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1 | INTRODUCTION

Acute pancreatitis is an inflammatory condition of the pan-
creas mainly caused by bile stones or excessive use of alcohol,
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Abstract

This study aimed to investigate the efficiency, safety and cost-efficiency of blood pu-
rification (BP) in treating patients with severe-acute pancreatitis (SAP). A literature
search was conducted using PubMed, OVID, International Clinical Trials Register
(ICTRP), and Cochrane Central Register of Controlled Trials (CENTRAL). A total
of 11 prospective studies and 6 retrospective studies, which reported the mortality of
1279 SAP patients, were included for analysis. Decreased short-term mortality and
incidence rate of infection were observed in the high-volume hemofiltration (HVHF)
group, but not in patients treated with other types of BP. There was no significant dif-
ference in the incidence of multiple-organ dysfunction (MODS), duration of hospital
stay, or cost of hospitalization between the BP and non-BP groups. The starting time
point, substitution fluid flow rate, filter membrane type, hemofilter change inter-
val, anticoagulation, and sustaining times of BP varied across studies. In conclusion,
HVHF may reduce the short-term mortality (<4 weeks), not long-term mortality, of
SAP patients by decreasing the incidence of infection, while other types of BP did
not show a significant beneficial effect. Neither HVHF nor other BP patterns affect
the duration of hospital stay, cost of hospitalization, or incidence of MODS in SAP

patients.

KEYWORDS
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replacement therapy

as proposed by the 2012 Atlanta classification consensus.' It
can be classified into mild, moderate severe, and severe pan-
creatitis (SAP). The latter two account for 20%-30% of all pa-
tients, who suffer from single or multiple-organ dysfunction

Abbreviations: BP, blood purification; CIs, confidence intervals; CONSORT, consolidated standards of reporting trials; MDs, mean differences; MODS,
multiple-organ dysfunction syndrome; ORs, odds ratios; RRs, risk ratio; SAP, severe-acute pancreatitis; SIRS, systemic inflammatory response syndrome;
STROBE, strengthening the reporting of observational studies in epidemiology.
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and require intensive care. Despite the advances in SAP treat-
ments, the early hospital mortality rate (<4 weeks) caused
by multiple-organ dysfunction syndrome (MODS), infection,
and the later hospital mortality rate (>4 weeks) caused by
gastrointestinal tract bleed, fistula, severe malnutrition may
be up to 15%-30%.”

Blood purification (BP) includes continuous hemofiltra-
tion, hemodialysis, hemodiafiltration, plasma exchange, he-
moabsorption, etc Many articles have reported the benefits
of renal replacement for SAP, especially in decreasing the
levels of cytokines and systemic inflammatory response syn-
drome (SIRS),> which are highly expressed and considered
predictors of poor prognosis in SAP patients. However, most
of these trials were small-sample, non-blinded, non-strict
random studies. They focused on the efficiency of BP on
removing cytokines, but not on the end or long-term out-
comes, such as mortality or endocrine/exocrine functions of
the pancreas. Also, treatment methods and patient population
varied significantly across studies. All the limitations leave
the role, efficiency, and safety of BP controversial. None of
the guidelines recommend BP for pancreatitis,l’6 except the
one in Japan. Even in the Japan guideline, BP is only rec-
ommended to reduce proinflammatory cytokines in cases
with abdominal compartment syndrome or with unstable
circulation dynamics and anuria after sufficient initial fluid
infusion.”®

Since 2010, three meta-analyses on the efficiency of BP
have been published,g'11 which were focused on different out-
comes and shared differences inclusion criteria. For example,
the included studies with the outcomes ranged from laboratory
parameters to APACHE-II score, included study's numbers
shifted from two to nine. There are still some limitations ob-
served in these articles. Such as some studies included in the
first meta—analysis9 (2013), BP was given to both experimen-
tal and control groups. The second meta—analysislo (2019) in-
cluded only one study to evaluate a single outcome. The third
one'! (2020) included nine studies, five of which reported mor-
tality data. One of the five studies reported the mortality in the
BP group but not in the control group, and the remaining four
studies used APACHII grade for mortality analysis. One of
them recruited patients with no organ dysfunction which can-
not be considered as SAP. In conclusion, although the studies
have played an important role in evaluating the efficiency of
BP on SAP, it is still necessary to reexamine the role of BP
in SAP from different aspects, especially considering the end-
point outcomes, and also paying attention to its possible side
effects, cost-efficiency. In the current meta-analysis, we take
the end-point result, mortality, as main outcome to evaluate the
efficacy of BP in treating patients with SAP, and adopt inci-
dence of MODS and complications as secondary outcomes to
evaluate its safety. Along with that we also pay attention to the
length of stay in hospital and cost of hospitalization in order to
analyze its cost-efficiency rate. At the same time, to reduce data
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loss and publication bias, in addition to random control trials,
controlled studies and retrospective studies also are collected,
which reported mortality in both BP and controlled groups. The
studies are divided into different subgroups to analyze the influ-
ences of varied factors such as BP parameters and study design.

2 | MATERIALS AND METHODS

2.1 | Literature search

Literature search was conducted on January 5, 2021 using
PubMed, OVID, International Clinical Trials Register
(ICTRP), and Cochrane Central Register of Controlled Trials
(CENTRAL). The following searching strategies were used:

1. “pancreatitis” OR “pancreas inflammation” [Title/
Abstract]

2. “extracorporeal blood therapy” [Title/Abstract] OR “renal
replacement therapy” [Title/Abstract]

3. “hemofiltration” [Title/Abstract] OR “hemopurification”
[Title/Abstract] OR “hemodialysis” [Title/Abstract] OR
“hemodiafiltration” [Title/Abstract] OR “hemoabsorp-
tion” [Title/Abstract] OR “plasma exchange”

4. 2 AND 3

5. 1AND 4

2.2 | Inclusion and exclusion criteria

The inclusion criteria were as follows: (a) SAP was diag-
nosed according to the Atlanta classification or its subsequent
revised versions,' (b) two groups of patients were included:
the standard treatment group and the BP group, (c) mortality
was reported in both groups. The exclusion criteria were as
follows: (a) studies that were irrelevant to our objective, (b)
case report, (c) studies in which the desired data were not
reported, (d) studies in which the same population was reana-
lyzed by updated studies, (e) studies including patients with
malignant tumor, chronic liver dysfunction, chronic kidney
dysfunction, chronic pancreatitis.

2.3 | Study selection

A total of 204 studies were identified using the search-
ing strategies. Among them, 185 studies were excluded
(Figure 1), leaving 11 prospective studies*!*?! and 6 retro-
spective studies?*’ for analysis. Studies by Wang et al and
Alekasandrova et al'®?’ had two subgroups, which could be
considered as two independent studies. Therefore, a total of
19 studies were analyzed. The characteristics of these studies
are summarized in Table 1
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2.4 | Data collection

The included studies were classified into two groups: the
prospective group and the retrospective group. According to
consensus of renal replacement therapy, generally speaking,
effluent flow rate greater or equal to 40 mL per kilogram of
body weight per hour can be classified as high-volume hemo-
filtration. Because the dose of RRT verified in large range,
it is hard to do subgroup according different dose and blood
purification patterns, so we simply put all other blood purifi-
cation patterns do not fulfill the definition of HVHF into one
group named non-HVHF.?® The following data were collected
from all studies: study characteristics (ie, country, sample
size, study interval, study design), population characteristics
(ie, sex, etiology), BP methods (ie, HVHF, normal CVVH,
plasma exchange), the time when the treatment started, and
the outcomes, such as mortality rate, duration of ICU or hos-
pital stay, incidence of MODS, incidence of complications
(ie, bleeding, infection), and surgical intervention rate.

2.5 | Statistical analysis

Data were synthesized using the Review Manager (the
Cochrane Collaboration, version 5.4, UK). The STATA soft-
ware (version 10.0, STATA Corporation, Texas, USA) was
used to perform meta-regression analysis and to detect publi-
cation bias. The mean difference (MD) and 95% confidence
interval (CI) were calculated for continuous data. The odds
ratio (OR) and 95% CI were used to describe dichotomous
data. When continuous data were reported as median and
range, the mean and standard deviation were calculated using
the method reported previously. The I* was used to evalu-
ate the heterogeneity across studies. When I was >50%,

meta-regression was used to determine the source of hetero-
geneity. The random-effect model was used at the same time,
otherwise, the fixed-effect model was adopted. The sensitiv-
ity analysis was performed to assess the strength and reliabil-
ity of the results by excluding one study in turn. The subgroup
analysis was conducted based on hemofiltration methods and
study design. The publication bias of randomized studies was
assessed by funnel plot. The Beggar's and Egger's tests were
used to detect publication bias using the STATA software if
needed. Retrospective and observational studies were evalu-
ated by the Newcastle-Ottawa scale.

3 | RESULTS

3.1 | Study characteristics and quality
assessment

The characteristics of 19 studies and 1279 patients are sum-
marized in Table 1. the Jadad scale®® and the Newcastle—
Ottawa Scale (NOS)* were applied to assess the
methodological quality of randomized clinical trials (RCTs)
and other prospective studies, respectively. The Jadad scale
consists of three methodological items: randomization (0-2
points), blinding (0-2 points), and dropouts and withdrawals
(0-1 point). RCT that achieves a Jadad score of 3 or more
are of moderate to high quality. For NOS evaluation, three
methodological items should be concerned: sample selection,
design of the control and comparability, and outcome assess-
ment. Studies that acquire an NOS score of six or more are
of moderate-to-high quality. Disagreement happening dur-
ing the selection process was discussed and resolved by par-
ticipants. The quality of randomized studies was relatively
low, except for the one published by Wang et al' Three
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TABLE 1 Characteristics of included studies and SAP patients

Time Sex Etiology BP
Study Country Sample interval Design (F/M) (B/A/0) pattern Score
Gao N (2018)* China 92 2017-2017 Controlled trial ~ 46/46 16/30/46 HVHF 22
Guo H (2016)"2 China 64 2008-2015 Randomized 20/44 NR HVHF 2
Zhu'Y (2011)" China 75 2006-2009 Controlled trial 31/44 57/8/10 HVHF 8°
Gong D (2010)™ China 12 2004-2006 Controlled trial ~ 0/12 NR HVHF 7°
Sun S (2015)%° China 20 2010-2013 Randomized 5/15 Hyperlipidemic =~ HVHF 3¢
Abuliniti A (2018)'¢ China 40 2011-2013 Controlled trial 15/25 20/1/19 HVHF 8°
Guo H (2016)"? China 61 2008-2010 Controlled trial 22/39 35/13/13 HVHF 8°
Yang ZH (2004)'8 China 37 2000-2003 Randomized 15/22 17/12/8 CVVH 2?
Wang GL(2017-1)" China 125 2004-2015 Randomized 57/68 16/30/46 CVVH 3?
Wang GL(2017-2)" China 130 2004-2015 Randomized 56/64 43/24/53 CVVH 3?
Yang C (2010)% China 51 2000-2003 Randomized NR NR CVVH 2%
Xia L (2012)*! China 60 2005-2011 Randomized 21/39 NR HVHF 24
Pupelis G (2012)* Latvia 130 2004-2006 Retrospective 35/95 NR CVVH 7°
study
Abe R (2010)* Japan 94 around1996  Retrospective NR NR low-CHDF ~ 7°
study
Zhang XJ (2014)** China 38 2008-2012 Retrospective 15/23 20/6/12 CVVH 7°
study
Chen JH (2004)” China 29 1992-2003 Retrospective NR Hyperlipidemic ~ PE 7°
study
Sun BR (2019)26 China 75 2015-2019 Retrospective 19/56 09/9/27 CVVH 7°
study
Alekasandrova Russia 66 NR Retrospective NR NR CVVH 6°
(2012-1)*7 study
Alekasandrova Russia 41 NR Retrospective NR NR CVVH 6°
(2012-2)*7 study

Abbreviations: B/A/O, biliary/alcoholic/others; BP, blood purification; CHDF, continuous hemodiafiltration; CVVH, normal or low continuous venous-venous
hemofiltration; F/M, male/female; HVHF, high volume hemofiltration; NR, not reported; PE, plasma exchange.

“Randomized clinical trial (RCT), and the Jadad scale points.

"The Newcastle-Ottawa Scale (NOS) scale.

TABLE 2 Pooled results of primary

outcome Statistical Number of MD/ W
Pooled result method studies OR 95% CI Pvalue P I (%)
Mortality
Subgroup
HVHF Peto, Fixed 8 255 147444 .0009 .94 0
Non-HVHF Peto, Fixed 8 1.12  0.73,1.73 .6 1 42
Prospective Peto, Fixed 12 2.26 1.48,3.46 .0002 .81 0
Retrospective  Peto, Fixed 7 1.12 0.69,1.82 .64 .01 63
Short-term Peto, Fixed 13 1.76  1.20,2.57 .004 .01 57
Long-term Peto, Fixed 3 1.99 0.70,5.67 2 72 0
Total Peto, Fixed 19 1.66 1.36,2.01 <.00001 .009 36
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prospective studies were scored eight stars, indicating high
quality. The retrospective studies were scored between 6 and
7 stars, indicating relative low quality, but still fulfill the re-
quirement of further analysis.

3.2 | Mortality data

All studies used mortality as the primary outcome, and the
total mortality is shown in Table 2: OR = 1.66, 95% CI [1.36-
2.01], P = .009, I* = 36%. The results of each subgroup were
as follows: the HVHF group: OR = 2.55, 95% CI [1.47-
4.44], P = .0009, I* = 0%; the non-HVHF group: OR = 1.12,
95% CI [0.73-1.73], P = .60, P = 42%; prospective studies:
OR = 2.26, 95% CI [1.48-3.46], P = .002, I = 0%; retro-
spective studies: OR = 1.12, 95% CI [0.69-1.82], P = .64,
I* = 63%. After excluding the study by Alekasandrova et al,?’
the OR, 95% CI, and P values remained unchanged and P
value was 40%. Then, as the study by Abe et al was excluded,
there was no significant difference in the values of OR and
95% CI, but the I value was 0%. The short-term mortality
is also shown: OR = 1.76, 95% CI [1.20-2.57], P = .004,
I* = 63%. After excluding the study by Alekasandrova et al,?’
the OR, 95% CI, and P values remained unchanged and the
I* value was 20%. The long-term mortality is as follows:
OR = 1.99, 95% CI [0.70-5.76], P = .20, I* = 0%.

3.3 | The pooled results of
secondary outcomes

Other outcomes related to the safety and cost of BP were
also analyzed, including incidence of MODS, incidence of
complications (pancreatic abscess in most cases), infection
of pancreatic pseudocyst, length of stay in hospital, and cost
of hospitalization. The pooled results are given in Table 3.

3.4 | Sensitivity analysis

As the length of stay and cost of hospitalization showed
significant heterogeneity, we performed meta-regression
analysis to determine the source of heterogeneity. The re-
sults showed that study duration and BP methods did not ex-
plain the heterogeneity (Table 4). In the subgroup analysis of
the mortality in retrospective studies, the OR, 95% CI, and
P values remained unchanged after excluding the study by
Alekasandrova et al,27 and the I value was 40%. Then, the
study by Abe et al*® was excluded. The OR and 95% CI had
no significantly change, but the I* value was 0%. The analy-
sis of the short-term mortality showed that the OR, 95% CI,
and P values remained unchanged after excluding the study
by Alekasandrova et al,”’ and the I* value was 20%. These

results suggested that studies by Alekasandrova et al and Abe
et al were the major source of heterogeneity.

3.5 | Publication bias

The funnel plot of mortality rate showed that one study was
in the significant area, indicating the existence of publication
bias. After excluding the study by Alekasandrova et al, no
study was found in the significant area. The funnel plot of in-
cidence of MODS, incidence of complications, length of stay
in hospital, and cost of hospitalization indicated no publica-
tion bias as no study was found in the significant area because
tests for funnel plot asymmetry should be used only when
there are at least 10 studies included in the meta-analysis,
because when there are fewer studies the power of the tests is
too low to distinguish chance from real asymmetry, so we did
not present the funnel of length of stay in hospital, and cost of
hospitalization (Figures 2-4).

4 | DISCUSSION

This meta-analysis aimed to compare the efficacy, safety,
and cost of treatment including BP with those of standard
therapy without BP in treating patients with SAP. Most of
studies included SAP with different incentives, such as al-
coholic, biliary or hyperlipidemia or idiopathic, they did not
analyze the efficacy of BP to different types of pancreatitis.
Our results showed that HVHEF, not other BP methods (ie,
plasma exchange, standard or low-volume continuous hemo-
filtration), was significantly associated with decreased mor-
tality, especially short-term mortality and lower incidence of
complications in SAP patients. However, HVHF had no ef-
fect on the incidence of MODS, length of stay in hospital, or
cost of hospitalization.

The mechanism underlying the pathogenesis of SAP re-
mains unclear. The commonly accepted theory is that uncon-
trolled systemic inflammatory response syndrome (SIRS)
leads to the development of multiple-organ failure syndrome
and death. Inflammatory cytokines are closely related to
the severity of acute pancreatitis, end-organ failure, overall
mortality, and duration of hospitalization.'** Blood purifi-
cation, including hemofiltration, hemodiafiltration, hemodi-
alysis, and plasma exchange, has been shown to reduce the
levels of multiple inflammatory mediators,”> and therefore
might be effective in treating SAP patients. However, at pres-
ent, there is no consensus on the efficacy and safety of BP
for SAP. Our cross-investigation data (unpublished) showed
that BP was often used to treat SAP in China. Consistently,
most of the studies included in this meta-analysis were con-
ducted in China. The most commonly used BP method was
continuous venous-venous hemofiltration, especially HVHF.
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TABLE 3 Pooled results of secondary outcomes
Statistical Number of Heterogeneily
Pooled result method studies MD/OR 95% CI P value P & (%)
Incidence of MODS
HVHF Random 5 1.05 0.86,1.28 .65 .56 0
Non-HVHF Random 9 0.89 0.73,1.08 24 11 39
Prospective Study Random 9 1.21 0.99,1.48 .06 21 26
Retrospective Fixed 6 0.53 0.35,0.80 .003 95 0
Total Random 15 0.94 0.85,1.04 .25 15 22
Incidence of complication
HVHF Random 4 1.84 1.05,3.19 .03 45 0
Non-HVHF Random 6 1.53 0.87,2.70 .14 1 46
Prospective Random 7 2.04 1.27,3.29 .003 .26 22
Retrospective Fixed 3 1.08 0.58,2.04 .81 77 0
Total Random 11 1.62 1.24,2.11 24 17 23
Length of stay in hospital
HVHF Random 4 0.91 16.12,14.29 91 <.00001 98
Non-HVHF Random 6 8.58 -1.21,18.36 .09 <.0001 98
Prospective Random 7 9.06 3.76,21.89 17 <.00001 99
Retrospective Random 2 —-10.02 —28.62,8.58 .29 <.00001 94
Total Random 10 4.7 —1.26,10.66 A2 <.00001 98
Cost of hospitalization
HVHF Random 2 2.12 —8.56,4.32 52 <.00001 93
Non-HVHF Random 3 —1.15 —4.20,1.90 46 <.00001 95
Total Random 5 -1.26 —4.08,1.56 .38 <.00001 93
TABLE 4 Meta-regression analysis of
secondary outcomes ES Coef SE t P>t [95% CI]
Year 2.283967 2.247406 1.02 0.356 —3.493174 8.061109
Methods 2.518621 1.505403 —-1.67 0.155 —6.388382 1.35114
Nom 2.980012 1.666616 1.79 0.134 —1.304160 7.264184
Cons 1.216123 1.185572 -1.03 0.352 —4.263733 1.831489

Only two studies reported the long-term mortality of SAP
patients.15 1626 Als0, rarely study focused on the recovery of
pancreatic function and the cost-efficiency ratio.*

A total of 17 studies and 19 comparisons were included
in our study. The analysis showed that BP reduced the short-
term mortality of SAP patients compared with those treated
with standard treatment. The subgroup analysis suggested
that HVHF, but not other BP methods (ie, plasma exchange,
normal or low-volume hemofiltration), had beneficial effects
on SAP patients. Different conclusions were drawn from
prospective and retrospective studies because all retrospec-
tive investigations adopted normal or low-volume CVVH,
which was consistent with the results of the HVHF and non-
HVHF subgroups. Moreover, there was diffidence between

long-term and short-tern mortality of SAP patients, probably
because severe complications that contribute to mortality,
such as duodenal fistula and malignant malnutrition, often
occur in the late period of SAP, while BP was usually used
for patients at the early stage. The sensitivity analysis showed
that the studies by Alekasandrova et al and Abe et al were
the major source of heterogeneity and publication bias. The
study by Alekasandrova et al did not mention whether the
enrolled patients had chronic diseases. Also, they defined
HVHF as >30 mL/kg/h, which was different from other
studies (>40 mL/kg/h). In the study by Abe et al, the control
group was admitted to the hospital before 1996, while the
study group was admitted after 1996. Also, they did not pro-
vide detailed information on BP.
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Our analysis also showed that HVHF had a beneficial
effect on the incidence of complications in SAP patients.
Four hypotheses may explain the therapeutic mechanisms of
HVHF for SAP: the peak concentration hypothesis proposed
by Ronco et al,® the threshold immunomodulation hypothesis
(also known as the Honoré concept),36 the mediator delivery
hypothesis (also known as the Alexander concept),37 and the
regulation of HLA-DR expression in monocytes hypothesis
proposed by Peng et al*>*° The major complications reported
in these studies were pancreatic abscess and infection of pan-
creatic pseudocyst, which were consistent with Peng's hy-
pothesis that HVHF can upregulate HLA-DR and promote its
function in monocytes, thereby preventing the occurrence of
severe compensatory anti-inflammatory response syndrome,

immune-paralysis, or secondary infection. However, the ex-
planation is not convincing enough. In the IVOIRE trial,*’
HVHF showed no benefit on survival rate in sepsis shock pa-
tients, which suggests further study is needed to understand
HVHF’s effect on reducing the short-term mortality in SAP
patients.

The heterogeneity of length of stay and cost of hospital-
ization was high. Meta-regression analysis was performed
to determine the source of heterogeneity. Because early
fluid resuscitation is an important treatment strategy that
reduces the incidence of MODS and mortality. It was pro-
posed by international Surviving sepsis campaign (SSC) in
2004 and then recommend in China.*' The main difference
across studies was the types of BP. And study sample is an
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important factor contributed to test power, so we analyzed
the BP methods, study duration, county, and sample using
the meta-regression approach. None of them was the source
of heterogeneity.

There are some limitations in the present study. Firstly,
not all studies were randomized clinical trials, especially
high-quality ones, which might affect the pooled results of
the study. Secondly, BP methods, patient population, initial
time of treatment, and anticoagulation methods were lacking
or varied across studies, which may lead to heterogeneity in
the analysis. Some studies did not report these characteris-
tics. Finally, some articles did not report the results following
the CONSORT or STROBE, which might also cause bias.

5 | CONCLUSION

This study demonstrated that HVHF might reduce the short-
term mortality (<4 weeks) of SAP patients by decreasing the
incidence of infection. By contrast, other BP types did not
show a survival benefit for SAP. On the other hand, HVHF
did not affect the duration of hospital stay, cost of hospitali-
zation, or incidence of MODS. To meet the lowest power of
the study (a = 0.05, g = 0.8), the sample size in each group
should be higher than 380. Therefore, a large-scale, rand-
omized, blinded, multi-center study is needed to evaluate the
efficacy and safety of blood purification in SAP.
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