor necrosis factor-α (TNF-
α), transforming growth factor-β (TGF-β), inter-
leukin (IL)-6, IL-1β, IL-8, APACHE II and quality of 
life scores were compared in two groups. The 
fasting venous blood was collected in the morn-
ing before treatment and 3 months after treat-
ment, and the supernatant was extracted after 
centrifugation at 3000 r/min. AST, ALT, BUN, 
Scr, AMS and WBC were measured by an auto-
matic biochemical analyzer, and TNF-α, TGF-β, 
IL-6, IL-1β and IL-8 were detected by enzyme-
linked immunosorbent assay (ELISA). The oper-
ation method was strictly in accordance with 
the operation instructions of the ELISA kit. 
APACHE II scores were used to evaluate the 
patient’s condition, including acute physiologi-
cal score, age, and chronic health status. 
Higher score indicates worse physical condition 
of the patient. The SF-36 quality of life scale 
was used to assess the quality of life in terms 
of physical pain, physiological function, psycho-
logical function and social function. Higher 
score indicates better quality of life.

Statistical analysis

SPSS22.0 software was used for statistical 
analysis. The measurement data were ex- 
pressed as x ± sd and compared by t test. The 
enumeration data were expressed as n (%) and 
compared by χ2 test. The difference was statis-
tically significant with P<0.05.

Results

Comparison of baseline data

There was no statistically significant difference 
between the two groups in terms of gender, 
age, pancreatic necrosis area and Balthazar CT 
grading (P>0.05, Table 1).
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Table 1. Comparison of baseline data between the two groups

Group Gender (M/F) Age (year) Area of necrosis 
(≥67%/33%)

Balthazar CT grading 
(grading II/III)

Control group (n = 38) 20/18 44.58 ± 7.39 22/16 16/22
Study group (n = 38) 22/16 44.92 ± 7.84 21/17 15/23
t/χ2 0.213 0.195 0.054 0.055
P 0.645 0.846 0.817 0.815

Table 2. Comparison of GFRT and DAP between the two groups  
(
_
x  ± sd)

Group Gastrointestinal function 
recovery (d)

Abdominal pain relief 
(h)

Control group (n = 38) 6.74 ± 1.72 42.78 ± 6.34
Study group (n = 38) 4.83 ± 1.65 24.96 ± 5.27
t 4.940 13.324
P 0.000 0.000

Figure 1. Comparison of liver function before and after treatment. Note: 
Compared with same group before treatment, ***P<0.001; compared with 
the control group, ###P<0.001.

Figure 2. Comparative analysis of renal function before and after treatment 
with HVHF. Note: Compared with same group before treatment, ***P<0.001; 
compared with the control group, ###P<0.001.

GFRT and DAP 

GFRT and DAP of the study 
group were significantly short-
er than those of the control 
group (P<0.05), suggesting 
that HVHF can significantly 
improve the clinical symptoms 
and gastrointestinal function 
in SAP patients combined with 
ARF (Table 2).

Changes in liver function 
indices before and after treat-
ment 

Compared with those before 
treatment, AST and ALT of the 
two groups were significantly 
reduced after 3 months of 
treatment, and the improve-
ment of AST and ALT in the 
study group was better than 
that in the control group 
(P<0.05), indicating that HVHF 
can improve the liver function 
in SAP patients combined with 
ARF (Figure 1).

Changes in renal function 
indices before and after treat-
ment 

In contrast to those before 
treatment, BUN and SCr of the 
two groups were significantly 
decreased after 3 months  
of treatment, and the study 
group showed higher improve-

Figure 3. Comparative analysis 
of AMS and WBC levels before 
and after treatment with HVHF 
(x ± sd). Note: Compared with 
same group before treatment, 
***P<0.001; compared with the 
control group, ###P<0.001.
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Figure 4. Comparative analysis of in-
flammatory response indices before 
and after treatment with HVHF. Note: 
Compared with same group before 
treatment, ***P<0.001; compared 
with the control group, ###P<0.001.

Table 3. Comparison analysis of APACHE II 
score before and after treatment (x ± sd, 
points)

Group Before  
treatment

After  
treatment

Control group (n = 38) 24.26 ± 2.28 17.34 ± 1.89
Study group (n = 38) 24.13 ± 2.34 14.36 ± 1.74
t 0.245 7.151
P 0.807 0.000

ment of BUN and SCr than the control group 
(P<0.05), suggesting that HVHF can improve 
the renal function in SAP patients combined 
with ARF (Figure 2).

Changes in AMS and WBC before and after 
treatment 

Compared with those before treatment, AMS 
and WBC in both groups were significantly 
reduced after 3 months of treatment, and the 
improvement of AMS and WBC in the study 
group was better than that in the control group 
(P<0.05), suggesting that HVHF treatment can 
significantly improve the level of AMS and WBC 
in SAP patients combined with ARF (Figure 3).

Changes in inflammatory response indices be-
fore and after treatment

In comparison with those before treatment, the 
serum levels of TNF-α, TGF-β, IL-6, IL-1β, and 
IL-8 in the two groups were significantly reduced 
after 3 months of treatment, and the study 

group showed significantly higher improvement 
than the control group (P<0.05), indicating that 
HVHF treatment can significantly reduce the 
degree of inflammatory response in SAP 
patients combined with ARF (Figure 4).

APACHE II score before and after treatment

After 3 months of treatment, APACHE II scores 
were significantly reduced in two groups, and 
the study group showed lower APACHE II scores 
than the control group (P<0.05), indicating that 
HVHF treatment can significantly improve the 
APACHE II score of SAP patients combined with 
ARF and speed up the rehabilitation of patients 
(Table 3).

Changes in quality of life before and after  

The quality of life scores in both groups were 
significantly increased after 3 months of treat-
ment, and the study group exhibited higher 
scores than the control group (P<0.05), sug-
gesting that HVHF treatment can significantly 
improve the quality of life of SAP patients com-
bined with ARF (Figure 5).

Discussion

SAP is an acute inflammatory state of the pan-
creas caused by premature activation of human 
pancreatic enzymes system. After a large num-
ber of inflammatory cells are activated, they 
begin to release cytokines. Therefore, the “cy- 
tokine storm” occurs and aggravates SAP [6, 
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7]. In 1988, Rindeknecht proposed the hypoth-
esis of the pathogenesis of SAP, believing that 
SAP is caused by the excessive activation of 
WBC, which triggers the inflammatory response 
of the pancreas and leads to life-threatening 
SAP. SAP can cause the activation of inflamma-
tory factors such as human mononuclear mac-
rophages, lymphocytes and neutrophils, there-
by promoting the release of inflammatory cyto-
kines such as IL-6, TNF-α, IL-8, and stimulating 
the synthesis of acute-phase proteins such as 
CRP in the liver of patients. The above factors 
are released in large quantities when the 
body’s immune system reacts violently. It can 
cause the uncontrolled inflammation, leading 
to systemic inflammatory syndrome (SIRS), and 
ultimately the occurrence of MODS [8-10]. 
Clinical studies have shown that MODS is a risk 
factor for death of SAP patients during hospital-
ization [11]. The degree and scale of inflamma-
tory responses in SAP patients should be mini-
mized to improve the patient’s condition and 
reduce mortality.

With the continuous development of medical 
technology, HVHF technology has become the 
first treatment option for SAP patients com-
bined with ARF [12]. The key to increase the 
success rate of SAP treatment is to prevent the 
early occurrence of MODS, so hemofiltration is 

and DAP of the study group were shorter than 
those of the control group; the serum AST, ALT, 
BUN, SCr, AMS, WBC, TNF-α, TGF-β, IL-6, IL-1β, 
IL-8 levels, and the APACHE II scores were sig-
nificantly reduced after treatment, whereas the 
quality of life scores were significantly in- 
creased. The improvement of these indices in 
the study group was better than those in the 
control group, demonstrating that HVHF has 
very good treatment efficacy for SAP patients, 
which helps to improve the systemic inflamma-
tory response and organ failure symptoms, liver 
and kidney function, and promote physical 
recovery as well as the quality of life [23]. The 
underlying mechanism may be that HVHF reab-
sorbs excess water and solutes in the blood 
and corrects the disordered anti-inflammatory 
factors and electrolytes, so as to reduce the 
influence of inflammatory factors on various 
organ functions and thus improve organ func-
tions, especially liver and kidney functions [24, 
25]. In the clinical treatment of SAP, although 
there was no significant difference in patients 
undergoing conventional emergency treatment 
before hemofiltration, HVHF may lead to differ-
ences in the final outcomes.

In summary, early application of HVHF in the 
treatment of SAP combined with AFR can effec-
tively eliminate inflammatory response, improve 

Figure 5. Comparative analysis of quality of life before and after treatment 
with HVHF. Note: Compared with same group before treatment, ***P<0.001; 
compared with the control group, ###P<0.001.

a promising therapy [13-15]. 
HVHF is commonly used in 
blood purification therapy, wh- 
ich simulates the glomerular 
filtration to slowly, massively 
and effectively remove toxic 
and harmful solutes from the 
blood [16-18]. HVHF uses hi- 
gh-volume filters and pipe-
lines with high degree of bio-
compatibility and a fluid bal-
ancing system to remove 
nitrogen-containing metabolic 
wastes and correct salt, water 
and acid-base flocculation to 
ensure homeostasis. HVHF is 
also effective in eliminating 
inflammatory mediators from 
the blood, including TNF-α, 
IL-1β, TGF-β, IL-6 and IL-8 and 
other cytokines, reducing SI- 
RS, and preventing the devel-
opment of MODS [19-22]. This 
study showed that the GFRT 
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cardiopulmonary, renal and liver functions as 
well as quality of life, and prevent the conver-
sion from SIRS to MODS and MOF. However, 
this is a single-center, small-sample study, 
which may affect the accuracy of the results. 
Large-scale, multi-center studies are expected 
to be performed in the future.
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