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Abstract. The present study aimed to assess whether the 
Acute Physiology And Chronic Health Evaluation (APACHE) 
II score may be used to predict whether critically ill patients 
benefit from continuous blood purification (CBP) treatment. A 
total of 115 critically ill patients were retrospectively reviewed 
and grouped according to their baseline APACHE II scores. 
Each group was further divided into 2 groups based on whether 
they received CBP or not. At 72 h after CBP treatment, clinical 
indicators comprising the plasma levels of inflammatory cyto-
kines, including tumor necrosis factor (TNF)‑α, interleukin 
(IL)-6 and IL-8, as well as endotoxin and procalcitonin (PCT), 
and severity scores (APACHE II, multiple organ dysfunction 
syndrome and systemic inflammatory response syndrome), 
were analyzed in all patients. It was observed that while CBP 
slightly reduced the severity scores in all patients, it signifi-
cantly improved those in patients with an APACHE II score 
of 20‑29 (P<0.05). Similarly, the plasma levels of TNF‑α, 
IL‑6, IL‑8, endotoxin and PCT were significantly lower in 
patients receiving CBP than in those without CBP when the 
APACHE II score was 20‑29 (P<0.05). Furthermore, CBP 
treatment significantly decreased the fatality rate and length 
of stay at the intensive care unit (ICU) for critically ill patients 
with an APACHE II score of 20‑29 (P<0.05). In conclusion, 
CBP significantly decreases the inflammatory response, 
shortens the length of stay at the ICU and improves the prog-
nosis for critically ill patients with an APACHE II score of 
20‑29 points. This observation suggests that the APACHE II 
score is an important clinical indicator to determine the poten-
tial benefit of CBP therapy in critically ill patients.

Introduction

Multiple organ dysfunction syndrome (MODS), a final stage of 
numerous fatal infections and non‑infectious diseases, is the 
leading cause of death in critically ill patients (1). It is widely 
thought that an uncontrolled inflammatory response is the 
pathophysiological basis of MODS. Inflammatory mediators, 
including interleukin (IL)‑6, IL‑8 and tumor necrosis factor 
(TNF)‑α, cause tissue damage, blood hypercoagulability and 
microcirculation disturbances, thereby leading to MODS and 
multiple organ failure (2‑5). Therefore, eliminating or reducing 
the level of inflammatory factors is the key in the prevention 
and treatment of MODS.

For >70 years, renal replacement therapy has been used 
to treat patients with acute renal injury. Recently, continuous 
blood purification (CBP) for the treatment of patients with 
non-renal diseases has drawn increasing attention, and has 
been widely used in various clinical departments, including 
critical care medicine units (6). The aim of CBP in the 
treatment of non‑renal diseases is to maintain the blood 
volume (e.g., in cases of heart failure), eliminate toxins, 
restore the electrolyte balance, control the body temperature 
and eliminate inflammatory mediators (7). Critical illness, 
usually accompanied by MODS, is characterized by diverse 
causes, rapid progression and a complicated pathophysi-
ology (8). At times, it is difficult for clinicians to perform 
the CBP procedure for these patients. It has been indicated 
that, while it improves the prognosis of patients, early CBP 
treatment may cause complications, including hypoten-
sion, coagulation dysfunction, nutrition and therapeutic 
drug loss and catheter‑associated infections (9). At present, 
there is no standard regarding the suitable timing for CBP 
treatment (10), which needs to be determined for critically 
ill patients.

There is a positive correlation between Acute Physiology 
And Chronic Health Evaluation (APACHE) II, a scoring 
system used to evaluate the severity of a patient's illness, and 
the risk of mortality (11,12). Other scoring systems, including 
MODS and systemic inflammatory response syndrome 
(SIRS), are also used to evaluate the severity of a patient's 
illness (13‑16). In the present study, the clinical data of criti-
cally ill patients who had been admitted to the intensive care 
unit (ICU) were retrospectively reviewed and the value of 
the APACHE II score in guiding early CBP treatment was 
investigated.
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Materials and methods

Patients. The present study included a total of 115 critically 
ill patients admitted to the ICU of the First Hospital of Wuhan 
(Wuhan, China) from January 2013 to December 2016. The 
inclusion criteria were as follows: i) An APACHE II score of 
>15 points; and ii) no history of any obvious organ dysfunc-
tion. Exclusion criteria included i) allergic reaction to the filter 
or the refusal of blood transfusion and ii) the time from ICU 
admission to death was <24 h. All patients were provided with 
the appropriate treatment according to the primary disease, 
e.g., anti‑infection, organ function support, liquid management 
or nutritional support. The current study was approved by the 
Ethics Committee of the First Hospital of Wuhan (Wuhan, 
China). Written informed consent was obtained from all 
patients or their parents or next of kin.

Experimental design. The patients enrolled were divided into 
3 groups based on their APACHE II score on the first day at 
the ICU. The patients in group A had an APACHE II score of 
15‑19, while those in group B had a score of 20‑29 points and 
those in group C had a score of ≥30 points. These APACHE II 
scores were arbitrarily selected to group the patients based 
on an analysis of the clinical data from critically patients 
over the last five years. Each group was then further divided 
into 2 subgroups depending on whether the patients received 
CBP treatment or not. Patients in groups A1, B1 and C1 
received CBP treatment, while patients in groups A2, B2 
and C2 did not.

CBP treatment. A single needle double lumen catheter was 
inserted into the femoral vein or internal jugular vein for the 
establishment of an extracorporeal circulation. All patients in 
the first group (group 1) underwent pre‑dilution continuous 
veno‑venous hemofiltration (CVVH) and received blood 
purification. CVVH was performed using the Fresenius 
multiFitrate system and Ultraflux AV600S hemofilters 
(Fresenius Medical Care, Bad Homburg v.d.H., Germany). 
The blood flow rate was 150‑200 ml/min and the displace-
ment f luid velocity was 2,000‑3,500 ml/h. CVVH was 
performed at a dose of 30 ml/kg/h. The volume load of the 
patients was dynamically assessed to adjust the liquid balance 
and the results of the blood gas analysis and biochemical 
examination were monitored. For anti‑coagulation, patients 
with no elevated risk of bleeding were treated with heparin 
with a loading dose of 10‑50 U/kg and a loading speed of 
2.5‑20 U/min to maintain the activated partial thrombo-
plastin time at 30‑60 sec. Patients with an elevated risk of 
bleeding or with bleeding were treated with non-heparin 
anti‑coagulants.

Cytokine measurement. Plasma levels of inflammatory 
proteins [endotoxin and procalcitonin (PCT)] in patients 
were measured prior to or 72 h after CBP treatment using 
an automatic biochemical analyzer (HF‑240; Jinan Chinese 
Medical Instrument Ltd., Jinan, China). Plasma levels of 
cytokines were detected using TNF‑α (cat. no. EK0525), 
IL‑6 (cat. no. EK0410) and IL‑8 (cat. no. EK0413) ELISA 
kits supplied by Wuhan Boster Biological Technology, Ltd. 
(Wuhan, China).

Severity scoring. Severity scoring was performed every 
24 h using APACHE II, MODS and SIRS ICU scoring 
systems (14,17,18). The APACHE II score for each patient was 
determined on the first day at the ICU. The incidence of MODS 
and mortality were recorded two weeks after admission to the 
ICU. The length of stay at the ICU was also recorded.

Statistical analysis. Statistical analysis was performed using 
SPSS 18 statistical software (SPSS, Inc., Chicago, IL, USA). 
Values are expressed as the mean ± standard deviation. 
Student's t‑test was used to determine differences between the 
two groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics. A total of 115 patients with critical 
illness, of which 60 were male and 55 were female, were 
enrolled in the present study. The characteristics of the patients 
are listed in Table I. There was no significant difference in 
gender, age, primary disease, course of disease, basic renal 
function and cardiac function between groups A1 and A2, 
B1 and B2, or C1 and C2 (P>0.05). Of note, treatments given 
to patients based on the primary disease were not different 
between groups (A1‑C1 vs. A2‑C2). Steroids were not used in 
the patients of this cohort.

Effect of CBP treatment on the severity scores of critically ill 
patients. To determine whether the APACHE II score prior to 
treatment was associated with the outcome, the APACHE II, 
MODS and SIRS severity scores of the critically ill patients 
were recorded at 72 h after treatment. As presented in Fig. 1, 
as expected, the APACHE II, MODS and SIRS scores were 
decreased at 72 h after treatment with CBP compared with 
those without treatment, which suggests a clinical improve-
ment after treatment with CBP in all groups. It was observed 
that patients with lower APACHE II, MODS or SIRS scores 
demonstrated a greater improvement than those with higher 
scores, i.e., the scores in patient group A exhibited a larger 
decrease after treatment compared with those in group C.

It was then assessed which group of patients benefited the 
most from CBP. As presented in Fig. 1, CBP treatment did not 
provide a significant benefit for patients with an APACHE II 
score of 15‑19 (Group A) or >30 points (Group C): The improve-
ment in the APACHE II, MODS or SIRS score for patients 
receiving CBP treatment (Group A1 or C1) was not signifi-
cantly different from that of patients who did not (Group A2 or 
C2). However, for patients with an APACHE II score between 
20 and 29 (Group B), CBP treatment significantly decreased 
the APACHE II, MODS and SIRS scores when compared 
with those of patients who did not (P<0.05, B1 vs. B2). Taken 
together, these results suggest that CBP treatment has a differ-
ential effect on patients with different APACHE II scores.

Effect of CBP treatment on the plasma levels of inflamma-
tory proteins in critically ill patients. Next, it was assessed 
whether CBP treatment affected the levels of inflammatory 
proteins and cytokines in patients with different APACHE II 
scores treated with or without CBP. As presented in Fig. 2, it 
appeared that treatment for 72 h slightly decreased the levels 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  18:  741-746,  2019 743

of endotoxin and PCT in each group. The results indicated 
that in groups A and C, there was no significant difference in 
the endotoxin levels between patients treated with or without 
CBP. By contrast, for patients in group B, CBP treatment 

significantly decreased the endotoxin levels (P<0.05, B1 
vs. B2; Fig. 2A). Regarding the levels of PCT, while CBP did 
not achieve any significant improvement in patient group A 
(P>0.05, A1 vs. A2), the level of PCT in groups B and C was 

Table I. Patient characteristics.

 Primary disease
 ---------------------------------------------------------------------------
  Gender Age SAP Sepsis ARDS Other Disease course Cr BUN NT‑proBNP
Group n (M/F) (years) n (%) n (%) n (%) n (%) (days) (µmol/l) (mmol/l) (ng/l)

A1  19 10/9 56±14 4 (21.1) 9 (47.3) 4 (21.1) 2 (10.5) 2.4±1.3 152.3±21.4 14.7±4.4 14,136±396.4
A2  19 10/9 54±15 4 (21.1) 10 (52.6) 4 (21.1) 1 (5.3) 2.5±1.4 154.5±22.1 14.9±4.5 14,251±399.3
B1 19 9/10 57±13 4 (21.1) 9 (47.3) 5 (26.3) 1 (5.3) 2.6±1.2 150.6±25.2 14.4±4.9 14,521±432.6
B2 20 10/10 55±13 5 (26.3) 10 (52.6) 4 (21.1) 1 (5.3) 2.5±1.3 149.3±24.8 14.8±5.2 14,462±396.5
C1 19 10/9 56±14 4 (21.1) 9 (47.3) 4 (21.1) 2 (10.5) 2.6±1.4 156.9±24.9 15.1±4.3 14,568±387.8
C2 19 9/10 56±13 4 (21.1) 8 (42.1) 5 (26.3) 2 (10.5) 2.6±1.3 156.1±25.1 15.2±5.2 14,606±406.4

Groups: A, APACHE II score 15‑19; B, APACHE II score 20‑29; C, APACHE II score ≥30; 1, CBP treatment; 2, no CBP treatment. CBP, 
continuous blood purification; APACHE, Acute Physiology And Chronic Health Evaluation; M, male; F, female; SAP, severe acute pancre-
atitis; ARDS, acute respiratory distress syndrome; Cr, creatinine (71‑133 mmol/l); BUN, blood urea nitrogen (2.5‑7.1 mmol/l); NT‑proBNP, 
N‑terminal pro b‑type natriuretic peptide (NT‑proBNP <300 ng/l indicates a low risk of heart failure; NT‑proBNP <450 ng/l for patients 
≤50 years, <900 ng/l for patients 50‑75 years and <1,800 ng/l for patients ≥75 years).

Figure 1. Effect of CBP treatment on severity scores in critically ill patients. Graphs showing scores of (A). APACHE II, (B) MODS and (C) SIRS in critically 
ill patients receiving treatment with or without CBP. Groups: A, APACHE II score of 15‑19 points; B, APACHE II score of 20‑29 points; C, APACHE II score 
of ≥30 points. *P<0.05 vs. no CBP treatment. MODS, multiple organ dysfunction syndrome; SIRS, systemic inflammatory response syndrome; CBP, continuous 
blood purification; APACHE, Acute Physiology And Chronic Health Evaluation.



ZHOU et al:  CBP IN CRITICALLY ILL PATIENTS WITH VARIABLE APACHE II SCORES744

significantly lower in patients who received CBP treatment 
(P<0.05, B1 vs. B2 or C1 vs. C2; Fig. 2B).

Regarding the inf lammatory cytokine levels, CBP 
treatment did not significantly improve the levels of TNF‑α, 
IL‑6 or IL‑8 in patient group A, while CBP treatment signifi-
cantly decreased the levels of IL‑6 and IL‑8 in patient group B 
and C (P<0.05, B1 vs. B2 or C1 vs. C2; Fig. 3). Taken together, 
these results suggest that CBP treatment preferentially impacts 
patients with APACHE II scores of 20‑29 and >30.

Effect of CBP treatment on clinical indicators in critically 
ill patients. Given the improved severity scores and reduced 
levels of pro‑inflammatory proteins and cytokines by CBP 
treatment in patient group B, the present study then aimed 
to determine whether CBP treatment improves other clinical 
indicators. For this, the occurrence of MODS, the mortality 
rate and the length of stay at the ICU in these three patient 
groups was determined. As presented in Table II, after 2 weeks 
of treatment, the mortality rate and the occurrence of MODS 
were was significantly lower in patient groups B and C who 
received CBP treatment than in those who received no CBP 
treatment (P<0.05). In addition, the length of stay at the ICU 
was shorter for patient groups B and C who received CBP 
treatment than those without CBP treatment (P<0.05; Table II). 

Furthermore, the percentage of cases with MODS was slightly 
but not significantly reduced in group B1 vs. B2. In the patients 
of groups A and C, CBP treatment did not significantly affect 
the percentage of cases of MODS, the mortality rate and the 
length of stay at the ICU (Table II).

Discussion

A systemic inflammatory response is common in criti-
cally ill patients (19). When it is excessive or out of control, 

Figure 2. Effect of CBP treatment on plasma levels of endotoxin and PCT 
in critically ill patients. Graphs showing plasma levels of (A) endotoxin and 
(B) PCT in critically ill patients receiving treatment with or without CBP. 
Groups: A, APACHE II score of 15‑19 points; B, APACHE II score of 20‑29 
points; C, APACHE II score of ≥30 points. *P<0.05 vs. no CBP treatment. 
CBP, continuous blood purification; PCT, procalcitonin; APACHE, Acute 
Physiology And Chronic Health Evaluation.

Figure 3. Effect of CBP treatment on plasma levels of cytokines in critically 
ill patients. Graphs presenting the plasma levels of (A) TNF‑α, (B) IL‑6 and 
(C) IL‑8 in critically ill patients receiving treatment with or without CBP. 
Groups: A, APACHE II score of 15‑19 points; B, APACHE II score of 20‑29 
points; C, APACHE II score of ≥30 points. *P<0.05 vs. no CBP treatment. 
CBP, continuous blood purification; TNF, tumor necrosis factor; IL, 
interleukin; APACHE, Acute Physiology And Chronic Health Evaluation.
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inflammation causes severe tissue damage (1). It has been 
reported that the plasma levels of IL‑6 and TNF‑α are associ-
ated with the severity of the disease (20). Among cytokines 
and inflammatory mediators, TNF‑α and IL-6 have a key role 
in initiating the anti‑inflammatory response (21). An elevation 
of IL‑6 and TNF‑α stimulates the body to produce a large 
number of inflammatory factors, resulting in a cascade ampli-
fication of the inflammatory response (22). Therefore, dynamic 
monitoring of TNF‑α and IL‑6 levels is of significance for the 
detection of the occurrence and progression of MODS (23‑25). 
Furthermore, the prevention and treatment of any exacerbation 
of SIRS is key in the treatment of critically ill patients, which 
may be performed by either inhibiting the release or lowering 
the levels of pro‑inflammatory cytokines (26). Therefore, 
elimination of multiple pro‑inflammatory cytokines simulta-
neously and non-selectively may have therapeutic potential in 
preventing the aggravation of MODS.

As one of the most important advances in critical care 
medicine in recent years, the clinical application of CBP has 
been extended to the treatment of various types of critical 
illness of non‑renal origin, including sepsis, MODS, decom-
pensated cirrhosis, drug poisoning, acute decompensated 
heart failure and severe acute pancreatitis (27,28). CVVH, 
a widely used CBP method in the clinic, has the advantage 
of clearing small‑ and medium‑sized solutes. In the case of 
large volume displacement, CVVH also removes large solute 
molecules (29).

In the present study, it was observed that the levels of 
plasma inflammatory cytokines (TNF‑α, IL-6 and IL-8), PCT 
and endotoxin were significantly lower in patients treated with 
CBP (B1 and C1) than in those without CBP treatment (B2 and 
C2). This result indicates that CVVH effectively eliminates 
these circulating inflammatory factors. Similarly, 2 weeks 
after treatment, the improvement in certain clinical indicators, 
including the mortality rate and the length of stay at the ICU, in 
patients of the CBP group were significantly superior to those 
in the group that did not receive CBP. Of note, it appeared that 
CBP only provided a significant clinical benefit for a group 

of patients with a certain range of APACHE II score. It was 
observed that in patients with an APACHE II score between 
15 and 19, CBP did not significantly improve the severity 
scores, cytokine levels, mortality rate and length of stay at 
the ICU. However, for patients with an APACHE II score of 
20‑29 or >30, all of the clinical indicators were improved by 
CBP intervention, as indicated by reduced severity scores and 
cytokine levels, a decreased mortality rate and a shortened 
length of stay at the ICU. The APACHE II score represents 
the disease severity and it has been demonstrated that it is 
positively associated with the risk of mortality (30,31). The 
results of the present study suggest that an APACHE II score 
of 20‑29 may be regarded as a selection criterion for blood 
purification treatment in the early stage of critical illness. In 
order to reduce the mortality rate of critically ill patients, CBP 
treatment should be performed as soon as possible. Our data 
showed that patients with APPACHEII score >30 also benefit 
from the CBP treatment. From the perspective of health 
economics and which patient group benefit most, we believe 
that it is more appropriate to perform CBP treatment when the 
patient's APPACHE II score is ≥20.

In summary, the present study performed a comprehen-
sive analysis to assess which group of critically ill patients 
benefited the most from CBP treatment based on their 
APACHE II score. The severity scores (APACHE II, MODS 
and SIRS), the plasma levels of inflammatory proteins (endo-
toxin, PCT, TNF‑α, IL-6 and IL-8) and clinical parameters 
(mortality rate and ICU length of stay) were measured, and 
it was observed that patients with an APACHE II score of 
20‑29 benefited the most from CBP treatment, which is 
consistent with previous observations that CBP inhibits the 
inflammatory cascade amplification reaction by an ‘off‑peak 
effect’, prevents the occurrence of MODS and reduces the 
mortality rate (32,33). The present results indicate that the 
APACHE II score may be used to guide the treatment of 
patients with critical illness.
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