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Background: Polymyxin B hemoperfusion is a strategy to remove circulating endotoxin in patients with 
sepsis. Previous systematic reviews derived from randomized and non-randomized studies suggested that use 
of polymyxin B hemoperfusion reduced mortality, based on the pooled data from various time points in the 
clinical course of sepsis. We conducted a meta-analysis of randomized controlled trials to assess the impact of 
polymyxin B hemoperfusion specifically on 28-day mortality in patients with sepsis and septic shock. 
Methods: PubMed, EMBASE, and the Cochrane Central Register of Controlled Trials were searched for 
eligible trials from inception through July 30, 2017. All randomized controlled trials were eligible if they 
examined the impact of polymyxin B hemoperfusion on 28-day mortality in patients with sepsis and septic 
shock. Risk of bias was evaluated with the Cochrane risk of bias assessment tool. Data were pooled using the 
DerSimonian and Laird random-effects model. 
Results: Seven trials involving 586 participants were identified for the analysis. Use of polymyxin B 
hemoperfusion was not associated with a reduced risk of 28-day mortality [risk ratio (RR), 0.76; 95% CI, 
0.54–1.07] compared with usual care. One unpublished trial also showed no significant 28-day survival 
benefit. 
Conclusions: There is no evidence to support the use of polymyxin B hemoperfusion for patients with 
sepsis and septic shock with respect to 28-day mortality.
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Introduction

Sepsis remains common, placing substantial burdens on 
patients and society. Although the mortality of severe 
sepsis has decreased over the last two decades, the reported 
mortality remains as high at 29.2% (1). Sepsis survivors are 
at a greater risk of recurrent infection, other morbidities, 
re-admission, and long-term mortality (2-6), and they tend 
to have impaired quality of life (6). Economic burdens 

are also substantial: the total hospital costs alone due to 
severe sepsis have increased to $24.3 billion annually in the 
United States (7). Given that the basic treatment of sepsis 
has largely remained unchanged, more effective treatment 
options for sepsis are needed (8).

Endotoxin, also called lipopolysaccharide, is present 
on the outer membrane of gram-negative bacteria, and 
it initiates and mediates the host response in sepsis. 
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Polymyxin is a cyclic cationic polypeptide antibiotic with 
an ability to bind and neutralize endotoxin. Polymyxin B 
hemoperfusion is a strategy developed in Japan; polymyxin 
B is immobilized to polystyrene fibers in a hemoperfusion 
device and is thought to remove circulating endotoxin.

Previous systematic reviews have concluded that 
polymyxin B hemoperfusion was associated with a reduced 
risk of mortality (9-11). However, we suspect that two 
factors in these studies might have inflated the efficacy of 
polymyxin B hemoperfusion. First, some reviews pooled 
the data from both randomized, controlled studies and 
observational studies, thereby leaving some confounding 
factors uncontrolled. Second, one review pooled the 
mortality data from various time points in the clinical 
course of sepsis. It is known that short-term mortality 
increases with time, while later mortality is confounded by 
events unrelated to sepsis (12). Many of the original studies 
of polymyxin B hemoperfusion reported on mortality from 
14 to 60 days, with the others from non-specified time 
points. However, a major and clinically important endpoint 
in sepsis research is 28-day mortality (12). We hypothesized 
that the efficacy of polymyxin B hemoperfusion on  
28-day mortality is different from that available from 
previous systematic reviews. 

Consequently, we conducted a meta-analysis of 
randomized, controlled trials to specifically assess the  
28-day mortality benefit of polymyxin B hemoperfusion in 
patients with sepsis and septic shock, in comparison with 
usual care.

Methods

We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement for 
reporting systematic reviews (13). The protocol was 
registered at PROSPERO (CRD42016049581). We 
searched PubMed, EMBASE, the Cochrane Central 
Register of Controlled Trials, CINAHL, and Igaku Chuo 
Zasshi (the largest Japanese database that includes literature 
and conference proceedings published in Japanese). 
Google Scholar was searched for studies that cited included 
trials, and the references of these trials were reviewed for 
potentially relevant articles. Toray Medical Co., Ltd that 
markets polymyxin B hemoperfusion was also contacted 
and asked for randomized controlled trials that tested the 
efficacy of polymyxin B hemoperfusion in patients with 
sepsis and septic shock. The search strategy is listed in  
Table 1. There were no restrictions on language or 

Table 1 Search strategy

#1. Sepsis

#2. Septic shock

#3. Septicaemia OR septicemia

#4. Bacteremia OR bacteraemia

#5. Bacterial

#6. Endotoxic* 

#7. Endotoxemia OR endotoxemia

#8. Endotoxin*

#9. Blood stream infection

#10. Toxic shock

#11. Severe sepsis

#12. Sepsis syndrome

#13. Shock septic

#14. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 
OR #10 OR #11 OR #12 OR #13

#15. Polymyxin B

#16. Polymyxin*

#17. Toraymyxin

#18. PMX

#19. PMX-20R

#20. Polymyxin B-hemoperfusion

#21. Polymyxin B-immobilized fiber column

#22. PMX-DHP

#23. PMX-HP

#24. Poly RX

#25. Aerosporin

#26. #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR 
#22 OR #23 OR #24 OR #25

#27. Randomized controlled trial [pt]

#28. Controlled clinical trial [pt]

#29. Randomized [tiab]

#30. Placebo [tiab]

#31. Drug therapy [sh]

#32. Randomly [tiab]

#33. Trial [tiab]

#34. Groups [tiab]

#35. Humans [mh]

#36. #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR 
#34 OR #35

#37. #14 AND #26 AND #35

PMX, polymyxin B hemoperfusion.
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publication status, and the search was updated on  
July 30, 2017. 

Parallel-group, randomized controlled trials that 
examined polymyxin B hemoperfusion in addition to usual 
care in patients with sepsis and septic shock were included. 
Trials that compared polymyxin B hemoperfusion and other 
hemofiltration therapy were excluded. The comparators 
were usual care of sepsis. A pair of the first author (AK) and 
another author (MK, SU, TT) independently reviewed the 
list of articles retrieved by the search strategy and selected 
potentially eligible articles.

The same two authors then extracted the data 
independently. The following information was extracted: (I) 
patient demographics (age and sex); (II) study characteristics 
(study sites); (III) information on interventions (number and 
duration of each polymyxin B hemoperfusion session); and 
(IV) outcomes of interest. The risk of bias was also assessed 
using the Cochrane risk of bias assessment tool (14). Any 
disagreements were resolved through consensus.

The primary outcomes were (I) 28-day mortality and (II) 
adverse events related to blood access and hemoperfusion. If 
the data on 28-day mortality were unavailable from a trial, 
the mortality data up to 30 days were pooled. The secondary 
outcomes included (I) ICU length of stay; (II) hospital 
length of stay; (III) duration of vasopressor requirement; 
(IV) any adverse events; and (V) costs. Dichotomous and 
continuous outcomes were combined using risk ratios 
(RRs) and weighted mean difference (WMD), respectively. 
Data were pooled using the DerSimonian and Laird 
random effects model, given the a priori known clinical 
heterogeneity among trials (15). Statistical heterogeneity 
was assessed visually with Galbraith plots (16) and 
statistically with the I2 and Q statistics (17). Prediction 
intervals provide a clear and appropriate treatment 
summary in future trials reflecting current estimates in  
meta-analyses (18). We also calculated a prediction interval 
for our meta-analysis of 28-day mortality. Publication 
bias or the small study effect was tested using Egger’s  
method (19). 

Subgroup analyses were conducted by severity (severe 
sepsis and/or septic shock), source of infection, the number 
and duration of polymyxin B hemoperfusion sessions, and 
the study site, and the differences between subgroups were 
examined using the test of interaction. Sensitivity analysis 
was performed by excluding trials of high or unclear risk 
of bias in sequence generation, allocation concealment, 
and blinding of outcome assessors. Sensitivity analysis 
by calculating odds ratio (OR) or risk difference (RD) of 

mortality was also conducted. Since the risk of inaccurate 
estimate is anticipated in a meta-analysis with a small 
number of studies using DerSimonian and Laird random-
effects model, we also conducted an analysis using Hartung-
Knapp-Sidik-Jonkman random-effects model as a sensitivity 
analysis (20). Meta-regression analysis was also performed 
by publication year, sample size, and the mortality of control 
groups as potential covariates. The threshold of statistical 
significance was set at P<0.05. All analyses were conducted 
using Stata SE, version 15.0 (Stata Corp., College Station, 
TX, USA). 

Results

The search yielded 2,643 articles. After application of 
the inclusion and exclusion criteria, we excluded 2,614 
studies mainly due to the study design or topics. One 
study that called itself randomized was excluded, because 
it was actually a historical control design (21). One study 
presented at an international conference was thereafter 
completed, and some latest data were obtained from the 
investigators (22). A total of 8 trials were thus eligible 
for our qualitative analysis. One large randomized trial 
that was completed but was excluded because the detailed 
information has not been published and therefore was not 
included in the quantitative analysis (23). We thus included 
7 trials involving 586 patients in our quantitative analysis 
(22,24-29) (Figure 1).

The sample size ranged from 35 to 232 (Table 2). The 
reported mean/median age of participants ranged from 
53.8 to 72 years, and 36.1% to 42.2%  were female. Three 
trials included patients with septic shock (25,27,28) and 
seven included severe sepsis/septic shock (22,24,26,29). 
The sources of infections were restricted to intra-
abdominal infections in three trials (24,27,29), while the 
other three included miscellaneous sources of infection. 
Five trials presented the severity using the APACHE (Acute 
Physiology and Chronic Health Evaluation) score, ranging 
from 17.7 to 25.0 (24-26,28,29).

Polymyxin B hemoperfusion was initiated within 
one day of the diagnosis of infection in six trials  
(22,24,26-29), with the remaining one starting within  
6 days of the diagnosis of sepsis (25). Five trials performed 
polymyxin B hemoperfusion for 2 hours (22,24,25,27,29), 
and the remaining two for 4 hours. The number of 
polymyxin B hemoperfusion sessions varied across studies; 
two and four trials performed sessions once (28,29) and 
twice (22,24,25,27), respectively; and the remaining one 



Kuriyama et al. Polymyxin B hemoperfusion in sepsis and septic shock

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2018;6(11):206atm.amegroups.com

Page 4 of 11

Figure 1 Study selection.

conducted polymyxin B hemoperfusion once or twice 
according the patient’s condition (26).

Risk of bias assessment

Three of seven trials (43%) each had adequate sequence 
generation and concealed allocation (Table 3) (24,27,29). 
Outcome assessors were considered to be adequately 
blinded in two trials (29%) (24,27). Four studies (57%) 
were at low risk of incomplete outcome data (22,24,27,29). 
One trial was deemed at high risk of bias, because of the 
imbalance in the characteristics of participants; fungi from 

surgical samples were more frequently detected in the 
polymyxin B hemoperfusion-treated group than in the 
control group (24% vs. 12%), thus rendering the polymyxin 
B hemoperfusion-treated group more susceptible to the risk 
of morbidity and mortality (27). Two trials clearly disclosed 
industry sponsorship (24,27).

Primary outcomes

A total of 7 trials  involving 527 patients were included for 
analysis (22,24-29). Use of polymyxin B hemoperfusion was 
not significantly associated with improved mortality (RR 

Records identified through database searching

(n= 2,643)

Additional records identified through other sources

(n=1)

Records screened

(n=2,644)

Records excluded after screening abstracts  

(n=2,614)

Full-text articles assessed for eligibility 

(n=30)

Studies included in qualitative synthesis 

(n=8)

Unpublished study without details (n=1)

Studies included in quantitative synthesis (n=7)

Full text articles excluded (n=22)

Reasons for exclusion

No mortality outcome reported (n= 6)

Mortality at non-specified time points (n= 3)

Mortality at 14 days (n=1)

Mortality at 60 days (n=1)

Observational studies (n=4)

Case series (n=3)

Duplicate articles in other languages (n=2)

Cost-effectiveness study (n=1)

Historical-controlled study (n=1)
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0.76; 95% CI, 0.54–1.07; P=0.112; df =6; I2=66.7%), with a 
prediction interval of (95% CI, 0.28–2.09) (Figure 2). There 
was no evidence of publication bias (P=0.79).

A total of 5 trials reported adverse events related to use 
of polymyxin B hemoperfusion. Nemoto et al. and Suzuki  
et al. both reported no serious adverse events related to 
use of polymyxin B hemoperfusion (26,28). Vincent et al. 
reported one episode of fever related to the device (29). 
Cruz et al. reported cartridge clotting in 4 patients (6%), 
followed by hypotension in 1 patient (1.5%) and tachycardia 
in 2 (3%) (24). Payen et al. reported severe adverse events 
in the polymyxin B hemoperfusion-treated group, including 
hemorrhagic episodes in 4 patients (3.4%) (27).

Secondary outcomes

Three trials involving 331 patients were included for 
analysis of ICU length of stay (24,27,29). Use of polymyxin 
B hemoperfusion was not associated with shorter length 
of ICU stay (WMD 2.52 days; 95% CI, −6.29 to 11.34; 
P=0.58; df =2; I2=82.2%). 

Only one trial involving 64 patients was available for 
analysis of length of hospital stay (24). Use of polymyxin B 
hemoperfusion was not associated with shorter length of 
hospital stay.

Two trials involving 267 patients reported on patients 
experiencing at least one adverse event in each group (27,29). 

Use of polymyxin B hemoperfusion was not associated with 
the occurrence of at least one adverse event (RR 1.07; 95% 
CI, 0.92–1.24; P=0.53). 

No trials reported on the duration that catecholamine 
was required and cost for the polymyxin B hemoperfusion-
treated and control groups. Payen et al. reported that the 
number of days without catecholamine was similar between 
the polymyxin B hemoperfusion-treated and control groups 
during the first 7 days (27). 

Subgroup analyses

There were no significant differences in mortality between 
the subgroups by severity (P=0.70), source of infection 
(P=0.33), number of polymyxin B hemoperfusion sessions 
(P=0.13), or duration of each polymyxin B hemoperfusion 
session (P=0.21) (Table 4). Subgroup analysis by region 
found that, although barely non-significant, the studies 
from Japan showed a larger efficacy of polymyxin B 
hemoperfusion in comparison with that from other regions.

Sensitivity analysis

Mortality was reported in a sufficient number of trials 
to conduct sensitivity analyses. Sensitivity analyses 
with trials at low risk of bias in sequence generation, 
allocation concealment, blinding of outcome assessors, and 

Figure 2 Relative risk of 28-day mortality between polymyxin B hemoperfusion and control.
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incomplete outcome reporting showed results consistent 
with the primary analysis (Table 5). Sensitivity analysis 
with two trials that had disclosed industry sponsorship also 
provided a consistent finding (Table 5). Sensitivity analyses 
also suggested that use of polymyxin B hemoperfusion 
was not associated with a reduced risk of mortality when 
summarized in OR (OR 0.50; 95% CI, 0.22–1.14; P=0.099; 
df =6; I2=76.4%) or RD (RD −0.16; −0.34 to 0.02; P=0.088; 
df =6; I2=81.4%). The analysis using the Hartung-Knapp-
Sidik-Jonkman random-effects model also yielded a result 
similar to the primary analysis (RR 0.76; 95% CI, 0.52–1.10; 
P=0.15). 

Meta-regression analysis

Meta-regression analysis of mortality was conducted to 
examine the association between effect size and some 
covariates (Table 6). Mortality tended to decrease in recent 

trials (regression coefficient 0.05; 95% CI, 0.06–0.09; 
P=0.033). Although not significant, mortality tended to 
decrease with an increased risk of mortality in the control 
group (P=0.066).

Discussion

The present analysis suggests that there was a non-
significant tendency to favor polymyxin B hemoperfusion 
in terms of 28-day mortality in patients with severe 
sepsis and septic shock. However, the wide confidential 
interval for the efficacy of polymyxin B hemoperfusion on  
28-day mortality suggests that polymyxin B hemoperfusion 
can have not only a non-significant beneficial effect but 
also a harmful effect on 28-day mortality. Our analysis 
using the prediction interval suggests that polymyxin B 
hemoperfusion can either be beneficial or harmful with 
respect to 28-day mortality in future trials. Further, few 

Table 4 Summary of subgroup analyses 

Subgroup No. of trials
Total sample 

size
Risk ratio  
(95% CI)

Heterogeneity Test of interaction 
(P value)Q df I2, % P value for I2

Severity 0.70

Septic shock 3 330 0.67 (0.29–1.54) 12.76 2 84.3 0.002

Severe sepsis/septic 
shock

4 256 0.79 (0.57–1.09) 5.21 3 42.4 0.157

Source of infection 0.33

Miscellaneous 4 255 0.66 (0.44–0.99) 9.24 3 67.5 0.026

Abdominal infection 3 331 0.98 (0.54–1.78) 4.89 2 59.6 0.087

Duration of each polymyxin 
B hemoperfusion session

0.21

2 hours 5 440 0.91 (0.61–1.35) 9.43 4 57.6 0.051

4 hours 2 146 0.52 (0.27–1.00) 3.13 1 68.1 0.077

Number of polymyxin B 
hemoperfusion sessions

0.13

Once 2 83 0.56 (0.18–1.72) 3.15 1 68.2 0.076

Once or twice 1 98 0.67 (0.52–0.85) 0.00 0 NA NA

Twice 4 405 0.89 (0.57–1.40) 9.37 3 68.0 0.025

Regions where a trial was 
conducted

0.06

Japan 3 196 0.57 (0.41–0.87) 3.22 2 44 0.20

Non-Japanese nations 4 390 1.05 (0.71–1.53) 5.11 3 58 0.165

NA, not applicable.
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of the included trials are considered at low risk of bias. 
Our sensitivity analyses based on few such trials or other 
analyses were consistent with the primary analysis, thereby 
confirming the robustness of our primary finding. With all 
such evidence, there is no argument to support the use of 
polymyxin B hemoperfusion in patients with severe sepsis 
and septic shock, unlike previous reviews that favor the use 
of polymyxin B hemoperfusion.

Three systematic reviews and a meta-analysis have 
concluded that use of polymyxin B hemoperfusion was 
associated with reduced risk of mortality (9-11). However, 
there are substantial differences in the study design 
between those studies and the present analysis. Cruz  
et al. conducted a meta-analysis of randomized, controlled 
trials as subgroup analysis in 2007 (10). They pooled the 
data from different time points (14, 28, 30, and 60 days), 
resulting in substantial clinical heterogeneity. Mitaka et al. 
and Chang et al. performed a systematic review of studies 
that examined the benefits of polymyxin B hemoperfusion 
in 2011 and 2017, respectively (9,11). They pooled the data 
of 28-day mortality from both randomized, controlled trials 
and observational studies. The Cochrane Collaboration, 
however, does not recommend pooling randomized and 
non-randomized studies, because unpredictable effects 
of uncontrolled confounders in non-randomized studies 
and both methodological and clinical heterogeneity are 

anticipated (14). In contrast, in the present study, data 
on 28-day mortality were pooled only from randomized, 
controlled trials to minimize the impact of uncontrolled 
bias and to strictly examine the efficacy of polymyxin B 
hemoperfusion on 28-day mortality. As stated previously, an 
inflated summary effect of polymyxin B hemoperfusion in 
previous studies might have derived from pooling data from 
different time points in the clinical course of sepsis or from 
uncontrolled confounding factors. 

Our finding on 28-mortality had a substantial statistical 
heterogeneity (I2=66.7%). We thus conducted subgroup 
and meta-regression analyses to investigate the cause of 
this heterogeneity. Our subgroup found that, while severity 
of sepsis, source of infection, or duration and number 
of polymyxin B hemoperfusion session might not be the 
cause of the heterogeneity, studies from Japan showed a 
larger efficacy of polymyxin B hemoperfusion. Our meta-
regression analyses found that the efficacy of polymyxin B 
hemoperfusion became smaller in recent trials. 

We included only seven studies and the findings of 
our meta-regression may have been susceptible to outlier 
studies. However, our meta-regression analyses were 
conducted based to on three hypotheses. First, it has been 
reported that most large treatment effects emerge from 
small-sized studies (30,31). Our analysis did not show this 
tendency. Second, it is known that mortality has declined 
in patients with sepsis enrolled in usual care arms of 
multicenter, randomized trials over the last two decades 
due to improved processes of sepsis care (1). Our meta-
regression showed a significant tendency for a smaller 
effect size of polymyxin B hemoperfusion associated with 
recent trials (P=0.033). We suspected that the merit of 
adding polymyxin B hemoperfusion to usual care might be 
smaller in recent years, because the sepsis care might have 
improved with time, leading to the decreased mortality. 

Table 5 Sensitivity analysis of mortality by risk of bias and industry sponsorship

Risk of bias No. of trials Total sample size Risk ratio (95% CI)
Heterogeneity

Q df I2, % P value for I2

Low risk in sequence generation 3 331 0.98 (0.54–1.77) 4.89 2 59.1 0.087

Low risk in allocation concealment 3 331 0.98 (0.54–1.77) 4.89 2 59.1 0.087

Low risk in blinding of outcome assessors 2 296 0.95 (0.41–2.19) 4.88 1 79.5 0.027

Low risk in incomplete outcome reporting 4 390 1.05 (0.71–1.53) 5.10 3 41.1 0.165

Presence of industry sponsorship 2 296 0.95 (0.41–2.19) 4.88 1 79.5 0.027

Table 6 Meta-regression analysis of mortality

Variables Regression coefficient (95% CI) P value

Sample size of a trial 0.004 (−0.002 to 0.010) 0.149

Publication year 0.05 (0.06 to 0.09) 0.033

Mortality rate of 
control groups

−1.29 ( −2.70 to 0.13) 0.066
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Third, the severity of patients in original studies might have 
differed across studies. There was no uniform reporting of 
severity across studies, and mortality in the control groups 
was used as a covariate. Our meta-regression showed an 
insignificant tendency for a greater effect size of polymyxin 
B hemoperfusion to be associated with greater mortality 
in the control groups (P=0.066). The merit of adding 
polymyxin B hemoperfusion to usual care in severe patients 
is not demonstrated.

Recently, one randomized trial has assessed the efficacy 
of polymyxin B hemoperfusion in septic patients. The 
large trial termed “Evaluating the Use of Polymyxin 
B Hemoperfusion in a Randomized controlled trial 
of Adults Treated for Endotoxemia and Septic shock 
(EUPHRATES)” has been completed (32). This study was 
conducted in 50 ICUs in the United States and Canada. 
Included patients were required to have persistent septic 
shock despite adequate fluid resuscitation who were on 
vasopressors for more than 2 and less than 30 h, and to have 
an endotoxin activity assay (EAA) ≥0.60. The patients were 
then randomized to receive treatment with two sessions 
of polymyxin B hemoperfusion or sham hemoperfusion. 
Their inclusion criteria were revised, and some patients 
were excluded after the interim analysis found no benefit 
of polymyxin B hemoperfusion according to the initial 
protocol. This trial finally included 460 patients. Although 
the detailed information has not been officially published, 
the press release on May 30, 2017 announced that the 
trial showed a non-statistically significant reduction in 
28-day mortality of less than 5% in the per protocol  
population (23).  The sample size enrolled in the 
EUPHRATES study (n=460) is comparable to 78% of that 
included in the present analysis (n=587), suggesting that 
the impact of the EUPHRATES study is comparable to the 
present study finding. Thus, there might be no significant 
28-day mortality benefit with the use of polymyxin B 
hemoperfusion, which is consistent with the present study 
finding.

The present study has some strengths. First, an 
extensive search for relevant studies was conducted by 
including the Japanese database. Although only one 
relevant new trial since the publication of the two previous 
reviews was included, the relevant company was contacted 
to ensure that the search was exhaustive. This might have 
made the search comprehensive. Second, subgroup and 
meta-regression analyses were adequately performed. 
Specifically, subgroup and meta-regression analyses could 

partly explain the source of substantial heterogeneity in 
mortality and provide clinically important explanations. 
Third, the focus was on patient-oriented outcomes in 
the present study, as recommended by the Cochrane 
Collaboration. Previous systematic reviews focused on 
transient physiological parameters, such as mean arterial 
pressure and the Sequential Organ Failure Assessment 
score, and laboratory outcomes including endotoxin levels, 
which are surrogate markers of sepsis. In the present study, 
the outcomes examined were ICU and hospital lengths 
of stay, as well as mortality. These outcomes should be 
clinically more important to patients and healthcare 
professionals.

The present study also has some limitations. First, the 
included trials differed in terms of sample size, disease 
severity, source of infection, and durations and sessions of 
polymyxin B hemoperfusion. Primary outcome analysis of 
mortality showed high levels of statistical heterogeneity, but 
meta-regression analysis suggested that this heterogeneity 
was due to the publication years. Second, adverse effects, 
which are of crucial relevance to critically ill patients, 
were not examined in detail. The Consolidated Standards 
of Reporting Trials (CONSORT) statement requires 
that trial investigators report “harms” associated with  
interventions (33). All included trials were published after 
enactment of the CONSORT statement, but five trials 
focused only on ‘severe’ adverse events, with two reporting 
at least one adverse event. As seen in research of other areas 
(34-37), harms associated with polymyxin B hemoperfusion 
are under-reported. This would further l imit the 
applicability of polymyxin B hemoperfusion in patients 
with severe sepsis and septic shock. Third, the number of 
included trials was smaller than that in previous systematic 
reviews, despite the comprehensive search. However, it was 
possible to strictly examine 28-day mortality, which made 
the analysis more directly and clinically relevant to clinical 
practice.

Conclusions

There is no evidence to support the use of polymyxin B 
hemoperfusion in patients with sepsis and septic shock with 
respect to 28-day mortality.
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