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Objectives: Although blood purification improves outcomes in ani-

mal studies of sepsis， results of clinical trials have been mixed. We 
conducted a systematic review and meta-analysis of randomized 

trials to determine the association between various blood purifi-

cation techniques and all-cause mortality in humans with sepsis. 

Data SOUl慨s:We searched for relevant studies in MEDLlNE， 
EMBASE， and the Cochrane Library database from January 1966 

to May 2012. 

Study Selection: Inclusion required a diagnosis of sepsis and 

comparison of blood purification techniques including hemofiltra-

tion， hemoperfusion， plasma exchange， or hemodialysis with no 
blood purification (control group). 

Data Extraction: Two authors independently selected studies 

and extracted data. Summary statistics， risk ratios， and Cls were 
calculated using random-effects modeling. Study quality was 

assessed using Jadad score， and publication bias was assessed 
using funnel plots and Egger's statistic. 

Data Synthesis: Overall， blood purification decreased mortality 
compared with no blood purific剖ion(35.7% vs 50.1偽;risk ratio， 
0.69 [95% CI， 0.56-0.84]; P < 0.001; 16 trials， n = 827). How-
ever， these results were driven mainly by hemoperfusion (risk ratio， 
0.63 [95% CI， 0.50-0.80]; P < 0.001; 10 trials， n = 557) and 
plasma exchange (risk ratio， 0.63 [95% CI， 0.42ー0.96];p= 0.03; 
two trials， n = 128). Pooling of all trials of blood purification for 
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treatment of sepsis was no longer associated with lower mortality 

(risk ratio， 0.89 [95% CI， 0.71-1.13]; P = 0.36; eight trials， n = 
457) after excluding trials using polymyxin B hemope丙usion.

Conclusions: Blood purification techniques including hemoperfu・

sion， plasma exchange， and hemofiltration with hemoperfusion 
were associated with lower mortality in patients with sepsis. 

These results were mainly influenced by studies using polymyxin 

B hemoperfusion from Japan. (Crit Care Med 2013; 41 :00-00) 

Key Wonls: blood purification; cytokines; inflammation; meta-

analysis; mortality; sepsis 
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50% (υ1， 2). Wi白血erecent removal of Xigris， the only Food 
and Drug Administration approved treatment for sepsis， from 
the market due to failure to show a survival benefit for patients 

with septic shock (3)， the medical community is urgently seek-
ing a possible therapy. Source control and antibiotics remain 

the mainstays of therapy for infection (4)， but no specific treat-
ment is available for sepsis. Observations over more than 20 

years have suggested a role for extracorporeal blood purifica-

tion. However， no definitive trials have been published to date. 
Sepsis involves complex interactions between endothelial 

cells， platelets， leukocytes， coagulation system， and multiple 
pro-and anti-inflammatory mediators and often results in 

multiple-organ dysfunction s戸ldromeleading to death (5， 6). 
Because there are correlations between high concentrations 

of circulating inflammatory cytokines for patients with sepsis 

or septic shock (7-9) and because mortality is highest when 

both pro-and anti-inflammatory cytokine levels are high (7)， 
extracorporeal blood purification is used by some centers 

in order to modulate the irnmune response. Unlike drugs 

targeting specific mediators， blood purification can influence 
a wide range of molecules. 

Blood puri且cationfor sepsis has consisted of various tech-

niques including high volume hemo白ltration，high adsorption 
hemofiltration， high cut-off membrane hemofiltration， plasma 

exchange， and hybrid systems such as coupled plasma filtration 
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adso1'ption. Recently， the spect1'um of techniques available fo1' 
blood pu1'ification has been broadened further with techno-

logica.l advances particularly in the a1'ea of hemope1'fusion. 

However， the use of blood purification is controversial， and 

results vary among studies (9-17). No systematic reviews have 

pooled the available evidence from va1'ious types ofblood puri-

fication compared with conventional therapy. Therefore we 

pe1'formed a systematic review and meta-analysis to attempt to 

dete1'mine whethe1' blood pu1'ification decreases mortality in 

patients with sepsis so as to guide further 1'esea1'ch in this area. 

MATERIALS AND METHODS 

Selection of Studies 

We 1'eviewed MEDLINE and EMBASE citations between Janu-

a1'y 1， 1966， and May 1，2012， and the Cochrane Cent1'al Regis-
ter of Controlled Trials Lib1'ary database through May 1，2012. 
Search was performed using medical subject heading terms 

and text words with Boolean strategy， and cross-searching of 
the following three categories: 1) modality of blood purifica-

tion (“hemofiltration;'“renal replacement therapy，"“blood 
purification，"“dialysis，"“hemoperfusion;'“hemoadsorption，" 
“plasmafiltration;' or “plasma exchange"); 2) disease (“sepsis，" 
“iぱection，"“septicshock;'“systemic inflammatory response 
syndrome，" "SIRS;'“multiple organ dysfunction syndrome;' 

or“MODS"); and 3) others related (“outcome;'“intensive care 
unit;'“ICU;'“critically出 patients;'“mortality;'or "progno-
sis"). The limits we1'e“human" and "English" language. We lim-

ited article types to randomized controlled trials， and because 
sepsis in children is di百erentin terms of infectious etiology 
and host response， we only included adults of age more than 
18 years . The bibliographies of all relevant studies and recent 

1'eview articles were scanned to identify additional citations. 

We categorized trials according to the type of blood purifi-

cation technique used. Studies using continuous or intermit-

tent venovenous hemofiltration， regardless of filtration rate， 
duration， and frequency， were classified as “hemofiltrationプ
Trials of a blood purification technique in which a sorbent 

is placed in di1'ect contact with blood in an ext1'acorporeal 

circuit were considered to be "hemoperfusion;' and trials 

that removed and replaced plasma were grouped as“plasma 

exchange." Conventional t1'eatment was defi.ned as the ordinary 
therapy (including fluid resuscitation， nutrition support， anti-
biotic therapy， and other organ support in the ICU) but with 
no forms of ex仕aco1'porealt1'eatment. 

Quality Assessment 

We assessed quality of each study included in由emeta-analysis 

using the Jadad score (18)， which assesses the conduct of ran-
domization， concealment of treatment allocation， similarity of 
t1'eatment groups at baseline， clinician blinding， and the desc1'ip-
tion of withdrawals and dropouts. The Jadad score ranges from 
1 (poor) to 5 (excellent) where 1'andomized controlled trial 

quality is high when sco1'es are greate1' than or equal to 3. The 

Jadad/Oxford quality scales require a double-blinded placebo 

for two of the five points. Due to the nature of the intervention 
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and logistic reasons， none of the studies reported double blind-
ing. Thus， we used “investigator blinding" for assessment of 
quality of studies included in this meta-analysis (18). 

Data Abstraction and Clinical Outcome 

Study selection and data abstraction we1'e performed indepen-

dently by two reviewers (F.Z.，Z.P.) according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 

statement (19)， and any discrepancies between the two review-
e1's were resolved by consensus. For each study， raw data 
were extracted using a standard form， which included the 
first author， study design， year of publication， total number 
of patients， patient characteristics， details regarding the out-
comes， and types of sepsis. In addition， we also assessed the 
modality of blood purification， as well as the comparisons or 
related description of primary outcome between blood purifi-
cation and conventional treatment， such as mortality or physi-
ologic variables. The main endpoint was mortality as defined 

in the individual trials. If mortality was assessed at several time 

points in a study， we used data from the latest follow-up time 
for overall mortality assessment. 

StatistiωI Analysis 
For each trial， we derived the risk ratios (RRs) and 95% CIs of 
reported mortality in patients assigned to blood purification 

versus controls. Statistical heterogeneity among trials included 

in the meta-analysis was assessed and quantified using the 

P statistic， which estimates the percentage of total variation 
across studies due to heterogeneity rather than chance (20). 

Because the random e百ectsmodel incorporates statistical het-

erogeneity and provides a more conservative estimate of出e

pooled effect size compared with the fixed model， we present 
the resul ts of all ana恥esaccording to a random e百ectsmodel 
using the method of DerSimonian and Laird that considers 

both within-study and between-study variations (21). 

To further ascertain what factors may have influenced treat-

ment e百ects，we performed a variety of sensitivity analyses to 
determine the RR of death within particular groups: mean 

patient age注60years versus age < 60 years; APACHE score ~ 
28 versus < 28; sepsis， severe sepsis versus septic shock; pub-
lication year注2005versus < 2005; Jadad scoreミ3versus < 
3. We assessed publication bias by evaluating the funnel plots 

(i.e.， plots of study results against precision) and with Egger's 
statistic (22). Egger statistical analyses were performed using 
Stata version 10.0 (StataCorp， College Station， TX). Two-tailed 
p values less than 0.05 were considered statistically significant. 
All other statistical analyses were performed using Review 

Manager， version 5.1.2 (RevMan， The Cochrane Collaboration， 
Oxford， United Kingdom). 

RESULTS 

Selection and Characteristics of Trials 

Our initial search yielded 1，717 studies (Fig. 1). After exclud-
ing 128 studies due to duplicate publication， we considered the 
abstracts of 1，589 studies. After evaluating the abstract of each 
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128 Excludell (dupl1cate studies) 

diagnosis of sepsis. One仕ial

included patients with sepsis， 
severe sepsis， or septic shock 
(Table 1). The blood purifica-

tion techniques used included 

hemoperfusion (10 trials)， 
hemofiltration (four trials)， 
and plasma exchange (two tri-

als; Table 2). Six trials included 

in our analysis reported the 

results of 28-day mortality， 
and four trials reported results 

of hospital mortality. Two仕1-
als reported 28-day hospital 

and/or ICU mortality， and one 
trial reported 14-day mortality. 
There still had three甘ialsin 

which mortality was reported 

but length of follow-up was 

not clearly stated (Table 2). All 

studies evaluated the effects 
between blood purification 

and conventional treatment in 

patients with sepsis using some 

primary clinical outcome such 

as survival， hemodynam-
ics， or change in organ func-
tion (APACHE 11/111 score/ 

Simplified Acute Physiology 

Score II /Sequential Organ 
Failure Assessment score; 

Table 2). 

1589 Potentially relevallt ar1icles scr'eened based 011 ahstr-acts 

1553 Exdudcd 
872 Studied other treatment 
521 Patients had ot.her diagnoses 
160 No relcvant events data 

36 Full-tcxt al'ticlcs selcctcd fol'仇.111l'c，'icw 

20 Excluded 

15 No comparison between blood purification 
剖ldconventionaJ treatment 
3 No patients with sepsis 
2 No survival compa出 011betweel1 blood 
pUlitication and convent.iollal t.l'eat.mellt 

16 Studies included ill tlle meta-analysis 

Figure 1. Ouorum chart of study cohort. 

study， 1，553 studies were excluded as they did not meet由e
inclusion criteria. Subsequentlゎwecarefully read the full text 
of each of the remaining 36 trials and excluded 20 trials: as they 

did not report comparison between blood purification and 
conventional treatment (n = 15)， enrolled patients without a 
diagnosis of sepsis (n = 3)， or did not report mortality (n = 2). 
Table 1 shows the characteristics of randornized trials. Ten sin-

gle-center (9， 17，23-30) and six multicenter studies (31-36) were 
identified. These trials were reported between 1999 and 2010. The 

coun町 oforigin in six studies is Japan (25-27，29，30，36)， all of 
which閃portedon hemoperfusion (Tables 1 and 2). The mean age 

of the study participants ranged仕om33 to 75 years; 637 (77%) 

patients were admitted ω出eICU (17， 24， 25， 27-29， 31-35); 
and the mean Acute Physiology and Chronic Health Evaluation 

(APACHE) II score was 24.2 (9， 17， 23， 25-31， 33-36). Patients 
wl出 sepsis，severe sepsis， or septic shock were diagnosed mainly 
according to the Arnerican College of Chest Physicians/Society of 
Critical Care Medicine Consensus Conference criteria (37). 
Ten trials reported patients with either severe sepsis or 

septic shock， whereas five trials reported only patients with a 

Critical Care Medicine 

Association of Blood 

Purification With Mo此剖i句

Overall mortality in 16 trials 

was 42.7%. Of the blood purification group， 35.7% of patients 
died compared with 50.1% in the conventional treatment 

group. Overall， blood purification techniques decreased mor-
tality in patients with sepsis， severe sepsis， or septic shock (RR， 
0.69 [95% CI， 0.56-0.84]; p < 0.001)， including 28-day mor-
tality (RR， 0.80 [95% CI， 0.6ι0.99]; P = 0.04) and hospital 
mortality (RR， 0.57 [95% CI， 0.4←0.75]; p < 0.001) (Fig.2). 
No significant heterogeneity was found (χ2 = 20.54， df = 15， P 
= 0.15; F = 27%; Fig. 2). 

Association of Blood Purification Modality With 

Mortality 

We found that hemoperfusion (RR， 0.63 [95% CI， 0.50-0.80]; 
p < 0.001; 10 trials， n = 557; heterogeneity，p = 0.15) or plasma 
exchange (RR， 0.63 [95% CI， 0.42-0.96]; P = 0.03; two tri-
als， n = 128; heterogeneity， p = 0.80) decreased mortality in 
patients with sepsis. However， we could not find a similar effect 
with hemofiltration alone (RR， 1.13 [95% CI， 0.75-1.71]; P = 
0.56; four trials， n = 142; heterogeneity， p = 0.74; Fig. 3A). We 
also found that hemoperfusion wi由 polymyxinB (PMX-B) 
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TABLE 1. Baseline Characteristics of Selected Trials of Blood Purification in Sepsis 

l ……f||  Count No.of Mean SAPS 111 Jadad 
Source 0 rI In Patlen匂Age(yr) Male (粉[-r:::till4 :r.~∞re Diagnosis Score I 

Huang 
et al (23) 

Peng 
et al(9) 

Cruz 
et al(31) 

Payen 
et al(32) 

Peng 
et al(24) 

Vincent 
et al(33) 

Reinhart 
et al(34) 

Nakamura 
et al(25) 

Nakamura 
et al(26) 

Nakamura 
et al(27) 

Busund 
et al(28) 

Nalくamura
et al(29) 

Cole 
et al(17) 

Nemoto 
et al(30) 

Reeves 
et al(35) 

Nakamura 
et al(36) 

China 44 74.9 

China 22 53.4 

Italy 64 64 

France 76 58.1 

China 20 33.2 

Belgium 35 57.5 

Germany 143 61.2 

Japan 25 60 

Japan 20 63.7 

Japan 60 55.5 

No川町 106 44 

Japan 18 40 

Australia 24 66目8

Japan 98 62 

Australia 22 59.4 

Japan 50 53.8 

45.5 S 

59.1 S 

65.5 M 

74.4 M 

95 S 

63 M 

62.2 M 

75 S 

60 S 

66.7 S 

56.6 S 

66.7 S 

58.3 S 

61.2 S 

63.6 M 

60 M 

APACHE 11: 28.8; 
SOFA: 7.6 

APACHE 11:18.6 

APACHE 11: 20.5; 
SOFA: 10 

SAPS 11: 53.4; 
SOFA:11 

N/A 

APACHE 11: 17.7; 
SOFA:10.1 

APACHE 11:28; 
SOFA:11.8 

APACHE 11:28.2 

APACHE 11:27.3 

APACHE 11:23.5 

APACHE 111: 54.9 

APACHE 11: 28 

APACHE 11: 22; 
SAPS 11: 45 

APACHE 11: 22.5 

APACHE 11: 25.2 

APACHE 11: 24.8 

Severe sepsis or 2 
septic shockb 

Severe sepsisb 2 

Severe sepsis or 5 
septic shockb 

Severe sepsis or 2 
septic shockb 

Sepsisb 

Severe sepsis or 4 
septic shockb 

Severe sepsis or 4 
septic shockb 

Severe sepsisb 3 

Sepsisb 2 

Sepsisb 4 

Severe sepsis or 2 
septic shockb 

Sepsisb 3 

Septic shock or 5 
septic organ 
dysfundionb 

Sepsis， severe 2 
sepsls or 
septic shockb 

Sepsisc 2 

Septic shockc 

APACH E = Acute Physiology and Chronic Health Evaluation， SAPS = Simplified Acute Physiology Score， SOFA = Sequential Organ Failure Assessment， 
S = single-center trial， M = multicenter trial， NA = not applicable. 
aJadad score was calculated using investigator blinding in place of double-blind design. 
bPatients were diagnosed according to the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference criteria. 
cpatients were diagnosed according to the other criteria. 

decreased mortality in patients with sepsis (RR， 0.57 [95% 
CI， 0.45-0.72]; P < 0.001; eight trials， n = 370; heterogeneity， 
p = 0.32)， whereas hemoperfusion without PMX-B (RR， 0.98 
[95% CI， 0.66-1.47]; P = 0.94; two廿ials，n = 187; heterogene-
ity， P = 0.44) or pooling all blood purification studies without 
PMX-B (RR， 0.89 [95% CI， 0.71-1.13]; P = 0.36; eight trials， 
n = 457; heterogeneity， p = 0.55) did not (Fig. 3B). When com-
bined with hemoperfusion， hemofiltration was associated with 
greater benefit (RR， 0.69 [95% CI， 0.55-0.87]; P = 0.002; 14 
trials，η=  699; heterogeneity， p = 0.09) than hemofiltration 

4 www.ccmjournal.org 

alone. On the other hand， hemofiltration combined with 
plasma exchange did not a百ectthe mortality (RR， 0.85 [95% 
CI， 0.63-1.14]; P = 0.28; six trials， n = 270; heterogeneity， p二
0.41; Fig. 3A). Studies conducted in Japan showed由atblood 

purification decreased mortality in patients with sepsis (RR， 
0.50 [95% CI， 0.36-0.70]; P < 0.001; six trials; n = 271; het-
erogeneity， p = 0.18)， whereas pooled results from studies 
conducted in other countries were not significant (RR， 0.86 
[95% CI， 0.69-1.06]; P = 0.16; 10 trials， n = 556; heterogeneity， 
p = 0.58; Fig. 3B). 
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TABLE 2. Blood Purification Modality and Outcome in Selected Trials 

Hueat nag | 
HP 2hrp|oe0 r1 treatment HA330 IL-6，1し8 Yes: CI， Yes: SOFA No: 

(blood flow rate， resln MAP， Hospital/28-d 
(23) 100-200 mL/min) cartridge SVRI survival; Yes: 

ICU survival 

Pe(n9g ) et a| PHVHF 85 mL/kg/hr for 6 hr AN69 TNF，IL- Yes: SBP， Yes: APACHE No: 28-d survival 
followed b1y 83h5r， mL/ filter 1，4，6，10 DBP， II/SAPS 11/ 
kg/hr for 18hr， at MAP SOFA 

least 72 hr 

Cruz et al HP 2 hr first， and then the PMX-B NA Yes: MAP Yes: SOFA Yes: 
(31 ) second HP for 24 hr Hosipviata| l/28-d 

surv 

Paay|e(r13e2t ) CVVH 2000 mL/hr for at least HPM 
No: IL-6， NA Yes: SOFA No: 28-d survival 

96 hr IL-1α 

Pe(n2g 4e) t a| CVVHDF 1500-1900mL/hr AN69 |し1N01638， NA NA No: No detail 

filter TNF survival days 

repoパed

Vincent HP 2 hr per time (blood PMX-B No: Yes: CI， No: APACHE No: 28-d survival 
et al flow rate，1 00- Endotoxin， LVSW II/SOFA 
(33) 200mL/min) IL-6 

Reinhart HP First 4 d Endotoxin No: 1L-6， NA No: APACHE No: 28-d survival 

et al adsorber TNF-α 11 
(34) 

Nakamura HP Twice within a 24 hr PMX-B Endotoxin NA NA Yes: No detail 
et al interval， for 2 hr survival days 
(25) at a flow rate of repoバed

80-100mL/min 

Nakamura HP Twice within a 24-hr PMX-B Endotoxin NA NA Yes:Hos'ap| ital 
et al interval， for 2 hr SUrvlV 
(26) at a flow rate of 

80-100mL/min 

Nakamura HP Twice within a 24 hr PMX-B Endotoxin NA NA NA:Hosfap| ital 
et al interval， for 2 hr SUrvlV 
(27) at a flow rate of 

80-100mL/min 

Busund Plasma Two treatments: PF-0.5 NA NA Yes: APACHE No: 28-d survival 

et al pheresis 1820士 111 
(28) 402 mL first and 

then 1763:t312 mL 

Nakamura HP Twice within a 24-hr PMX-B Endotoxin NA No: APACHE Yes: No detail 

et al interval， a flow rate 11 survival days 
(29) of 100 mL/min repoはed

Cole et al CVVH 2 L/hr for 48 hr AN69 filter No: TNF-α1 NA NA No:Hosvap| ital 
(17) IL-6，IL-8， SUrvlV 

IL-10 

Nemoto HP 4 hr at a flow rate of PMX-B Endotoxin Yes: MAP NA Yes: 28-d survival 

et al 80-100mL/min for 
(30) once or twice 

( Continued) 
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TABLE 2. (Continued). Blood Purification Modality and Outcome in Selected Trials 

Reeves 

et al 
(35) 

Plasma Twice during the first PF1000 

filtration 4-6 hr and then 

a lower rate of 

exchange for another 

28-30 hr 

NA  No: IL-6 

p' 
H
 

a
 

rE-
H
u
 m
d
O
 

K
J
J
3.
 

a

t

i
、

M
川 Twice within a 24-hr 

interval， for 2 hr 
at a flow rate of 

80-100mL/min 

PMX-B Endotoxin Yes: SBP Yes: APACH E Yes: Hospital 

11 survival 

NA  No: 14-d survival 

APACH E = Acute Physiologyand Chronic Health Evaluation， SAPS = Simplified Acute Physiology Score， SOFA = Sequential Organ Failure Assessment， H P = 
hemoperfusion， I L = interleukin， CI = cardiac index， MAP = mean arterial pressure， PHVH F = pulse high-volume hemofiltration， TN F = tumor necrosis factor， SB P = 
systolic blood pressure， DB P = diastolic blood pressure， PMX-B = polymyxin B immobilized fiber， CWH  = continuous venovenous hemofiltration， H PM = Heparin-
coated polysulfone membrane， CWH  0 F = continuous venovenous hemodiafiltration， LVSW = left ventricular stroke work index， PF = plasma filter， NA = not applicable 

Favours blood purlflcatlon Conventlonal treatment RlskRatlo RlskRatlo 
Study or Subgroup Ev・nts Total Ev・nts Total Wolght M・H，Random， 95% CI Yoar M-H， Random， 95% CI 

2.1.1 Totlll mortality 

R自白V邑5，1999 3 9 6 13 2.7% 0.72 [0.24， 2.16] 1999 
Nakamu悶， 1999 12 30 14 20 9.2% 0.57 [0.34， 0.96] 1999 
Nemoto. 2001 32 54 39 44 21.7% 0.67 [0.52， 0.85] 200唱
Cole， 2002 4 12 4 12 2.5% 1.00 [0.32， 3.10] 2002 
Nak司mu問，2002 2 9 7 9 2.0% 0.29 [0.08， 1.0勾 2002
Busund， 2002 18 54 28 52 11.3% 0.62 [0.39， 0.9η2002 
Nakamura-II，2003 2 10 8 10 2.0% 0.25 [0.07， 0.90] 2003 
Nakamura-I， 2003 9 35 16 25 6.9% 0.40 [0.21， 0.7句 2003
Nakamura， 2004 3 15 6 10 2.5% 0.33 [0.11，1.03] 2004 
R自inhart，2004 19 67 19 76 8.7% 1.13 [0.66， 1.96] 2004 
P9ng， 2005 10 2 10 0.7% 0.50 [0.05， 4.6η2005 
Vlncent， 2005 5 17 5 18 2.9% 1.06 [0.37， 3.0勾 2005
Cruz， 2009 11 34 16 30 7.7% 0.61 [0.34， 1.09] 2009 
payen， 2009 20 37 17 39 10.9% 1.24 [0.78，1.9η2009 
Peng， 2010 11 2 11 0.7% 0.50 [0.05， 4.75] 2010 
Huang， 2010 11 24 11 20 7.7% 0.83 [0.46， 1.50] 2010 
Subtotal (95% CI) 428 399 100.0% 0.69 [0.56， 0.84J • Total events 153 200 
H日terogeneity:Tau' = 0.04; Chlz = 20.54， df = 15 (P = 0.15); 12 = 27% 
T95t for oV9rall e仔'9ct:Z = 3.71 (P = 0.0002) 

2.1.228 days mo同.allty

Nemoto， 2001 32 54 39 44 30.3% 0.67 [0.52， 0.8司 2001 『・-
Busund， 2002 18 54 28 52 15.8% 0.62 [0.39， 0.9可 2002
Reinhart， 2004 19 67 19 76 12.2% 1.13 [0.66，1.9句 2004
Vincent， 2005 5 17 5 18 4.0% 1.06 [0.37， 3.0勾 2005
Cruz， 2009 11 34 16 30 10.7% 0.61 [0.34， 1.09] 2009 
Payen， 2009 20 37 17 39 15.3% 1.24 [0.78，1.9司 2009
Peng， 2010 11 2 11 0.9% 0.50 [0.05， 4.75] 2010 
Huang， 2010 11 24 11 20 10.8% 0.83 [0.46， 1.50] 2010 
Subtotal (95% CI) 298 290 刊 0.0% 0.80 [0.64， 0.99J 
Total events 117 137 

Heterogeneity: Tau2 = 0.03; Chi2 = 9.61， df = 7 (P = 0.21); 12 = 27% 
Te5t for overョlIe仔'ect:Z = 2.03 (P = 0.04) 

2.1.3 Hospital m。同ality

Nak司mura，1999 12 30 14 20 24.7% 0.57 [0.34， 0.96] 1999 
Cole， 2002 4 12 4 12 6.7% 1.00 [0.32， 3.10] 2002 
Nak司mu悶・1，2003 9 35 16 25 18.3% 0.40 [0.21， 0.7句 2003
Nakamurョ・11，2003 2 10 8 10 5.3% 0.25 [0.07， 0.90] 2003 
Cruz， 2009 14 34 20 30 28.4% 0.62 [0.38， 0.99] 2009 
Huang， 2010 9 24 10 20 16.5% 0.75 [0.38，1.48] 2010 
Subtotal (95% CI) 145 刊7 100.0% 0.57 [0.44， 0.7司 • Total ev邑nts 50 72 

Heterogeneity; Tau' = 0.00; Chl' = 4.48， df = 5 (P = 0.48); P = 0% 
Test for overall e仔ect:Z = 4.13 (P < 0.0001) 

0.02 0.1 1 10 50 
Favours blood purification Favours conventional treatment 

Figure 2. Risk ratios for blood purification versus conventional treatment. Pooled risk ratios are from a random effeds model; size of the data markers 
indicates weight of the studμMH = Mantel-Haenszel目
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TABLE 3. Sensitivity Analyses of Association Between Blood Purification on Mortality 

(C!m]]庁otal) p Value for 
mmtd4h.lli 

No. of Blood Conventional Risk Ratio Heterogeneity Effe:rn，!，iI44，.目

Acute Pchh ym siology Total Co nventio nal 
and Chronic treatment 
Health Evaluation 
11 score， mean 

:2::28 4 35/115 43/115 0.67(0.38-1.21 ) 53悦 (0.09) 0.19 0.81 

<28 9 79/212 110/183 0.62(0.52-0.75) 0% (0.63) く001

Hemoperfusion Conventional 
only treatment 

:2::28 4 35/115 43/115 0.67(0.38-1.21 ) 53% (0.09) 0.19 0.73 

<28 6 71/180 98/147 0.60(0.49-0.75) 8% (0.36) く0.001

The severity of Total Conventional 
sepsis b treatment 

Sepsis 5 17/73 39/67 0.40(0.26-0.64) 001も(0.74) <0.001 0.01 

Severe sepsis 10 104/301 122/288 0.79(0.62-1.00) 22悦 (0.24) 0.05 
or septic shock 

Hemoperfusion Co nventio nal 
only treatment 

Sepsis 3 7/54 31/44 0.20(0.10-0.41 ) 0悦 (0.63) く0.001 0.001 

Severe sepsis 6 61/187 71/174 0.74(0.54-0.99) 21 % (0.28) 0.05 
or septic shock 

Publication year Total Conventional 
treatment 

く2005 10 104/295 147/271 0.62( 0.49-0.78) 26% (0.20) く0.001 0.04 

二三2005 6 49/133 53/128 0.90(0.67 -1 .21 ) 0%(0.51) 0.50 

Hemoperfusion Conventional 
only treatment 

<2005 7 79/220 109/194 0.57(0.40-0.79) 48% (0.07) 0.0009 0.28 

注2005 3 27/75 32/68 0.75(0.51-1.11) 00;も(0.60) 0.15 

Age， mean， yr Total Conventional 
treatment 

ミ60 7 82/216 103/202 0.70(0.54-0.92) 27% (0.22) 0.01 0.76 

く60 9 71/212 97/197 0.66(0.48-0.91 ) 35悦 (0.14) 0.01 

Jadad score， Total Conventional 
行lean treatment 

二三3 7 53/189 73/180 0.64(0.42-0.96) 43% (0.10) 0.03 0.64 

く3 9 100/239 127/219 0.71 (0.57 -0.88) 19% (0.28) 0.0002 

aBased on the χ2test. 
bBased on the repoはofthe studies included. 

Sensitivity Analyses of Association Between Blood when trials were stratified by mean age (注60vs <60 yr) and 
Purification and Mort剖ity mean APACHE II score (;;:::28 vs <28) at enrollment. However， 
We conducted sensitivity analyses by strati命ingour analy- blood purification appeared to have a greater effect on mor-
sis by various subgroups known to influence outcome from tality in trials enrolling patients with sepsis (RR， 0.40 [95% 
sepsis (Table 3). We found no significant differences in effect CI， 0.26-0.64]; P < 0.001;自vetrials， n = 140) compared wi出
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those enrolling patients with severe sepsis or septic shock (RR， 
0.79 [95% CI， 0.62ー1.00];P = 0.05; 10 trials， n = 589)， and 
the p value for interaction between these two groups was 0.01 
(Table 3). Similar results could be seen in e百ectwhen trials were 

stratified by publication year (p = 0.04; Table 3). Study quality 

(J adad score注3or < 3) did not a百ectthe results (p = 0.64). 

We also conducted sensitivity analyses restricted to hemoper-

fusion studies by stratifying mean age (ミ60vs < 60戸)，mean 

APACHE 11 score (ミ28vs <28) at enrollment， or publication 
year (before 2005 vs 2005 and later). The results were consis-

tent with the findings with all “purification techniques" except 

for publication year (p = 0.28; Table 3). 

Adverse Effeds 

There were few clinically important adverse effects related to 

blood purification. Two trials reported immediate adverse 

events， which were considered to be possibly device related 
(fever) during hemoperfusion treatment (23， 33). Cruz et al 
(31) reported some adverse reactions， including cartridge clot-
ting (four cases， 6%)， hypotension (1 case， 1.5%)， and tachycar-
dia (two cases， 3%). Busund et al (28) reported that six patients 
had episodes of hypotension during the plasmapheresis pro-

cedure， and one patient had a reaction to fresh-frozen plasma. 

Quality of Studies and Publication Bias 
All trials included in the meta-analysis were randomized and 

have been published in full article form. The mean Jadad score 

was 2.75 for studies included in our analysis (using investi-

gator blinding for double blinding). Seven trials had a Jadad 

score greater than or equal to 3， whereas nine trials received a 
score of 2 or less (Table 1). No evidence of publication bias was 

detected for RR of death by either funnel plots or Egger test (p 
二 0.14;Fig. 4， A and B). 

DISCUSSION 
We found evidence that blood purification using hemoper-

fusion， plasma exchange， and hemofiltration combined with 
hemoperfusion was significantly associated with a decrease in 

mortality among patients with sepsis， severe sepsis， or septic 
shock. Thus， further development ofblood purification strate-
gies for management of sepsis would seem warranted. 

Early clinical and experimental studies in blood purifica-

tion for sepsis focused on methods used for treatment of renal 

failure， especially continuous venovenous hemofiltration (15， 
38， 39). Often these trials used standard "renal dose" intensi-
ties although more recently， so-called high-volume hemofil-
tration has been advocated (9-11， 15， 16). Meanwhile， large 
multicentered clinical trials have revealed由atincreasing 

intensity of renal replacement therapy beyond conventionally 

recommended doses does not improve patient survival (40， 

41). Subgroup analysis in these trials also does not support 

an advantage for higher intensity in patients wi出renalfailure 

and sepsis. This may be because conventional renal replace-

ment therapy is not able to affect changes in soluble inflam-

matory mediators (17，32)， and thus， alternative techniques are 

8 www.ccmjournal.org 

needed if blood purification is to result in improved survival 

for patients with sepsis. 

Importantly， however， the exact targets for blood purifi-

cation in sepsis are unknown. We recently demonstrated in 

rodents出atacute changes in the usual sepsis mediators were 

not necessary to impact survival using hemoperfusion (42). 
Indeed， it is increasingly recognized由atdeath due to sepsis 
(or perhaps critical山nessin general) may be more a func-

tion of immune suppression than of cytotoxic inflammation 

(43). Therefore， the targets of immune modulation may be 

immune-suppressive factors， immune effector cells， or per-

haps， chemokine gradients. 
Alternatives to standard hemofiltration such as high-
adsorption continuous venovenous hemofiltration appear 

more e旺ectivefor reducing plasma cytokine concentrations in 

patients with septic shock， as well as for impacting physiologic 
outcomes such as decreasing norepinephrine requirements 

(12). However， other modalities such as hemoperfusion and 
plasma exchange are now being examined more closely. For 

example， hemoperfusion with a PMX-B fiber column appears 
to improve survival compared with conventional treatment 

(25， 26， 29-31， 36). Trials included in this meta-analysis var-
ied in terms of blood purification modality and reflected the 

diversity of clinical practice informing trial methodology. 

Interestingly， our results were reasonably consistent across var-
ious forms of blood purification without significant heteroge-
neity. Likewise， the risk of publication bias was low， although 
not impossible given limitations of由eEggers statistic. 

A surprising finding of our analysis shown in Table 3 was 

the fact that the impact of blood purification on survival was 

not attenuated in subgroups with lower risk of death (age < 
60， APACHE 11 score < 28， nonsevere sepsis). This finding may 
be of particular importance because many sepsis trials have 
focused on patients with severe disease (9， 17，23，25，28，31-34， 
36). One consequence of this approach is that patients tend to 

be enrolled late in the course of sepsis， perhaps when therapies 
are less likely to be eぽective.Concern over出isstrategy is fur-

ther heightened when one appreciates that preclinical models 

are often based on early treatment or even pretreatment in ani-
mals (39， 42). Future trials of blood purification may need to 
consider出isaspect more carefully. 

Similarly， older patients have an increased risk of death 
and shorter survival time in studies of sepsis (44). However， 
we could not demonstrate any di百erencein the e百ectofblood 

purification in patients younger than 60 years old compared 

with older patients. In a cohort study， Brar et al (45) reported 
that individuals with acute renal failure over 50， who were 
treated with continuous renal replacement therapy， had a 
lower mortality (22%) than their younger counterparts (50%). 

Some investigators have sought to examine combina-

tion therapy using different blood purification techniques 

in patients with sepsis or septic shock (14， 46). For example， 
Yonekawa et al (47) reported出atpatients with severe sepsis 

responded to仕切tmentcombining continuous endotoxin 

apheresis and hemodiafiltration. Too few trials are available to 

examine this approach. However， given由einherent di百erences
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A 
Blood purification Conventional treatment Risk Ratio Risk Ratio 

Study or Subgroup Events Total Events Total Weight M-H， Random， 95% CI Year M-H. Random， 95% CI 
3.1.1 Hemope市Jsion

Nakamura， 1999 12 30 14 

Nemoto， 2001 32 54 39 

Nakamura， 2002 2 9 7 

Nakamura・11，2003 2 10 

Nakamura-I，2003 自 35 16 

R自inha凡2004 19 67 19 

Nakamura， 2004 3 15 6 

Vincent， 2005 5 17 5 

C則z，2009 11 34 16 

Huang， 2010 11 24 11 
Subtotal (95% CI) 295 

Total events 106 141 

Heterogeneity: Tau' = 0.04; Chi2 = 13.19， df = 9 (P = 0.15); 12 = 32% 

Test forove悶lIe仔ect:Z = 3.75 (P = 0.0002) 

3.1.2 Hamo罰Itration

Cole， 2002 4 12 4 

Peng， 2005 10 2 

Payen， 2009 20 37 17 

Peng， 2010 11 2 
Subtotal (95% CI) 70 

Total events 26 25 

H自terogeneity:Tau' = 0.00; Chi2 = 1.26， df= 3 (P = 0.74); 12 = 0% 

Testforov白rall由符ect:Z = 0.59 (P = 0.56) 

3.1.3 Plasma exchange 

Reeves， 1999 3 9 6 

Busund， 2002 18 54 28 
Subtotal (95% CI) 63 

Total event司 21 34 

Heterogeneity: Tau' = 0.00; Chl2 = 0.07， dt = 1 (P = 0.60); 12 = 0% 

Test for overヨlIe汗ect:Z = 2.14 (P = 0.03) 

3.1.4 Hamofiltration combinad with hamoparfusion 

Nakamura， 1999 オ2 30 14 

Nemoto， 2001 32 54 39 

Nakamu悶， 2002 2 9 7 

Cole， 2002 4 12 4 

Nakamura-I， 2003 自 35 16 

Nakamura-II， 2003 2 10 8 

Reinhart. 2004 19 67 19 

Nakamura， 2004 3 15 6 

Vincent. 2005 5 17 5 

Peng， 2005 1 10 2 

payen， 2009 20 37 17 

Cruz， 2009 11 34 16 

Huang， 2010 11 24 11 

SPeunbgto，t2a0l 10 
1 11 2 

(95%CI) 365 

Total events 132 166 

Heterogeneity: Tau' = 0.06; Chl2 = 20.25， df = 13 (P = 0.09); 12 = 36% 

Test for overョlIe仔ect:Z = 3.12 (P = 0.002) 

3.1.5 Hemofiltration combined with plasma exchange 

Reeves， 1999 3 9 6 

Busund， 2002 18 54 28 

Cole， 2002 4 12 4 

P自n9，2005 1 10 2 

Pay白n，2009 20 37 17 

Peng， 2010 1 11 2 
Subtotal (95% CI) 133 

Total events 47 59 

Heterogenelty: Tau' = 0.00; Chl2 = 5.06， df= 5 (P = 0.41); 12 = 1% 

Test for overall effect: Z = 1.07 (P = 0.28) 

20 13.2% 0.57 [0.34， 0.9句 1999
44 27.6% 0.67 [0.52， 0.8司 2001 ー・ー
9 3.1% 0.29 [0.08， 1.02] 2002 

10 3.1% 0.25 [0目。7，0.90] 2003 
25 10.0% 0.40 [0.21， 0.76] 2003 

76 12.5% 1.13 [0.66，1.96] 20叫

10 3.8% 0.33 [0.11， 1.03] 2004 

18 4.4% 1.06 [0.37， 3.02] 2005 

30 刊 .2% 0.61 [0.34， 1.09] 2009 

20 刊.2% 0.83 [0.46， 1.50] 2010 
262 100.0% 0.63 [0.50， 0.80] • 

12 17.9% 1.00 [0.32， 3.10] 2002 

10 4.9% 0.50 [0.05，4.6η2005 

39 72.2% 1.24 [0.78， 1.9司 2009

11 4.9% 0.50 [0.05.4.75] 2010 
72 100.0% 1.13 [0，75，1，71] 

13 20.4% 0.72 [0.24， 2.16] 1999 

52 79.6% 0.62 [0.39， 0.9η2002 .. 65 100.0% 0.63 [0.42， 0.96] 

20 10.9% 0.57 [0.34. 0.96] 1999 

44 22.8% 0.67 [0.52. 0.85] 2001 ー咽... 

9 2.5% 0.29 [0.08. 1.02] 2002 

12 3.1% 1.00 [0.32. 3.1句 2002

25 8.3% 0.40 [0.21. 0.76] 2003 
10 2.5'}も 0.25 [0.07， 0.9句 2日03

76 10.3% 1.13 [0.66. 1.9句 2004

10 3.1% 0.33 [0.11，1.0司 2004
18 3.6% 1.06 [0.37， 3.02] 2005 

10 0.9% 0.50 [0.05， 4.6可 2005
39 12.7% 1.24 [0.78， 1.9可 2009
30 9.2% 0.61 [0.34， 1.0司 2009
20 9.2% 0.83 [0.46， 1.5句 2010

11 0.9% 0.50 [0.05， 4.7司 2010
334 100.0% 0.69 [0.55， 0.87] • 

13 9.8% 0.72 [0.24， 2.1句 1999
52 38.5% 0.62 [0.39， 0.9η2002 

12 9.3仇 1.00 [0.32， 3.1句 2002
10 2.6% 0.50 [0.05， 4.6可 2005
39 37.4% 1.24 [0.78，1.9η2009 

11 2.5% 0.50 [0.05， 4.7司 2010
137 100.0% 0.85 [0.63， 1.14] 

0.05 0.2 1 5 20 
Favours blood puri百四tion Favours conventional treatment 

Figure 3. Risk ratios for different modality of blood purification versus conventional treatment. Pooled risk ratios are from a random effeds model; size of 
the data markers indicates weight of the study. A， Different modalities of blood purification versus conventional treatment. B， Different geographic region 
and hemoperfusion analysis of blood purification versus conventional treatment. M-H = Mantel-Haenszel. 

in the various blood purification techniques on specific vari-

ables of interest in sepsis (e.g.， endotoxin， cytokines， ceIls) ， 
combined therapy does seem appealing. 

Critical Care Medicine 

We  found no evidence that study quality of the trials 

included affected our results. Although there were significant 

differences in effect when trials were stratified by publication 
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B 
Blood puri白calion Conventional treatment Riak Ratio RiskRati。

Study or Subgroup Events Total Events Total Weight M.H， Random， 95% CI Year M.H， Random， 95% CI 

3.1.6 Blood puri缶四tionbased on geographic region:Japan 

Nakamura.1999 12 30 14 
Nemoto. 2001 32 54 39 
Nakamura， 2002 2 9 7 
Nakamura.II，2003 2 10 8 
Nakamura-I， 2003 9 35 16 
Nakamura， 2004 3 15 
Subtotal (95% CI) 153 

Total events 60 90 
Heter句eneity:Tau2 = 0.05; Chi2 = 7.54， df = 5 (P = 0.18); 12 = 34% 
Test for overョ11effect: Z = 4.11 (P < 0.0001) 

3.1.7 Blood purification Tased on geogrヨphicregion: no Japan 

Reev田， 1999 3 9 6 
Busund， 2002 18 54 28 
Cole， 2002 4 12 4 
Relnhart. 2004 19 67 19 
Peng， 2005 10 2 
Vincent. 2005 5 17 5 
Cruz， 2009 11 34 16 
Pay白n，2009 20 37 17 
Huang.2010 11 24 11 
Peng， 2010 11 2 
Subtotal (95% CI) 275 

Total events 93 110 
Heter句 eneity:Tau2 = 0.00; Chi2 = 7.52， df = 9 (P = 0.58); 12 = 0% 
Test for overョlIe仔ect:Z = 1.42 (P = 0.16) 

3.1.8 Blood purification without PMX.B 

Reev田， 1999 3 9 6 
Cole， 2002 4 12 4 
Busund， 2002 18 54 28 
Relnhart. 2004 19 67 19 
Peng， 2005 10 2 
payen， 2009 20 37 17 
Peng， 2010 11 2 
Huang.2010 11 24 11 
Sublotal (95% CI) 224 

Total events 77 89 
Heter.句 eneity:Tau2 = 0.00; Chi2 = 5.92， df = 7 (P = 0.55): 12 = 0% 
Test for overall effect: Z = 0.92 (P = 0.36) 

3.1.9 H由moparfuslonwlth PMX.B 

Nakamura， 1999 12 30 14 
Nemoto. 2001 32 54 39 
Nakamura. 2002 2 9 7 
Nakamura.l， 2003 9 35 16 
Nakamura-II， 2003 2 10 8 
Nakamu悶，2004 3 15 8 
Vincent， 2005 5 17 5 
Cruz.2009 11 34 16 
Subtotal (95% CI) 204 

Total events 76 111 
Heter.句 eneity:Tau2 = 0.02; Chi2 = 8.16， df = 7 (P = 0.32): F = 14% 
Testfor overall e仔ect:Z = 4.74 (P < 0.00001) 

3.1.10 Hemoperfusion without PMX・B

20 21.5% 
44 46.4% 
9 4.9% 
10 4.9% 
25 16.2% 
10 6.1% 
刊8 100.0% 

13 5.0% 
52 19.9% 

12 4.7% 
76 15.6% 
10 1.3% 
18 5.4% 
30 13.9% 
39 19.3% 
20 13.9% 
11 1.3% 
281 100.0% 

13 6.1% 
12 5.8% 
52 24.6% 
76 19.3% 
10 1.6% 
39 23.8% 
11 1.6% 
20 17.2% 
233 100.0% 

20 17.2% 
44 37.1% 
9 3.9% 
25 13.0% 
10 3.9% 
10 4.9% 
18 5.6% 
30 14.5% 
166 100.0% 

Reinhart. 2004 19 67 19 76 52.8% 
Huang.2010 11 24 11 20 47.2% 
Subtotal (95% CI) 剖 96100.0% 
Total events 30 30 
トleterogenelty:Tau2 = 0.00; Chi2 = 0.59， df = 1 (P = 0.44): 12 = 0% 
丁目stforove悶lIe符ect:Z = 0.08 (P = 0.94) 

Figure 3. (Continued) 

year (p = 0.04)， we did not白ldevidence for this effect when the 
analysis was restricted to hemoperfusion (p = 0.28). However， 
there are still important limitations to this report. First， and 
foremost， studies were small (most less than 80 subjects and 

10 www.ccmjournal.org 

0.57 [0.34， 0.96) 1999 
0.67 [0.52， 0.85) 2001 
0.29 [0.08，1.02) 2002 
0.25 [0.07， 0.90) 2003 
0.40 [0.21，0.76) 2003 
0.33 [0.11， 1.03) 2004 
0.50 [0.36， 0.70] 

0.72 [0.24， 2.16) 1999 
0.62 [0.39， 0.97) 2002 
1.00 [0.32， 3.10) 2002 
1.13 [0.66，1.96) 2004 
0.50 [0.05， 4.67) 2005 
1.06 [0.37， 3.02) 2005 
0.61 [0.34， 1.09) 2009 
1.24 [0目78，1.97) 2009 
0.83 [0.46， 1.50) 2010 
0.50 [0.05， 4.75) 2010 
0.86 [0.69，1.0句

0.72 [0.24， 2.16) 1999 
1.00 [0.32， 3.10) 2002 
0.62 [0.39， 0.97) 2002 
1.13 [0.66，1.96) 2004 
0.50 [0.05， 4.67) 2005 
1.24 [0.78， 1.97) 2009 
0.50 [0.05， 4.75) 2010 
0.83 [0.46，1.50) 2010 
0.89 [0.71，1.13] 

0.57 [0.34， 0.96) 1999 
0.67 [0.52， 0.85) 2001 
0.29 [0.08，1.02) 2002 
0.40 [0.21， 0.76) 2003 
0.25 [0.07， 0.90] 2003 
0.33 [0.11，1.03) 20叫
1.06 [0.37， 3.02) 2005 
0.61 [0.34， 1.09) 2009 
0.57 [0.45， 0.72] 

1.13 [0.66，1.96) 2004 
0.83 [0.46，1.50) 2010 
0.98 [0.師， 1.4η
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none greater than 150)， and overall quality was modest (mean 
Jadad score 2.75). The risk of false attribution of positive effect 

from pooling small trials is well known (48). Thus， we do not 
believe出atthese results constitute a reason to change clinical 
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Figure 4. Assessment of publication bias. A， A funnel plot. 8， Egger's 
test. SE = standard error， RR = risk ratio. 

practice but rather support the need for further research， par-
ticularly given the dismal state of a旺~lirs in出earea of sepsis 

therapeutics (3). However， we also note significant regional 
differences in the management of sepsis， and the reality that 
blood purification is commonly used in some and unknown 

in other places around the world (49). Second， there was no 
standard reporting for survival， and different authors chose 
different endpoints. Therefore， it was not possible to use a 
single-mortality endpoint (hospital， 28 day etc.) across trials. 
Patient-level data were not available for the majority of tri-

als， so we did not attempt to perform a patient-level ana片sis.
Third， due to由enature of the intervention and for logistic 
reasons， studies were not double blinded. Although we used 
“investigator blinding" for assessment of quality of studies 

included in由ismeta -analysis (18)， there is still potential for 
bias. Similarly， underreporting of the adverse e百ectsassociated 
with blood purification is possible， especially because there are 
no standards for adverse e百ectreporting， and none of the stud-
ies included in the meta-analysis had a systematic approach to 

safety data collection and reporting. 

Finally， we acknowledge出atsepsis is a complex disease， 

and blood purification is a complex intervention. The effec-

tiveness of blood purification might be influenced by the 

unique constellation of treatments that are used for and epi-

demiology of sepsis at individual centers and may not be gen-

eralizable. For example， blood puri白cationhas the potential to 
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impact plasma drug concentrations including antibiotics (50). 

It is possible， therefore， that blood purification might have 

different effects when used in co吋unctionwith antibiotics 
that depend on time-dependent kinetics compared with peak 

concentration-dependent kinetics (50). Because selection of 

antibiotics is at least partially influenced by treating center， it 
is reasonable to hypothesize variable effects of blood purifica-

tion across centers， all other factors aside. Similarly， our results 
suggest that the main drivers for the beneficial effects ofblood 

purification in this analysis come from studies of hemoper-

fusion with PMX-B and were performed in a single country 

(25-27，29，30，36). Although the overall effects ofblood puri-

fication without PMX-B were consistent with PMX-B studies 

(p = 0.15; P二 27%)，the effect size is considerably smaller (RR 
0.89 vs 0.57) and fails to reach statistical significance. Thus， 
much additional work is needed. However， our results suggest 
a likely role for this form a廿eatmentin a disease that has， so 
far， eluded e百ectivetherapy. 

CONCLUSION 
In conclusion， pooled results of multiple small studies of 
moderate study quality show that blood purification (includ-

ing hemoperfusion or plasma exchange alone， hemofiltration 

combined with hemoperfusion) is associated with lower mor-

tality in patients with sepsis. These results were mainly influ-

enced by studies using hemoperfusion with PMX -B. 
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