Effect of extra-corporeal blood purification on mortality in sepsis -  A meta-analysis and trial sequential analysis
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Boleean Search
A Boleean search was constructed with the following PICOS (Population, Intervention, Control, Outcome, Study) criteria: (intensive care unit OR ICU OR critically ill OR sepsis OR infection OR septic shock OR systemic inflammatory response syndrome OR SIRS OR multiple organ dysfunction syndrome OR MODS) AND (hemofiltration OR renal replacement therapy OR blood purification OR dialysis OR hemoperfusion OR hemoadsorption OR plasma filtration OR plasma exchange OR CytosorbTM) AND (randomized OR clinical study OR trial) NOT (Animal). 


Additional Results

The one study investigating plasma exchange included 106 patients and an overall mortality of 43%. The use of plasma exchange was associated with a reduction in mortality compared to the control arm (33% vs. 54%; OR 0.43 (0.20 - 0.94), p=0.03).



Subgroup, sensitivity and post-hoc analysis

Mortality Geographical region
Countries were grouped into two geographical regions. Studies from North America (n=2)[19,59], and Europe (n=11)[34,38,41,47,48,51-55,62] were amalgamated, as were studies from China (n=12)[39,40,49,50,56,57,60,63,66-69], Japan (n=9)[7,9,42-46,64,65], Hong Kong (n=1)[58], Malaysia (n=1)[61] and Thailand (n=1)[70]. One study from Russia[36] and one from Australasia[37] were excluded from this particular analysis. 

Among studies conducted in N America/ Europe (Supplemental Figure 3), there was no mortality benefit from CVVH (40.2% vs. 45.4%; OR 0.79 (0.43 - 1.45); p=0.45; I2=28%), endotoxin removal (32.8% vs. 30.7%; OR 1.10 (0.83 - 1.45); p=0.51; I2=5%), CytoSorb removal (29.8% vs. 18.3%; OR 1.86 (0.80 - 4.32); p=0.15; I2=64%) or CPFA (45.1% vs. 47.3%; OR 0.91 (0.51 - 1.63); p=0.76) compared to standard treatment. Among Asian countries (Supplemental Figure 4), there was an improvement in mortality associated with the use of CVVH (17.1% vs. 30.8%; OR 0.46 (0.30 - 0.69); p<0.001; I2=0%), endotoxin removal (39.1% vs. 71.6%; OR 0.24 (0.16 - 0.37); p<0.001; I2=43%), and non-specific absorption (37.3% vs. 64.7%; OR 0.33 (0.15 - 0.72); p<0.001; I2=23%), but not with CPFA (45.5% vs. 83.3%; OR 0.17 (0.02 - 1.14); p=0.07) or combined CVVH and adsorption (45.0% vs. 50.0%; OR 0.71 (0.14 - 3.66); p=0.68; I2=0%).

Mortality by conformation of endotoxemia
Among studies using endotoxin removal devices, eight enrolled patients with Gram negative sepsis (irrespective of source of infection)[7,9,34,42,46,52,58,65], five enrolled patients with intra-abdominal sepsis (irrespective of blood culture result)[34,38,48,55,58], and five enrolled patients with elevated endotoxin levels[43,59,64,65,70] (Supplemental Figure 5). 

Of the eight studies (412 patients) enrolling only patients with Gram negative sepsis, the use of endotoxin removal devices was associated with an improvement in mortality (36.9% vs. 56.1%; OR 0.28 (0.13 - 0.61); p=0.001; I2=58%). In the five studies (362 patients) that enrolled patients with intra-abdominal sepsis, there was no mortality benefit seen with the use of endotoxin removal devices compared to standard care (28.1% vs. 27.7%; OR 0.84 (0.41 - 1.71); p=0.48; I2=36%). Among the five studies (589 patients) enrolling patients with high endotoxin levels, there was no mortality benefit associated with endotoxin removal devices (37.6% vs. 42.2%; OR 0.35 (0.11 - 1.17); p=0.09; I2=80%).  

Sensitivity analysis
As all RCTs were deemed to have a high risk of bias, risk of bias assessment was not used in the data syntheses.

Seven RCTs investigating endotoxin removal devices were from a single center[7,9,42-45,64]. Personal communication with the author’s group revealed that there was no overlap of patients nor data between studies. We performed a post-hoc analysis excluding these studies to rule out a center-specific effect. Ten studies using endotoxin removal devices with 1156 patients remained. There was no mortality benefit associated with the use of endotoxin removal devices among these studies (36.0% vs. 38.1%; OR=0.86 (0.66-1.13); p=0.28; I2=61%). The mortality benefit associated with the use of endotoxin removal devices was limited to the seven RCTs by Nakamura et al (OR=0.43 (0.31-0.58); p<0.001, I2=0%). 

Post-hoc analyses
There was significant heterogeneity in mortality of the control arm between studies (18-92%). We therefore assessed the potential benefit of blood purification in sepsis based on the mortality of the control arm, used as a surrogate for illness severity (Supplemental Figures 6-8). We divided patients as having low (<25%), medium (25-50%), and high (> 50%) risk of death. There were seven (n=502)[48-50,54,62,66,67], 16 (n=1505)[19,34,37,41,47,51,52,55-60,63,69,70] and 16 studies (one study with three devices trialled)[68] (n=722)[7,9,36,38-40,42-46,53,61,64,65,68] in the low, medium, and high-risk groups with a weighted mean mortality of 20.3%, 34.1% and 53.6%, respectively. The use of CVVH was associated with an improvement in the medium (24.4% vs. 34.1%; OR 0.62 (0.44 - 0.89); p=0.009; I2=2%) and high (56.5% vs. 87.0%; OR 0.18 (0.04 - 0.81); p=0.03; I2=0%) risk groups only. Endotoxin removal devices were associated with a mortality improvement only in the high-risk group (36.4% vs. 73.5%; OR 0.19 (0.12 - 0.29); p<0.001; I2=0%), as were non-specific absorbers (37.3% vs. 64.7%; OR 0.33 (0.15 - 0.72); p=0.006; I2=23%). No benefit was seen with CPFA at any mortality risk group.

Within the 17 endotoxin removal studies, PXMB hemoperfusion was used in 15 studies with 1363 patients. We performed an additional post-hoc analysis on PXMB use, which showed a reduction in mortality compared to the control arm (35.7% vs. 45.1%; OR 0.64 (0.49 - 0.83), p=0.001, I2=65%).

The 39 studies identified were published between 1997 and 2019. To ascertain if an 'era effect' was present, i.e. an improvement in mortality over time due to general advances in patient care, we subdivided the studies into the decades in which the studies were published. There was a reduction in mortality in both intervention and control groups between the 1990s (2 trials - 48.8% vs. 78.8%; OR 0.26 (0.09 - 0.75); p = 0.13; I2 = 0%) and the 2000s (17 trials - 31.8% vs. 49.6%; OR 0.35 (0.21 - 0.58); p < 0.0001; I2 = 55%), and a further reduction in the control arm mortality only between the 2000s and 2010s (22 trials - 31.7% vs. 36.0%; OR 0.82 (0.67 - 1.00); p = 0.05; I2 = 43%). 


Risk of Bias and Grade assessment
Risk of bias
The risk of bias was high in all studies due to the difficulty in blinding of participants and personnel because of the need for an extracorporeal blood purification device (Supplemental Table 3). Excluding this factor, the remaining risk of bias was unclear as the majority of studies did not specify their approach to randomisation generation and allocation concealment.

GRADE assessment 
Overall, the quality of evidence as per our GRADE assessment was marked either 'low' or 'very low' (Supplemental Table 4).
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Supplemental Table 1: Study characteristics
	Author
Year
Journal
	Country
	No of Patients
	Mean age
	Diagnosis
	Modality
	Treatment initiation
	Duration of treatment

	Busund
2002
ICM
	Russia
	106
	44.5
	Sepsis, Severe Sepsis, Septic Shock
	Plasmapharesis - PF-0.5 or DK2-0.3 continuous flow machines
	6hrs after diagnosis of sepsis
	2x2:13-7hrs 24hrs apart

	Cantaluppi
2008 
ICM
	Italy
	16
	60
	Severe Gram negative sepsis, intra-abdominal sepsis
	Haemoperfusion- Polymixin B
	Enrolment - within 24hrs of gram -ve culture and sepsis
	2x2hrs 24hrs apart

	Chung
2017
Crit Care
	USA
	37
	49
	Septic Shock in burns patients
	HVHF - PrimsaFlex or Nx System one at 70ml/kg/hr
	Within 24hrs of diagnosis
	48hrs

	Cole
2002
CCM
	Australia
	24
	64.1
	Severe Sepsis or Septic Shock
	CVVH- BMM 10-1 machine with AN69 filter at 2L/hr
	Within 12hours of enrolment
	48hrs

	Cruz
2009
JAMA
	Italy
	64
	64
	Intra-abdominal sepsis
	Haemoperfusion- Polymixin B
	Within 6hrs of surgery
	2x2hrs 24hrs apart

	Dellinger
2018
JAMA
	North America
	449
	59.9
	Septic Shock with  endotoxin assay activity >0.6 (and MODS >9)
	Haemoperfusion- Polymixin B
	Within 30hrs of enrolment
	2x2hrs 24hrs apart

	Guo
2017
Int J Artif Organs
	China
	22
	54.3
	Sepsis with MODS
	HVHF - PrismaFlex with AN69 membrane at 60ml/kg/hr
	Within 6hrs of diagnosis
	48hrs

	Han
2011
CCCM
	China
	45
	49
	Severe Sepsis
	CVVH - PrismaFlex with AN69 membrane at 40ml/kg/hr
	Within 2hrs of diagnosis
	72hrs

	Hassan
2013
EXCLI J
	Malaysia
	23
	61.7
	Severe Sepsis, Septic Shock
	Haemoperfusion - CPFA on Informed HF440 system
CVVH at 35ml/kg/hr
	Not described
	24hrs

	Hawchar
2019
J Crit Care
	Hungary
	20
	65.6
	Septic Shock
	Haemoperfusion - Cytosorb
	Within 24hrs of ITU admission
	24hrs

	Huang
2010
TAD
	China
	44
	74.8
	Severe Sepsis
	Haemoperfusion- Accura dialysis machine with HA330 Neutral Microporous resin cartridge
	Not described
	3x2hrs 24hrs apart

	Huang
2013
TAD
	China
	46
	65.5
	Sepsis and acute lung injury
	Haemoperfusion- Neutral Microporous HA330 resin cartridge
	Not described
	3x2hrs 24hrs apart

	Jing
2015
Eur Rev Med Pharmacol Sci
	China
	97
	54
	Severe Sepsis, Septic Shock
	HVHF - at 35-50ml/kg/hr
	Not described
	72hrs

	Livigni
2013
BMJ Open
	Italy
	184
	64.2
	Septic Shock
	CPFA at 0.15L/kg/day
	Within 6hours of enrolment
	5x10hrs 24hours apart

	Meng
2016
Biomed Res Int
	China
	51
	60
	Septic shock with ARDS
	CVVH - PRISMA CRRT machine with AN69 membrane at 35ml/kg/hr
	Within 24hours of development of ARDS occurring within 48hrs of sepsis
	72hours

	Nakamura
1999
Inflam Res
	Japan
	50
	53.8
	Gram- negative sepsis
	Haemoperfusion- Polymixin B
	On day 6 after enrolment
	2x2hrs 24hrs apart

	Nakamura
2001
Clin Inten Care
	Japan
	20
	52.8
	Gram- negative hypothermic Sepsis
	Haemoperfusion- Polymixin B
	Enrolment
	2x2hrs 24hrs apart

	Nakamura 1
2002
ASAIO
	Japan
	18
	40
	Trauma patient with sepsis
	Haemoperfusion- Polymixin B
	On day 4 after enrolment
	2x2hrs 24hrs apart

	Nakamura 2
2002
ASAIO
	Japan
	14
	54.5
	Sepsis
	Haemoperfusion - Polymixin B
	Day 4 of ITU admission
	2x2hrs 24hrs apart

	Nakamura
2003
J Hosp Infection
	Japan
	60
	55.5
	MRSA Sepsis
	Haemoperfusion- Polymixin B
	Not described
	2x2hrs 24hrs apart

	Nakamura
2003
Nephron Clin Pract
	Japan
	20
	63.7
	MRSA sepsis with glomerulonephritis
	Haemoperfusion- Polymixin B
	Enrolment
	2x2hrs 24hrs apart

	Nakamura
2004 
ICM
	Japan
	25
	60
	Gram- negative sepsis
	Haemoperfusion- Polymixin B
	On day 4 after enrolment
	2x2hrs 24hrs apart

	Nemoto
2001
Blood purification
	Japan
	98
	62
	Gram- negative sepsis
	Haemoperfusion- Polymixin B
	Within 24hrs sepsis
	1-2x4hrs - repeat if no improvement in MAP

	Payen
2009
ICM
	France
	76
	58.1
	Severe Sepsis
	CVVH- Duraflo II membrane at 2L/hr
	Within 24hrs sepsis
	96hrs

	Payen
2015 
ICM
	France
	232
	72
	Intra-abdominal sepsis
	Haemoperfusion- Polymixin B
	10hrs post-surgery
	2x2hrs 24hrs apart

	Peng
2005
Burns
	China
	20
	33.2
	Sepsis
	CVVHDF - Prisma system with AN69 membrane at 2L/hr
	Enrolment
	60hrs

	Peng
2010
IJAO
	China
	22
	53
	Severe Sepsis
	PHVHF- AN69 membrane at 85ml/kg for 6hrs then 35ml/kg for 18hrs
	Enrolment (2hrs)
	72hrs

	Quenot
2015
ICM
	France
	60
	66.6
	Septic Shock
	CVVH at 120ml/kg/hr
	Enrolment (3hrs)
	48hrs

	Reinhart
2004
CCM
	Europe
	140
	61
	Severe Sepsis and suspected Gram negative infection
	Haemoperfusion - Fresenius Matisse EN 500 iHSA endotoxin absorber
	Within 24hrs enrolment
	4x4-6hrs 24hrs apart with optional 2 further sessions

	Sander
1997
ICM
	Germany
	26
	55
	Sepsis, Severe Sepsis, Septic Shock
	CVVH - AN69 membrane at 1L/hr
	Enrolment
	48hrs

	Schadler
2017
PLOS One
	Germany
	97
	65
	Severe Sepsis or Septic Shock within 72hours of ARDS or acute lung injury
	Haemoperfusion- Cytosorb
	Enrolment within 72hrs of diagnosis of sepsis with ARDS/ALI
	max 7x6hrs 24hrs apart

	Shum
2014
IJCCM
	Hong Kong
	15
	74
	Septic shock with intra-abdominal infection
	Haemoperfusion- Alteco absorber on AK10 machine
	Not described
	2x2hrs 24hrs apart

	Srisawat
2018
Crit Care
	Thailand
	59
	69
	Severe Sepsis or Septic Shock with EAA >0.6
	Haemoperfusion- Polymixin B
	Enrolment (ICU admission)
	2x2hrs 24hrs apart

	Suzuki
2002
Ther Apher
	Japan
	48
	65
	Septic Shock
	CVVHDF 20ml/kg/hr with PMMA dialyzer AND/OR
Haemoperfusion - Polymixin B
	8hrs from diagnosis
	At least 24hrs
1x4hrs

	Vincent
2005
Shock
	Europe
	35
	57.5
	Intra-abdominal presumed gram negative sepsis
	Haemoperfusion- Polymixin B
	Enrolment (24-48hrs post surgery)
	1x2hrs

	Wang
2009
CCCM
	China
	89
	56
	Septic Shock
	HVHF at 2-3L/hr
	Not described
	24hrs

	Xu
2014
Burns Trauma
	China
	22
	31.3
	Sepsis in burns patients
	CVVHDF - PrismaFlex at 1.5-2L/hr
	Not described
	12hrs

	Zheng
2017
Exp Ther Med
	China
	20
	58.7
	Sepsis, Severe Sepsis or Septic Shock
	CVVH - PrismaFlex M100 set at 35ml/kg/hr
Haemoperfusion - PrismaFlex Adsorba 300
	Diagnosis of sepsis
	24hrs
2.5hrs

	Zu
2015
Cell Biochem Biophys
	China
	195
	46.6
	Burns patients with sepsis
	CVVHDF - Plasauto iQ20 machine with APF-10S filter at 2.5-3L/day
	Enrolment
	3-5x8-10hrs 24hrs apart





Supplemental Table 2: Outcomes
	
	Studies
	References
	Intervention group mortality
	Control group mortality
	Effect estimate
(95% CI)
	Overall effect
	I2 (%)

	Overall mortality
	39
	7,9,19,34,36-70
	449/1393 (32.2%)
	553/1336 (41.4%)
	0.49 (0.37-0.65)
	Z=4.85 (p<0.001)
	54

	
	
	
	
	
	
	
	

	Mortality by device
	
	
	
	
	
	
	

	CVVH
	14
	19,37,47,49,51,53,56,57,60,63,66-69
	93/401 (23.2%)
	113/385 (29.4%)
	0.56 (0.40-0.79)
	Z=3.35 (p<0.001)
	0

	Hemoperfusion - Endotoxin removal
	17
	7,9,34,38,42-46,48,52,55,58,59,64,65,70
	244/700 (34.9%)
	284/663 (42.8%)
	0.40 (0.23-0.67)
	Z=3.45 (p<0.001)
	71

	Hemoperfusion - CytoSorb
	2
	54,62
	17/57 (29.8%)
	11/60 (18.3%)
	0.99 (0.07-13.42)
	Z=0.01 (p=0.99)
	54

	Hemoperfusion - Non-specific absorption
	3
	39,40,68
	22/59 (37.3%)
	33/51 (64.7%)
	0.32 (0.13-0.82)
	Z=2.38 (p=0.02)
	23

	CPFA
	2
	41,61
	46/102 (45.1%)
	54/105 (51.4%)
	0.50 (0.10-2.47)
	Z=0.84 (p=0.40)
	64

	Combined CVVH and adsorption
	2
	49,68
	9/20 (45.0%)
	10/20 (50.0%)
	0.71 (0.13-3.79)
	Z=0.40 (p=0.69)
	0

	PLEX
	1
	36
	18/54 (33.3%)
	28/52 (53.8%)
	0.43 (0.20-0.94)
	Z=2.11 (p=0.03)
	-

	
	
	
	
	
	
	
	

	Risk group
	
	
	
	
	
	
	

	CVVH
	
	
	
	
	
	
	

	Low
	3
	49,66,67
	5/70 (7.1%)
	11/63 (17.5%)
	0.37 (0.12-1.12)
	Z=1.75 (p=0.08)
	0

	Medium
	9
	19,37,47,51,56,57,60,63,69
	75/308 (24.4%)
	102/299 (34.1%)
	0.62 (0.44-0.89)
	Z=2.60 (p=0.009)
	2

	High
	2
	53,68
	13/23 (56.5%)
	20/23 (87%)
	0.18 (0.04-0.81)
	Z=2.23 (p=0.03)
	0

	Hemoperfusion - Endotoxin removal
	
	
	
	
	
	
	

	Low
	1
	48
	33/119 (27.7%)
	22/113 (19.5%)
	1.59 (0.86-2.94)
	Z=1.47 (p=0.14)
	-

	Medium
	6
	34,52,55,58,59,70
	128/353 (36.3%)
	123/361 (34.1%)
	1.09 (0.80-1.49)
	Z=0.57 (p=0.57)
	0

	High
	10
	7,9,38,42-46,64,65
	83/228 (36.4%)
	139/189 (73.5%)
	0.19 (0.12-0.29)
	Z=7.40 (p<0.001)
	0

	Hemoperfusion - CytoSorb
	
	
	
	
	
	
	

	Low
	2
	54,62
	17/57 (29.8%)
	11/60 (18.3%)
	0.99 (0.07-13.42)
	Z=0.01 (p=0.99)
	64

	Medium
	0
	-
	-
	-
	-
	-
	-

	High
	0
	-
	-
	-
	-
	-
	-

	Hemoperfusion - Non-specific absorption
	
	
	
	
	
	
	

	Low
	0
	-
	-
	-
	-
	-
	-

	Med
	0
	-
	-
	-
	-
	-
	-

	High
	3
	39,40,68
	22/59 (37.3%)
	33/51 (64.7%)
	0.33 (0.15-0.72)
	Z=2.77 (p=0.006)
	23

	CPFA
	
	
	
	
	
	
	

	Low
	0
	-
	-
	-
	-
	-
	-

	Med
	1
	41
	41/91 (45.1%)
	44/93 (47.3%)
	0.91 (0.51-1.63)
	Z=0.31 (p=0.76)
	-

	High
	1
	61
	5/11 (45.5%)
	10/12 (83.3%)
	0.17 (0.02 - 1.14)
	Z=1.82 (p=0.07)
	-

	Combined CVVH and adsorption
	
	
	
	
	
	
	

	Low
	1
	49
	1/10 (10.0%)
	2/10 (20.0%)
	0.44 (0.03-5.88)
	Z=0.62 (p=0.54)
	-

	Med
	0
	-
	-
	-
	-
	-
	-

	High
	1
	68
	8/10 (80.0%)
	8/10 (80.0%)
	1.00 (0.11-8.95)
	Z=0 (p=1.00)
	-

	
	
	
	
	
	
	
	

	Region
	
	
	
	
	
	
	

	CVVH
	
	
	
	
	
	
	

	N America/ Europe
	4
	19,47,51,53
	41/102 (40.2%)
	44/97 (45.4%)
	0.79 (0.43-1.45)
	Z=0.75 (p=0.45)
	28

	Asia
	9
	49,56,57,60,63,66-69
	49/287 (17.1%)
	85/276 (30.8%)
	0.46 (0.30-0.69)
	Z=3.77 (p<0.001)
	0

	Hemoperfusion - Endotoxin removal
	
	
	
	
	
	
	

	N America/ Europe
	6
	34,38,48,52,56,59
	154/470 (32.8%)
	143/466 (30.7%)
	1.10 (0.83-1.45)
	Z=0.65 (p=0.51)
	5

	Asia
	11
	7,9,42-46,58,64,65,70
	90/230 (39.1%)
	141/197 (71.6%)
	0.24 (0.16-0.17)
	Z=6.53 (p<0.001)
	43

	Hemoperfusion - CytoSorb
	
	
	
	
	
	
	

	N America/ Europe
	2
	54,62
	17/57 (29.8%)
	11/60 (18.3%)
	1.86 (0.80-4.32)
	Z=1.43 (p=0.15)
	64

	Asia
	0
	-
	-
	-
	-
	-
	-

	Hemoperfusion - Non-specific absorption
	
	
	
	
	
	
	

	N America/ Europe
	0
	-
	-
	-
	-
	-
	-

	Asia
	3
	39,40,68
	22/59 (37.3%)
	33/51 (64.7%)
	0.33 (0.15-0.72)
	Z=2.77 (p=0.006)
	23

	CPFA
	
	
	
	
	
	
	

	N America/ Europe
	1
	41
	41/91 (45.1%)
	44/93 (47.3%)
	0.91 (0.51-1.63)
	Z=0.31 (p=0.76)
	-

	Asia
	1
	61
	5/11 (45.5%)
	10/12 (83.3%)
	0.17 (0.02-1.14)
	Z=1.82 (p=0.07)
	-

	Combined CVVH and adsorption
	
	
	
	
	
	
	

	N America/ Europe
	0
	-
	-
	-
	-
	-
	-

	Asia
	2
	49,68
	9/20 (45.0%)
	10/20 (50.0%)
	0.71 (0.14-3.66)
	Z=0.41 (p=0.68)
	0

	
	
	
	
	
	
	
	

	Patient recruitment criteria- 
Endotoxin removal devices
	
	
	
	
	
	
	

	Intra-abdominal sepsis
	5
	34,38,48,55,58
	52/185 (28.1%)
	49/177 (27.7%)
	0.84 (0.41-1.71)
	Z=0.48 (p=0.63)
	36

	Gram negative sepsis
	8
	7,9,34,42,46,52,58,65
	79/214 (36.9%)
	111/198 (56.1%)
	0.28 (0.13-0.61)
	Z=3.18 (p=0.001)
	58

	Elevated blood endotoxin level
	5
	43,59,64,65,70
	111/295 (37.6%)
	124/293 (42.2%)
	0.35 (0.11-1.17)
	Z=1.71 (p=0.09)
	80

	
	
	
	
	
	
	
	

	Sensitivity Analysis
	
	
	
	
	
	
	

	Excluding Nakamura group
	10
	34,38,46,48,52,55,58,59,65,70
	210/584
	218/572
	0.86 (0.66-1.13)
	Z=1.08 
(p=0.28)
	61

	Only Polymixin B studies
	15
	7,9,34,38,42-46,48,55,59,64,65,70
	224/627
	262/581
	0.64 (0.49-0.83)
	Z=3.30
(p=0.001)
	65

	
	
	
	
	
	
	
	

	Era Effect
	
	
	
	
	
	
	

	1990s
	2
	42,53
	21/43 (48.8%)
	26/33 (78.8%)
	0.26 (0.09-0.75)
	(p=0.13)
	0

	2000s
	17
	7,9,34,36-38,43-47,49,52,55,64-66
	143/450 (31.8%)
	210/423 (49.6%)
	0.35 (0.21-0.58)
	(p<0.0001)
	55

	2010s
	20
	19,39-41,48,50-51,54,56-63,67-70
	285/900 (31.7%)
	317/880 (36.0%)
	0.82 (0.67-1.00)
	(p=0.05)
	43

	
	
	
	
	
	
	
	

	
	Studies
	References
	
	
	Mean difference
(95% CI)
	Overall effect
	I2 (%)

	Vasopressor use
	
	
	
	
	
	
	

	CVVH
	3
	19,51,57
	-
	-
	-0.08 (-0.41 - 0.24)
	Z=0.49 (p=0.63)
	0

	Hemoperfusion - Endotoxin removal
	6
	34,38,48,52,65,70
	-
	-
	-1.02 (-1.87 - -0.16)
	Z=2.33 (p=0.02)
	95

	Hemoperfusion - CytoSorb
	1
	62
	-
	-
	-0.34 (-1.23 - 0.54)
	Z=0.76 (p=0.45)
	-

	Hemoperfusion - Non-specific adsorption
	2
	39,40
	-
	-
	-0.67 (-1.10 - -0.24)
	Z=3.08 (p=0.02)
	0

	CPFA
	1
	61
	-
	-
	-0.44 (-1.27 - -0.39)
	Z=1.03 (p=0.30)
	-

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	SOFA score
	
	
	
	
	
	
	

	CVVH
	3
	56,66,69
	-
	-
	-1.85 (-3.59 - -0.11)
	Z=2.08 (p=0.04)
	64

	Hemoperfusion - Endotoxin removal
	4
	34,48,52,58
	-
	-
	-0.76 (-2.69 -1.17)
	Z=0.77 (p=0.44)
	74

	Hemoperfusion - CytoSorb
	1
	62
	-
	-
	0.60 (-4.92 - 6.12)
	Z=0.21 (p=0.83)
	-

	Hemoperfusion - Non-specific adsorption
	2
	39,40
	-
	-
	-1.85 (-3.98 - 0.29)
	Z=1.69 (p=0.09)
	72

	
	
	
	
	
	
	
	





Supplemental Table 3: Risk of Bias Assessment
	Author, Year, Journal
	Industry Sponsored
	Random Sequence Generation
	Allocation Concealment
	Blinding of participants & Personnel
	Blinding of outcome
	Incomplete outcome data
	Selective reporting
	Other bias

	Busund, 2002, ICM
	Not Described
	 (
+
)
	2 stage block randomisation
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Only outcome mortality
	 (
+
)
	Minimal loss
	 (
+
)
	Primary outcome as planned plus additional post-hoc only reported
	 (
-
)
	Poorly matched groups with higher age & mechanical ventilation in control

	Cantaluppi, 2008, ICM
	No
	 (
?
)
	Not described
	 (
+
)
	Described as opaque sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	Minimal loss & exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
-
)
	Higher rates of RRT in control group 3 vs 1

	Chung, 2017, Crit Care
	No
	 (
?
)
	Not described
	 (
+
)
	Centralised with allocation by telephone
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	4 subjects who withdrew were excluded from primary analysis but included in secondary
	 (
+
)
	Outcomes reported
	 (
-
)
	CVVH or haemodialysis used for controls 

	Cole, 2002, CCM
	Yes
	 (
+
)
	Random number table based on SAPS score
	 (
+
)
	Stored in opaque sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Cruz, 2009, JAMA
	Yes
	 (
+
)
	Computer generated
	 (
+
)
	Stored in sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Dellinger, 2018, JAMA
	Yes
	 (
+
)
	Centralised web-based program
	 (
+
)
	Centralised web-based program blocks of 2 & 4
	 (
+
)
	Sham haemoperfusion with questionnaire
	 (
+
)
	Investigators blinded
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported although majority in supplementary material
	 (
-
)
	Sham machine recirculated saline only so easily distinguished.

	Guo, 2017, Int J Artif Organs
	No
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Han, 2011, CCCM
	Not described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Hassan, 2013, EXCLI J
	No
	 (
+
)
	Random number generator software
	 (
+
)
	Random number generator software
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
-
)
	No data loss reported but excluded 3 patients who died in the first 8hrs
	 (
+
)
	Outcomes reported
	 (
-
)
	Compared CVVH with CVVH and perfusion

	Hawchar, 2019, J Crit Care
	No
	 (
-
)
	Block randomisation by study author who was also involved in recruitment
	 (
+
)
	Sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
-
)
	Dialysis performed on patients in control group 

	Huang, 2010, TAD
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Huang, 2013, TAD
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Jing, 2015, Eur Rev Med Pharmacol Sci
	No
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
-
)
	Data loss seen and not explained in P[A-a]DO2 results
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Livigni, 2013, BMJOpen
	Yes
	 (
+
)
	Electronic case registration form 
	 (
+
)
	Electronic case registration form
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported, exclusions identified
	 (
+
)
	Outcomes reported
	 (
-
)
	Enrolment errors, protocol change

	Meng, 2016, Biomed Res Int
	No
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
-
)
	Exclusions accounted for although this involved excluding those who died within 48hrs of recruitment 
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Nakamura, 1999, Inflam Res
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Nakamura, 2001, Clin Intensive Care
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Nakamura, 2002, ASAIO
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Nakamura, 2002, ASAIO
	Not described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
-
)
	Performed in haemodialysis patients 

	Nakamura, 2003 Nephron Clin Pract
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
+
)
	Pathologists blinded
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Nakamura, 2003, J Hosp Infection
	Not Described
	 (
?
)
	Not described
	 (
+
)
	Sealed envelopes
	 (
-
)
	No sham machine
	 (
+
)
	Blinding reported
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Nakamura, 2004, ICM
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Nemoto, 2001, Blood Purification
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Payen, 2009, CCM
	Yes
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	Cytokine analysis only in 2 centres

	Payen, 2015, ICM
	Yes
	 (
+
)
	Centralised system
	 (
+
)
	Centralised system
	 (
-
)
	No sham machine
	 (
+
)
	Analysis blinded
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Peng, 2005 Burns
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Peng, 2010, IJAO
	No
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Quenot, 2015, ICM
	Yes
	 (
+
)
	Randomisation table
	 (
+
)
	Sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Reinhart, 2004, CCM
	Yes
	 (
+
)
	Block randomisation
	 (
?
)
	Sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
-
)
	Protocol change to sicker patients, 1 randomisation error

	Sander, 1997, ICM
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Schadler, 2017 PLOS One
	Yes
	 (
+
)
	Block randomisation
	 (
-
)
	Sealed envelopes but multiple violations
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Shum, 2014, IJCCM
	No
	 (
+
)
	Computer generated block randomisation
	 (
+
)
	Sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
-
)
	66% of control group underwent haemofiltration

	Srisawat, 2018, Crit Care
	Yes
	 (
+
)
	Block randomisation
	 (
+
)
	Concealed although not clarified
	 (
-
)
	No sham machine
	 (
+
)
	Investigators blinded
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
-
)
	Higher use of real replacement therapy in treatment group

	Suzuki, 2002, Ther Apher
	Not described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
-
)
	Compares CVVH and CVVH with perfusion 

	Vincent, 2005, Shock
	Yes
	 (
?
)
	Not described
	 (
+
)
	Sealed envelopes
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	Exclusions accounted for
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Wang, 2009, CCCM
	Not described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Xu, 2014, Burns Trauma
	No
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	

	Zheng, 2017, Exp Ther Med
	Not described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
-
)
	Compares CVVH and CVVH with perfusion 

	Zu, 2015, Cell Biochem
	Not Described
	 (
?
)
	Not described
	 (
?
)
	Not described
	 (
-
)
	No sham machine
	 (
?
)
	Not described
	 (
+
)
	No data loss reported
	 (
+
)
	Outcomes reported
	 (
+
)
	


Supplemental Table 4: GRADE Assessment
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Blood Purification
	Control
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Hemofiltration

	14 
	randomised trials 
	very serious a
	not serious 
	not serious 
	not serious 
	none 
	93/401 (23.2%) 
	133/385 (34.5%) 
	OR 0.56
(0.40 to 0.79) 
	117 fewer per 1,000
(from 171 fewer to 51 fewer) 
	⨁⨁◯◯
LOW 
	CRITICAL 

	Endotoxin Removal

	17 
	randomised trials 
	very serious a
	not serious 
	not serious 
	not serious 
	publication bias strongly suspected b
	244/700 (34.9%) 
	284/663 (42.8%) 
	OR 0.40
(0.23 to 0.67) 
	198 fewer per 1,000
(from 281 fewer to 94 fewer) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Non-Specific Adsorption

	3 
	randomised trials 
	very serious a
	not serious 
	not serious 
	not serious 
	none 
	22/59 (37.3%) 
	33/51 (64.7%) 
	OR 0.32
(0.13 to 0.82) 
	277 fewer per 1,000
(from 455 fewer to 47 fewer) 
	⨁⨁◯◯
LOW 
	CRITICAL 

	CytoSorb

	2 
	randomised trials 
	very serious a
	serious c
	not serious 
	serious c
	publication bias strongly suspected b
	17/57 (29.8%) 
	11/60 (18.3%) 
	OR 0.99
(0.07 to 13.42) 
	1 fewer per 1,000
(from 168 fewer to 567 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	CPFA

	2 
	randomised trials 
	very serious a
	not serious 
	not serious 
	not serious 
	none 
	46/102 (45.1%) 
	54/105 (51.4%) 
	OR 0.50
(0.10 to 2.47) 
	168 fewer per 1,000
(from 419 fewer to 209 more) 
	⨁⨁◯◯
LOW 
	CRITICAL 

	Combined CVVH and adsorption

	2 
	randomised trials 
	very serious a
	not serious 
	not serious 
	not serious 
	none 
	9/20 (45.0%) 
	10/20 (50.0%) 
	OR 0.71
(0.13 to 3.79) 
	85 fewer per 1,000
(from 385 fewer to 291 more) 
	⨁⨁◯◯
LOW 
	

	Plasma Exchange

	1 
	randomised trials 
	very serious a
	not serious 
	not serious 
	serious d
	none 
	18/54 (33.3%) 
	28/52 (53.8%) 
	OR 0.43
(0.20 to 0.94) 
	204 fewer per 1,000
(from 349 fewer to 15 fewer) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 


CI: Confidence interval; OR: Odds ratio
Explanations
a. All unblinded 
b. Large number of trials industry sponsored 
c. Even result split between trials 
d. Single trial only 




Supplemental Table 5: PRISMA Checklist

	Section/topic 
	#
	Checklist item 
	Reported on page # 

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review, meta-analysis, or both. 
	1

	ABSTRACT 
	

	Structured summary 
	2
	Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number. 
	2-3

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of what is already known. 
	4

	Objectives 
	4
	Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 
	4

	METHODS 
	

	Protocol and registration 
	5
	Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number. 
	5

	Eligibility criteria 
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale. 
	5-6

	Information sources 
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. 
	5

	Search 
	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 
	5

	Study selection 
	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 
	5-6

	Data collection process 
	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators. 
	6

	Data items 
	11
	List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 
	6

	Risk of bias in individual studies 
	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
	7-8

	Summary measures 
	13
	State the principal summary measures (e.g., risk ratio, difference in means). 
	7-8

	Synthesis of results 
	14
	Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis. 
	8

	Risk of bias across studies 
	15
	Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 
	7

	Additional analyses 
	16
	Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified. 
	8-9

	RESULTS 
	

	Study selection 
	17
	Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram. 
	10

	Study characteristics 
	18
	For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 
	10

	Risk of bias within studies 
	19
	Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 
	14

	Results of individual studies 
	20
	For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
	11-12

	Synthesis of results 
	21
	Present results of each meta-analysis done, including confidence intervals and measures of consistency. 
	11-13

	Risk of bias across studies 
	22
	Present results of any assessment of risk of bias across studies (see Item 15). 
	14

	Additional analysis 
	23
	Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 
	13

	DISCUSSION 
	

	Summary of evidence 
	24
	Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers). 
	15-17

	Limitations 
	25
	Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 
	17

	Conclusions 
	26
	Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
	18

	FUNDING 
	

	Funding 
	27
	Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. 
	19



