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Studies have been carried out to assess the efficacy of high-volume hemofiltration (HVHF) among critically ill
patients. However, it is currently unclear whether HVHF is really valuable in critically ill patients.

Randomized controlled trials evaluating HVHF for critically ill adult patients were included in this analysis. Three
databases were searched up to July 27, 2018. The relative risk (RR), mean difference (MD), and 95% confidence
intervals (Cl) were determined.

Twenty-one randomized controlled trials were included in this analysis. Overall, HYHF was associated with
lower mortality compared with control measures (RR=0.88, 95% Cl=0.81 to 0.96, P=0.004) in critically ill pa-
tients. Sub-analysis revealed HVHF reduced mortality in sepsis and acute respiratory distress syndrome pa-
tients, but no similar effect in other diseases. HVHF decreased levels of plasma tumor necrosis factor and in-
terleukin 6. The heart rate of the HVHF group after treatment was slower than the control group, while we
found higher mean arterial pressure in the HVHF group, but oxygenation index was not significantly different
between the two groups. HVHF had no remarkable influence on acute physiological and chronic health evalu-
ation score (APACHE Il score) compared with the control group.

HVHF might be superior to conventional therapy in critically ill patients.

Critical Illness ¢ Hemofiltration ¢ Randomized Controlled Trial e Treatment Outcome

RCTs - randomized controlled trials; HVHF — high volume hemofiltration; ARDS — acute respiratory dis-
tress syndrome; ICU — Intensive Care Unit; MAP — mean arterial pressure; TNF — tumor necrosis factor;
IL-6 — interleukin-6; HR — heart rate; Ol — oxygenation index; APACHE Il score — acute physiological and
chronic health evaluation score; RR - relative risk; Cl — confidence interval; MD — mean difference;

IQR - interquartile range; SD - standard deviation
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Background

META-ANALYSIS

Material and Methods

Hemofiltration was firstly described by Kramer in 1977 for the
treatment of fluid overload patients resistant to diuretics [1].
Clinical practice for more than 30 years has shown that he-
mofiltration can effectively improve the prognosis (including
mortality, length of hospital stays) of critically ill patients [2,3].
At present, it has become a common therapeutic tool in the
intensive care unit (ICU).

In 1992, Grootendorst et al. [4] put forward the concept of
high-volume hemofiltration (HVHF) on the basis of continuous
veno-venous hemofiltration (CVVH), and for the first time in
a porcine model of sepsis. HVHF was found to be effective in
improving hemodynamic parameters (including cardiac output
and blood pressure). In another study, Grootendorst et al. [5],
injected the ultrafiltration fluid from septic pigs into healthy
pigs; after the infusion was finished, the hemodynamic pa-
rameters of healthy pigs deteriorated. However, if the ultra-
filtration was injected from healthy pigs, there was no such
phenomenon. Thus, they hypothesized that HVHF worked by
removing certain substances that could induce cardiac dys-
function and vasodilatation in septic animals. Subsequently,
Rogiers et al. [6] and Bellomo et al. [7] also confirmed the
ability of HVHF to improve hemodynamic parameters in sep-
tic animal models.

The findings of animal experiments have attracted a great
deal of interest in the potential advantages of HVHF in human.
Ronco et al. [8] reported for the first time in 2000 that HVHF
can reduce the mortality of critically ill patients, including
sepsis, severe trauma, and postoperative patients. In addi-
tion, other researchers further supported that the use of HVHF
was associated with improvement prognosis of patients with
acute respiratory distress syndrome (ARDS) [9] and acute re-
nal injury [10]. New studies published in 2018 also showed
HVHF effectively reduced mortality in critically ill patients with
severe burn [11] and severe acute pancreatitis (SAP) [12].
However, a multicenter study (IVOIRE study) published in 2013
by Joanne-Boyao et al. [13] suggested there was no evidence
that HVHF reduced 28-day mortality or contributed to early
improvements in hemodynamic parameters or organ func-
tion. The study by Ghani et al. [14] and Boussekey et al. [15]
also failed to find the benefits of HVHF in critically ill pa-
tients. Therefore, it is still controversial whether application
of HVHF can really improve the condition of critically ill pa-
tients. In this meta-analysis, we developed a unified standard
to systematically evaluate the clinical effect of HVHF on crit-
ically ill patients.

Literature search strategy

According to the criteria of literature inclusion and exclusion,
2 researchers searched the literatures of PubMed, Cochrane,
and Embase databases independently. The retrieval time was
from the inception of databases to July 27, 2018. Languages
were not restricted. The search was performed using the fol-
lowing items: “randomized”, “clinical trial”, “renal replacement
therapy”, “high volume hemofiltration”, “intensity”, “inten-
sive care unit”, “critically ill”, “critical illness”. Disagreements
of study research were resolved by discussions, when discus-
sions failed to resolve a disagreement, a third author was in-
volved to make the decision.

Eligibility criteria

Eligibility criteria included: 1) publicly published randomized
controlled trials (RCTs) that reported HVHF use in critically ill
adult patients; 2) outcome indicators included 1 of the fol-
lowing items: mortality, serum levels of tumor necrosis fac-
tor (TNF) and interleukin-6 (IL-6), heart rate (HR), mean arteri-
al pressure (MAP), oxygenation index (Ol), acute physiological
and chronic health evaluation score (APACHE I1); 3) a clear time
and location for the studies to be conducted; 4) sample size
of treatment group and control group was clear and definite;
5) dosage and duration of treatment in HVHF group and the
treatment measures in the control group was provided in origi-
nal articles; and 6) baseline level of 2 groups were comparable.

Exclusion criteria

Exclusion criteria included exclusion of non-RCTs, case re-
ports, animal studies, reviews, letters, duplicated data, and
non-adult studies.

Data extraction

Data from the included RCTs was extracted by 2 authors inde-
pendently, if there was any disagreement, the third author was
invited to discussion and consensus. Self-made data extraction
table was used to extract data, For each study, the following
information was extracted: 1) the basic situation of studies:
name of first author, publication year, the country, etc.; 2) base-
line characteristic of patients: sample size, disease types, etc.
3) intervention measures: dose of ultrafiltration rates used in
HVHF group and specific treatment measures in control group;
4) outcome indicators: mortality, serum levels of TNF and IL-6,
HR, MAP, Ol, and APACHE Il score.
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Methodological quality assessment

All studies were evaluated by 3 reviewers independently for
methodological quality assessment by using the Cochrane risk
of bias tool which includes the following 7 aspects: random
sequence generation, allocation concealment, blinding of pa-
tients and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other sources of
bias. The assessment criteria were as follows: high risk bias
was any aspect aforementioned here that was regarded as
high risk; low risk bias was all the aspects were of low risk;
and unclear risk bias was unclear risk in any aspect while no
high risk in other aspects.

Statistical analysis

Data analysis was performed by using ReviewManager 5.3 soft-
ware provided by the Cochrane International Cooperation or-
ganization. Using 2-sided tests, the level of significance was
0.05, with P<0.05 in 2-sided tests considered as statistically
significant. Metrological data (TNF, IL-6, HR, MAP, Ol, APACHE I
score) was analyzed with mean deviation (MD) and standard
deviation (SD), and counting data (mortality) was analyzed
with relative risk (RR) and 95% confidence intervals (95% Cl)
as effect statistic. If there was no significant heterogeneity
(12 <50%, P»0.05), using the Peto Mantel-Haenszel fixed ef-
fect model, if the heterogeneity test was significant (12 >50%,
P<0.05), the Dersimonian Laird random effect model was used.
Reverse funnel plot was used to analyze potential publica-
tion bias, if the number of studies included was large enough.
Sensitivity analysis was adopted to detect the effect of each
study on the overall estimate by using the leave-one-out ap-
proach when necessary.

Results

Literature retrieval results

A total of 282 potential studies (110 through PubMed, 133
through Embase, and 39 through the Cochrane Library) were
screened according to the search strategy, and no other arti-
cles were found through manual searches. Then 136 records
that remained after 146 records were removed as duplicates.
After screening of the titles and/or abstracts, 112 citations were
discarded for reasons shown in Figure 1. Consequently, 24 full-
text articles were assessed for eligibility, and 3 articles were
excluded for lacking relevant outcome indicators, 21 articles
with 3135 critically ill patients (1610 in HVHF group and 1525
in control group) were included in the final meta-analysis. The
flow chart for detailed search steps is presented in Figure 1.
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lacking relevant outcomes

Figure 1. PRISMA flow diagram of the study selection process.
Basic characteristics of the included studies

The key baseline characteristics are illustrated in Table 1.
The 21 studies included were published from 2000 to 2018;
all of the studies were RCTs, 4 studies were multicenter tri-
als [13,16-18], and the studies’ population included Asian,
European, and American. Among 21 studies, 8 studies en-
rolled septic patients [13-17,19-21], 5 studies recruited pa-
tients with SAP [22-26], 3 studies recruited patients with
ARDS [9,27,28], acute kidney injury (AKI) patients were included
in 3 studies [8,29,30], 2 studies respectively reported on pa-
tients with severe burn [11] and postcardiac surgery shock [18].
For outcomes, 17 assessed mortality [8,9,11,13,15-19,21-24,26,
28-30], 4 assessed TNF[9,20,25,27], 2 assessed IL-6 [19,25,27],
5 assessed HR [14,20,22,26,28], 3 assessed MAP [14,26,28],
5 assessed Ol [9,20,26-28], and 5 evaluated APACHE Il
score [20,22,23,26,27].

Assessment of study quality

After the methodological quality assessment of 21 included
studies, no study was judged to be at low risk of bias, 8 stud-
ies [15-17,21,23,26,27,30] were regarded to be high risk bias
for at least 1 high risk item, and the risk of bias was unclear for
the remaining 13 studies [8,9,11,13,14,18-20,22,24,25,28,29]
(detailed in Figure 2).
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Table 1. The basic characteristics of studies included.

Number of Intervention measures
Location patients Centers Population Outcome
(HVHF/Control)
Bellomo R Australia+ 1464 ) Acute renal 40 25 Mortalit
[30] (2009) New Zealand (721/743) failure ml/kg/h ml/kg/h y
Bo You . 82 Burns >50% 65 Conventional .
[11] (2018) China (41/41) ! TBSA ml/kg/h  therapy Mortality
Bouman CS 106 Acute renal 72-96L 24-36L .
[29] (2002) AL (35/71) ! failure per day per day 1]
Boussekey N 19 . 65 35 .
[15] (2008) France (9/10) ! Sepsis ml/kg/h ml/kg/h e
Chen X . 105 6 Conventional Mortality,
h 1 ARD !

[9] (2014) China (55/50) RDS L/h therapy ol, TNF
Chu LP . 30 -, 85 35 Mortality,
[22] (2012) SlliE (15/15) ! Pancreatitis ml/kg/h  ml/kg/h APACHE Il
Chung KK 37 . . 70 20-35 .
[16] (2017) USA (23/14) Multicenter  Sepsis ml/kg/h ml/kg/h Mortality
Combes A 224 . Postcardiac 80 <35 .
[18] (2015) France (112/112) T i mli/kg/h  ml/kg/h Mortality
Ghani RA . 33 . 100 35
[14] (2006) Malaysia (15/18) ! Sepsis mikg/h  mikg/h MAP, HR
Gou J China 22 1 Sepsis 60 Conventional Mortality,
[19] (2017) 11/11) P ml/kg/h therapy IL-6
He WH China 66 1 Pancreatitis 50 Conventional Mortality,
[23] (2016) (33/33) mL/kg/h therapy APACHE II
Hu D . 14 . 6 MAP, HR, Ol,
[20] (2012) (SliE 7/7) ! Sepsis L/h CPFA  INF, APACHE I
Jiang HL . 37 o, 4 .
[24] (2005) China (18/19) 1 Pancreatitis Uh 1L/h Mortality

France+
Joanne-Boyao O . 137 . . 70 35 .

Belgium+ Multicenter  Sepsis Mortality
[13] (2013) Netherlands (66/71) mL/kg/h mL/kg/h
Liu C . 86 - 35 20
[25] (2017) China (43/43) 1 Pancreatitis mU/kg/h mL/kg/h IL-6, TNF
Peng Z . 22 . 85 Conventional .
[21] (2010) Ctls 11/11) ! Sepsis ml/kg/h  therapy izl
Quenot JP 60 . . 120 Conventional .
[17] (2015) France (31/29) Multicenter ~ Sepsis mU/kg/h iy Mortality
Ronco C Italy+ 425 ) Acute renal 35 20 Mortalit
[8] (2000) USA (279/146) failure mL/kg/h mL/kg/h y
Xia L China 60 1 Pancreatitis 220-250 Conventional Mortality, MAP,
[26] (2012) (30/30) ml/min therapy  HR, Ol, APACHE Il
Xie J . 41 6 Conventional  IL-6, Ol, TNF,
[27] (2009) China (21/20) ! ARDS L/h therapy APACHE Il
Zhang JC . 65 45 Conventional Mortality, MAP,
[28] (2013) (SliE (37/28) ! ARDS mi/kg/h  therapy HR, Ol

TBSA — total burn surface area; ARDS — acute respiratory distress syndrome; Ol — oxygen index; TNF — tumor necrosis factor;
IL-6 — Interleukin-6; MAP — mean arterial pressure; HR — heart rate; APACHE Il — acute physiology and chronic health evaluation;
CPFA — coupled plasma filtration adsorption.
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Bouman (S 2002

Boussekey N 2008

BoYou 2018

Chen X 2014

Chu LP 2012

Chung KK 2017

Combes A 2015

Ghani RA 2006

GuoJ 2017

HeWH 2016

Hu D2012

Jiang HL 2005

Joanne-Boyao 02013
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PengZ2010

Quenot JP 2015

Ronco C 2000
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XiaL 2012
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Zhang JC2013

Figure 2. Results of methodological quality evaluation, 8 studies
were regarded to be high risk bias for at least 1 high
risk item, and the risk of bias was unclear for the
remaining 13 studies.

00 SE (log[RR]) o
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o
204 “_ RR
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Figure 3. The funnel plot of the publication bias analysis,
this funnel plot is not visually symmetric and
reveals potential publication bias. RR — relative risk;
SE - standard error.

Publication bias analysis

In the meta-analysis of the impact of HVHF on the mortal-
ity of critically ill patients, a total of 17 studies [8,9,11,13,
15-19,21-24,26,28-30] were included, the number of stud-
ies was sufficient to conduct publication bias assessment; in
the funnel plot, we chose RR value as the horizontal abscissa,
while the SE (standard error) value as the ordinate, for the fun-
nel plot was not symmetrical visually (Figure 3), we thought
there was potential publication bias. In the evaluation of
other outcomes, the number of studies included were all less
than 10, and thus publication bias assessment was not per-
formed, so it was unclear whether there was publication bias
for the other outcomes.

Results

Mortality

The seventeen RCTs [8,9,11,13,15-19,21-24,26,28-30] included
1524 critically ill patients in the HVHF group and 1437 patients
in the control group. Forest plot showed no statistical hetero-
geneity among studies (P=0.32, 1?=11%), so the fixed effect
model was used. The results showed that the mortality of the
HVHF group was lower than that of the control group, the for-
mer mortality was 37.8% (576 out 1524 patients), and the lat-
ter was 41.9% (602 out of 1437 patients). The difference was
statistically significant (RR=0.88, 95% CI=0.81 to 0.96, P=0.004)
(Figure 4). Of the 17 studies, 7 studies reported patients who
suffered from sepsis [8,13,15-17,19,21]. The Ronco et al.
study [8] enrolled patients with AKI and found the mortality
of AKI patients complicated with sepsis in their HVHF group
was 69.7% (23 out of 33 patients) and in the control group it
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HVHF Control Risk ratio Risk ratio
Study or subgroup Events Total Events  Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Bellomo R 2009 322 21 332 743 52.8% 1.00[0.89, 1.12] m
BoYou 2018 9 4 13 41 2.1% 0.691[0.33, 1.44] e
Bouman (S 2002 9 35 20 VAl 2.1% 0.91[0.46, 1.79] ——
Boussekey N 2008 3 9 6 10 0.9% 0.56 [0.19, 1.59] —_—
ChenX2014 23 55 29 50 4.9% 0.72[0.49,1.07] —
Chu LP 2012 3 15 5 15 0.8% 0.60[0.17, 2.07] —
Chung KK 2017 5 23 5 14 1.0% 0.61[0.21,1.73] ————
Combes A 2015 40 112 40 112 6.5% 1.00[0.70, 1.42] e
GuoJ 2017 4 1" 5 n 0.8% 0.80[0.29,2.21] ——
He WH 2016 1 32 0 34 0.1% 3.1810.13,75.38]
Jiang HL 2005 1 18 6 19 0.9% 0.1810.02,1.32]
Joanne-Boyao 02013 20 66 28 VAl 4.4% 0.7710.48,1.22] e
PengZ 2010 1 n 2 n 0.3% 0.50 [0.05, 4.75]
Quenot JP 2015 6 29 10 31 1.6% 0.64[0.27, 1.54] —_—
Ronco 2000 119 279 86 146 18.2% 0.72[0.60, 0.88] -
Xial 2012 5 30 7 30 1.1% 0.7110.25,2.00] —_—
Zhang JC2013 5 37 8 28 1.5% 0,4710.17,1.29] e
Total (95% Cl) 1524 1437 100.0% 0.88[0.81,0.96]
Total events 576 602 ‘]
Heterogeneity: Chi>=18.07, df=16 (P=0.32); ’=11% b B . + 4
Test for overall effect: Z=2.88 (P=0.004) 0.02 0.1 1 10 50
Favours [experimantal] Favours [control]

Figure 4. Forest plot comparing mortality among HVHF group to that of control group. HVHF — high volume hemofiltration.

was 75% (15 out of 20 patients), thus, this study was classi-
fied as the Sepsis group in our subgroup analysis). Two stud-
ies included ARDS patients [9,28], 4 studies included SAP pa-
tients [22-24,26], 2 other studies included AKI patients [29,30],
and the remaining 2 studies were respectively for severe burn
patients [11] and postcardiac surgery shock patients [18].
Subgroup analysis of mortality based on different diseases dem-
onstrated that HVHF reduced mortality in patients with sepsis
and ARDS (RR=0.76, 95% Cl=0.58 to 0.98, P=0.04; RR=0.66,
95% Cl=0.46 to 0.96, P=0.03). However, there was no signifi-
cant difference between HVHF and control groups in patients
with SAP, AKI, or other diseases (RR=0.58, 95% Cl=0.29 to 0.15,
P=0.59; RR=1.00, 95% CI=0.89 to 1.11, P=0.95; RR=0.92, 95%
Cl=0.67 to 1.27, P=0.63) (Figure 5).

Inflammatory mediators

As for inflammatory mediators, the efficiency of HVHF to de-
crease the concentrations of plasma TNF and IL-6 levels were
reported by 4 studies [9,20,25,27] (126 patients in HVHF group
and 120 patients in control group) and 2 studies [19,25] (54
patients in HVHF group and 54 patients in control group) re-
spectively; forest plots showed there was no statistical hetero-
geneity among the studies (P=0.28, 1=22%; P=0.81, 1?=0%),
so we used the fixed effect model for analysis. The results il-
lustrated the levels of TNF and IL-6 in the HVHF group were
lower than those in control group after treatment, and the
differences were statistically significant (MD=-5.65, 95%
Cl1=-8.21 to -3.10, P<0.0001; MD=-5.31, 95% CI=—8.99 to -1.63,

P=0.005) (Figures 6, 7), which suggested HVHF could decrease
the levels of plasma TNF and IL-6 in critically ill patients.

Vital signs

In terms of HR there were 5 studies [14,20,22,26,28] (104 pa-
tients in the HVHF group and 98 patients in the control group)
and in terms of MAP there were 3 studies [14,26,28] (82 pa-
tients in the HVHF group and 76 patients in the control group)
included in our meta-analysis. There was no evident statistical
heterogeneity among the studies for HR or MAP (P=0.75, I?=0;
P=0.48, 1>=0), thus we used the Peto Mantel-Haenszel fixed
effect model. The results showed there were statistical differ-
ences for HR and MAP (MD=-8.18, 95% Cl=-12.49 to —-3.86,
P=0.0002; MD=5.21,95% Cl=0.33-10.1, P=0.04), indicating the
HVHF group had lower HR and higher MAP compared with the
control group for these studies (Figures 8, 9).

For Ol, there were 5 studies [9,20,26-28] included in the meta-
analysis (150 patients in an HVHF group and 135 patients in
a control group). There was large statistical heterogeneity
among these studies as shown in the forest plot (P<0.00001,
[2=100%). The random effect model was used, and the re-
sults for Ol showed there was no statistical difference be-
tween the 2 groups (MD=52.88, 95% Cl=—49.64 to 155.39,
P=0.31) (Figure 10).
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HVHF Control Risk ratio Risk ratio
Study or subgroup Events Total Events  Total Weight M-H, fixed, 95% (I M-H, fixed, 95% CI

1.1.1 Sepsis
Boussekey N 2008 3 9 6 10 1.1% 0.56[0.19, 1.59] —
Chung KK 2017 5 23 5 14 1.2% 0.61[0.21,1.73] -
GuoJ 2017 4 1 5 n 1.0% 0.80[0.29,2.21] —_—
Joanne-Boyao 02013 20 66 28 Al 5.1% 0.77[0.48,1.22] —
Peng 22010 1 1 2 1 0.4% 0.501[0.05, 4.75]
Quenot JP 2015 6 29 10 31 1.8% 0.64[0.27,1.54] ———
Ronco € 2000 23 33 15 20 3.6% 0.9310.66, 1.30] ——
Subtotal (95%(Cl) 182 168 14.1% 0.76[0.58, 0.98] L 2
Total events 62 7
Heterogeneity: Chi*=2.18, df=6 (P=0.90); ’=0%
Test for overall effect: Z=2.10 (P=0.04)
1.1.2 ARDS
ChenX2014 23 55 29 50 5.8% 0.721[0.49,1.07] —
Zhang JC2013 5 37 8 28 1.7% 0.47[0.17,1.29] —_—
Subtotal (95%(l) 92 78 7.5% 0.66 [0.46, 0.96] -
Total events 28 37
Heterogeneity: Chi>=0.61, df=1 (P=0.43); I’=0%
Test for overall effect: 7=2.17 (P=0.03)
1.1.3 Pancreatitis
Chu LP 2012 3 15 5 15 1.0% 0.60[0.17,2.07] s
He WH 2016 1 32 0 34 0.1% 3.18[0.13,75.38]
Jiang HL 2005 1 18 6 19 1.1% 0.18[0.02,1.32]
XiaL 2012 5 30 7 30 1.3% 0.71[0.25, 2.00] —_——
Subtotal (95%Cl) 95 98 3.5% 0.5810.29, 1.15] e
Total events 10 18
Heterogeneity: Chi’=2.62, df=3 (P=0.45); ’=0%
Test for overall effect: Z=1.56 (P=0.12)
1.1.4 Acute renal failure
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Subtotal (95%Cl) 756 814 64.8% 1.00[0.89,1.11] 4
Total events 331 352
Heterogeneity: Chi?=0.07, df=1 (P=0.79); I’=0%
Test for overall effect: Z=0.07 (P=0.95)
1.1.5 Other diseases
BoYou 2018 9 4 13 4 2.5% 0.691[0.33, 1.44] —_—t
Combes A 2015 40 112 40 112 7.6% 1.00[0.70, 1.42] ——
Subtotal (95%Cl) 153 153 10.1% 0.92[0.67, 1.27] &
Total events 49 53
Heterogeneity: Chi?=0.79, df=1 (P=0.37); ’=0%
Test for overall effect: Z=0.49 (P=0.63)
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Total events 480 531
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Figure 5. Forest plot of subgroup analysis comparing the mortality among HVHF group to that of control group based on different

diseases. HVHF — high volume hemofiltration.

APACHE Il score

For APACHE Il score, 5 studies [20,22,23,26,27] were included
with 105 patients in HVHF group and 106 in control group. We
used the random effect model because of evident statistical het-
erogeneity (P<0.0001, 12=90%). The pooled results showed no
difference in APACHE Il score between the 2 groups (MD=-0.93,
95% Cl=-3.35 to 1.49, P=0. 45) (Figure 11).

Sensitivity analysis

In order to test the robustness of our meta-analysis and
find the potential sources of heterogeneity, we carried out

leave-one-out sensitivity analysis. The removal of any study
could not change the results of mortality, plasma TNF, HR, Ol
or APACHE Il score, which indicated the conclusions of these
outcomes were sufficiently robust. In the sensitivity analysis
of Ol and APACHE Il score, we found |? failed to be less than
50% no matter what study was removed, which suggested the
heterogeneity of those 2 meta-analyses didn’t originate from
a particular study, the heterogeneity might be related to the
varied methodological quality among studies, different inter-
fere measures in control group, or the difference in treatment
duration. In the meta-analysis of IL-6, we found poor reliabil-
ity for the result that showed no significant difference be-
tween the 2 groups when we removed the Liu et al. study [25];
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HVHF Control Mean difference Mean Difference
Study or subgroup Mean SD Total  Mean SD Total Weight IV, fixed, 95%CI IV, fixed, 95% Cl
Chen X 2014 8156 1532 55 8835 147 50 19.8% —6.79[-12.53,-1.05] S —
Hu D2012 186.87  55.09 7 15178  29.45 7 0.3%  35.09[-11.19,81.37] .
Liu C2017 6423 865 43 6875 876 43 483%  —4.52[-8.20,-0.84] —.
Xie J 2009 7372 944 21 8079 477 2 31.6% -7.07[-11.62,-2.52] —_——
Total (95% Cl) 126 120 100.0%  -5.65[8,21,-3,10] -
Heterogeneity: Chi>=3.87, df=3 (P=0.28); I’=22% - + + +
Test for overall effect: 7=4.34 (P<0.0001) -20 -10 0 10 20
Favours [experimantal] Favours [control]

Figure 6. Forest plot comparing concentration of TNF among HVHF group to that of control group. TNF — tumor necrosis factor;

HVHF - high volume hemofiltration.

Favours [experimantal]

HVHF Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95%Cl
GuoJ 2017 1064 238 11 137 151 n 49%  —7.30[-23.96,9.36] .
LiuC2017 156.52 837 43 16173 945 43 95.1%  —5.21[-8.98, —1.44] —.—
Total (95% (l) 54 54 100.0% -5.31[-8.99,-1.63]
Heterogeneity: Tau’=0.00, Chi>=0.06, df=1 (P=0.81); ’=0% + + 4 + +
Test for overall effect: Z=2.83 (P=0.005) =20 -10 0 10 20

Favours [control]

Figure 7. Forest plot comparing concentration of IL-6 among HVHF group to that of control group. IL-6 — interleukin 6; HVHF — high

volume hemofiltration.

HVHF Control Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% (I IV, fixed, 95% Cl
ChuLP 2012 86.6 1457 15 9927 1622 15 15.3% —12.67 [-23.70,-1.64] —p—
ChenX 2014 86 385 15 9% 415 18 2.5% -10.00[-37.33,17.33]
Hu D2012 80 7.81 7 85 4 7 440%  -5.00[-11.50, 1.50] -
Liu 2017 118 20 30 129 17 30 21.1% -11.00[-20.39,-1.61] _—
Xie J 2009 101.7 184 37 1103 232 28 17.1%  -8.60[-19.04,1.84] ——
Total (95% Cl) 104 98 100.0% —8.18[-12.49,-3.86] -
Heterogeneity: Chi’=1.92, df=4 (P=0.75); ’=0% 4 1 + +

1% A= 20 -10 0 10 20
Test for overall effect: 7=3.72 (P=0.0002) Favours [experimantal] Favours [control]

Figure 8. Forest plot comparing HR among HVHF group to that of control group. HR — heart rate; HVHF — high volume hemofiltration.

HVHF Control Mean difference Mean difference
Study or subgroup Mean SD Total  Mean SD Total Weight IV, fixed, 95% Cl IV, fixed, 95% Cl
Ghani RA 2006 987 147 15 98 121 18 27.5% 0.70 [-8.61,10.01] .
XiaL2012 984 181 30 90.3 102 30 43.2% 8.10[0.67,15.53] -
Zhang JC2013 847 125 37 795 218 28 29.3% 5.20[-3.82,14.22] T
Total (95% CI) 82 76 100.0% 5.21[0.33,10.10] +
Heterogeneity: Chi>=1.48, df=2 (P=0.48); I’=0% . ' L 1 .
Test for overall effect: 7=2.09 (P=0.04) -100 =50 X 0 50 100
Favours [experimantal] Favours [control]

Figure 9. Forest plot comparing MAP among HVHF group to that of control group. MAP — mean arterial pressure; HVHF — high volume

hemofiltration.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]

[EMBASE/Excerpta Medica]



META-ANALYSIS

Junhai Z. et al:
Effect of high-volume hemofiltration in critically ill patients..
© Med Sci Monit, 2019; 25: 3964-3975

Heterogeneity: Tau?=13547.18, Chi>=1380.32, df=4 (P<0.00001); I>=100%
Test for overall effect: Z=1.01 (P=0.31)

HVHF Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% (I IV, random, 95% CI
Chen X 2014 166.3 36.1 55 1283 354 50 20.1% 38.00[24.31,51.69]
HuD 2012 234.28 46.6 7 2974 3787 7 19.5% —63.12[-107.60, —18.64] v
XiaL 2012 197.3 324 30 1783 317 30 20.1% 19.00[2.78,35.22]
Xie J 2009 31626 1554 21 88.04 1032 20 20.2%  228.22[220.18, 236.26] v
Zhang JC2013 169.8 179 37 1318 175 28 20.2% 38.00[29.32, 46.68]
Total (95% Cl) 150 135  100.0%  52.88[-49.64,155.39]

+ 3 4
100 200

Favours [control]

+
-200 -100 0
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Figure 10. Forest plot comparing Ol among HVHF group to that of control group. Ol — oxygenation index; HVHF — high volume

hemofiltration.

HVHF Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95% Cl
ChuLP 2012 116 235 15 152 278 15 21.3% -3.60 [-5.44,-1.76] ——
He WH 2016 542 51 32 356 439 34 19.9% 1.86 [-0.44, 4.16] R
Hu D2012 1943 532 7 142 278 7 13.3% 5.230.78,9.68] -
XiaL 2012 133 1 30 141 1.2 30 23.9% —0.80 [-1.36,-0.24] -
Xie J 2009 20.5 23 21 253 3.2 20 21.6% —4.80[-6.51,-3.09] —_
Total (95% (I) 105 106 100.0% -0.93[-3.35,1.49] ~agiEs-
Heterogeneity: Tau?=6.27, Chi>=40.20, df=4 (P<0.00001); >=90% + + 4 4
Test for overall effect: Z=0.75 (P=0.45) -10 -5 10
Favours [experimantal] Favours [control]

Figure 11. Forest plot comparing APACHE Il score among HVHF group to that of control group. APACHE Il — acute physiological and
chronic health evaluation score; HVHF — high volume hemofiltration.

since only 2 studies were included, unreliable finding might be
associated with the small number of studies. Similarly, in the
analysis of MAP, the results reversed after removing the study
of Xia et al. [26] or Zhang et al. [28], which suggested the con-
clusion was not robust. Therefore, caution should be exercised
when reference to results of the effect of HVHF on IL-6 and
MAP in critically ill patients.

Discussion

Our meta-analysis included 21 RCTs (3135 critically ill patients).
To the best of our knowledge, it is the largest meta-analysis
that evaluated the clinical effect of HVHF on critically ill pa-
tients to date. This study demonstrated that HVHF was asso-
ciated with the reduction of mortality of critically ill patients
after the inclusion of several recently published RCTs, and the
reliability of the conclusion was confirmed by sensitivity anal-
ysis, In the subgroup analysis, HVHF was found to effectively
reduce mortality in patients with sepsis or ARDS, but no sur-
vival benefit was found in patients with SAP, AKI, or other
diseases. As for the ability to eliminate the blood inflamma-
tory mediators, our study revealed that HVHF could decrease
the levels of TNF and IL-6 in critically ill patients. In terms of
vital signs, this meta-analysis provided evidence that HVHF

decreased HR and increase MAP, but didn’t show the advan-
tage on Ol compared to the control group. Similarly, the HVHF
group didn’t exhibit lower APACHE Il score. Unfortunately, the
effects of HVHF to remove IL-6 and increase MAP were over-
turned by sensitivity analysis.

Critical illnesses, such as sepsis [13,19], SAP [24-26],
ARDS [9,27], severe burns [11,31] and even postcardiac sur-
gery [18,32,33] might lead to systemic inflammatory response
syndrome (SIRS). under this condition, large amounts of inflam-
matory cells are activated, and those effector cells release vari-
ous inflammatory mediators and cytokines, which are amplified
by the “cascade effect” and even produce so-called “cytokine
storms”. These excessive inflammatory mediators and cytokines
not only cause disorder of the immune functions, but also dam-
age the body directly through the injury of endothelial cells,
thus leading to the occurrence of multiple organ dysfunction
(MODS). Studies have shown in patients with severe trauma
that the higher level of plasma inflammatory factors is associ-
ated with severer organ dysfunction and worse prognosis [34].
In the latter stage, a large number of anti-inflammatory factors
such as IL-10 are released, which combined with the apoptosis
of lymphocyte together lead to the immune paralysis and in-
crease the chance of secondary infection [35]. How to inhibit
the excessive release of inflammatory mediators to improve
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the prognosis of critically ill patients has become a research
hotspot in many countries today, TNF antagonists [36], inter-
leukin-receptor antagonists [37] and other anti-cytokine drugs
are emerging from time to time. However, no improvement in
survival has been shown when using these drugs so far; the
possible reason is that there is a complex network of inflam-
matory mediators in the state of systemic inflammation, and
blocking a certain inflammatory mediator alone cannot fully
reverse the state of systemic inflammation. HVHF can non-spe-
cifically eliminate water-soluble small and medium molecules
(including most inflammatory mediators) in the blood, pro-
moting the balance of pro-inflammatory and anti-inflamma-
tory mediators by means of filtration, adsorption [38]. A meta-
analysis of animal experiments conducted by Atan et al. [39] in
2013 indicated that HVHF had the potential to achieve appre-
ciable IL-6 and IL-10 clearances. Our meta-analysis also came
to a similar conclusion. In theory, HVHF alleviates systemic in-
flammation through removing large numbers of inflammatory
mediators, and then improves prognosis of MODS caused by
various critical illnesses. Just as Ronco et al. [40] once put for-
ward, it’s time to abandon the simple goal of achieving ade-
quate renal support, the proper goal of CVVH in ICU should be
multi-organ support therapy. In some clinical studies, although
HVHF was effective in reversing shock and improving organ
function, this effect didn’t appear to be related to the removal
of cytokines [16,41].

In addition to the benefits in maintaining a balance of water
and electrolytes, Honore et al. [42] also proposed the follow-
ing hypothesis: when removal is occurring on the blood com-
partment side, the inflammatory mediators in the tissue side
enter the blood for the concentration difference, which leads
to the level of mediators in the blood not decreasing signifi-
cantly, while the mediators in the tissue fluid decrease effec-
tively, therefore, no further harm can be done to the tissue.
Our meta-analysis showed that HVHF reduced mortality in pa-
tients with sepsis and ARDS, but not in patients with SAP, AKI,
or other diseases. In addition, it had no substantial influence
on Ol, or APACHE Il score. The reasons might be as follows:
on the one hand, the pathogenesis of different diseases is not
entirely the same, the efficacy of HVHF for different illnesses
is quite different. On the other hand, excessive loss of electro-
lytes, micronutrients, vitamins or drugs (e.g., antibiotics) when
removing the inflammatory mediators cannot be ignored [43],
which will have negative impact on the prognosis of patients.

In recent years, as the efficacy of HVHF has been controver-
sial, meta-analysis about HVHF emerged from time to time,
but mainly focused on septic patients. In 2010, Liu et al. [44]
included 9 studies (only 3 RCTs) in their meta-analysis of
HVHF in septic patients. They concluded that HVHF could ef-
fectively reduce mortality of sepsis (OR=0.33, 95% CI=0.17 to
0.64, P<0.01). However, in 2014, Clark et al. [45] updated their

META-ANALYSIS

meta-analysis and showed there was little evidence to rec-
ommend HVHF in sepsis patients (OR=0.76, 95% Cl, 0.45 to
1.29, P>0.05); they added only 4 RCTs. In 2017, a meta-anal-
ysis conducted by Borthwick et al. [45] also came to a similar
conclusion to that of Clark et al. [43], considering the small
number of studies with only 201 participants were included,
and that this could affect the reliability of outcomes, the au-
thors argued that researchers should consider additional RCTs
that are large and multi-centered and have clinically relevant
outcome measures [45]. Besides, in a study of critically ill pa-
tients, a meta-analysis published in 2014 detected no clear
overall beneficial effect of HYHF compared to standard vol-
ume hemofiltration [46], while the meta-analysis recently pub-
lished by Luo et al. [47] demonstrated that HVHF significantly
reduced the incidence of 28-day mortality. Although our find-
ings about mortality were similar to the Luo et al. study,
a strength of our analysis was that we first performed sub-
group analysis for mortality based on different diseases. Our
study is also the first meta-analysis that has assessed the ef-
fect of HVHF on patients with SAP and ARDS. We also included
several additional studies that were not included in the prior
meta-analyses. In general, the conclusions of the meta-analy-
ses published in recent years on HVHF have not been consis-
tent, and most of the analyses included only a small number
of studies. With the new publication of several RCTs in recent
years, more high-level evidence-based medical research was
expected to evaluate the value of HVHF for critically ill patients.
After strict screening, and including the newly published RCTs,
especially those published in the last 2 years, our meta-anal-
ysis concluded that HVHF might reduce the mortality of crit-
ically ill patients.

However, this meta-analysis also has some limitations: First,
most of the studies included were not double-blinded and this
might cause bias. Second, in terms of mortality, there were
14 studies that looked at 28-day mortality, and the remaining
3 studies used different observation times (90-day mortality,
15-day mortality, and hospitalized mortality). Third, there is
still a lack of consistency on the dose of HVHV applied inter-
nationally; the dose of HVHF ranged from 35 mL/kg/hour to
120 mL/kg/hour in our meta-analysis HVHF group. These lim-
itations might impact outcomes; therefore, we still need to be
cautious when referencing to the results of this study and we
must take the actual situation of the patients into consideration.

Conclusions

Our meta-analysis of published RCTs found that HVHF showed
some ability regarding removing plasma inflammatory media-
tors (TNF and IL-6), improving circulation state (lower HR and
higher MAP), and reducing mortality of critically ill patients,
but it had no substantial influence on Ol or APACHE Il score.
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However, for most RCTs included in our meta-analysis, the qual-
ity was not high, and the poor reliability of findings for IL-6
and MAP, suggest the need to conduct RCTs with higher qual-
ity to further clarify the clinical effects of HVHF in the treat-
ment of critically ill patients in the future.
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