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AKI		Acute Kidney Injury
AMSTAR		Assessing the Methodological Quality of Systematic Reviews
AUC		Area under the Curve
CI		Confidence Interval
Clr		Clearance
CKD		Chronic Kidney Disease
CRRT		Continuous Renal Replacement Therapy
CVVHD		Continuous venovenous hemodialysis
CVVH		Continuous venovenous hemofiltration
RBC		Red Blood Cell
FST		Furosemide Stress Test
HV		High Volume
IHD		Intermittent hemodialysis
IHF		Intermittent hemofiltration
KDIGO		Kidney Disease Improving Global Outcomes
LMWH		Low Molecular Weight Heparin
LV		Low Volume
n.a.		not applicable
US		Newcastle Ottawa Scale for non-randomized studies
OR		Odds Ratio
OT		Observational Trial
PEO		Patients – Interventions – Outcomes (no comparator)
PICO		Patients – Interventions – Comparison – Outcomes
PK/PD		Pharmakokinetic/Pharmacodynamic
RCT		Randomized Controlled Trial
REV		Review
ROB		Risk of Bias
RR		Risk Ratio
RRT		Renal Replacement Therapy
RT		Retrospective Trial
SAE/AE		Serious Adverse Events/Adverse Events
SLED		Sustained Low Efficient Dialysis
SR		Systematic Review
TDM		Therapeutic Drug Monitoring
UFH		Unfractionated Heparin
UO		Urine Output
Vd		Volume of distribution

Database search 
databases:	 	Scopus, PubMed and Cochrane
exclusion: 		children
years: 			2002 – 2023
language: 		english, german



[bookmark: _Toc209691404]Start of Renal Replacement Therapy
PICO questions
	P
	In critically ill patients with AKI and RRT

	I 



	Does early initiation of RRT improve outcomes in terms of
    a) mortality
    b) renal recovery
Does early use of RRT  reduce the rate of RRT-associated complications 

	C
	Compared to late use

	O
	mortality, renal recovery, SAE/AE


PIO questions
	P
	In critically ill patients with AKI and RRT

	I
	3 What are absolute and relative indications for initiation?
4 What is the predictive value of the furosemide stress test (FST) in determining the indication for initiating RRT?
5 What role do new renal biomarkers play in the indication for RRT?

	O
	mortality, renal recovery, SAE/AE




PICO Search Terms
	Patient
	Intervention 
	Comparison
	Outcome

	critical care
critically ill
intensive care
	renal replacement therapy
dialysis
hemofiltration
hemodiafiltration
	standard of care
	recovery of renal function

	acute kidney injury
acute renal failure
	start
early
beginning
delayed
timing
	
	duration of RRT
mortality

	
	
	
	


Database Search string
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (acute kidney injury OR acute renal failure) 
AND (critical care OR intensive care OR critically ill) 
AND NOT[TI] pediatric OR neonates OR children
AND (timing OR early OR delayed OR start OR beginning OR late) 




[bookmark: _Toc209691405]PRISMA start
Screening
Included
Eligibility
Identification
Records identified through Cochrane (n = 431 )
Off topic (n = 1370)
Full-text articles assessed for eligibility (n = 104)
Non-controlled trials(n = 63)
RCTs(n =19 )
Systematic Reviews (n = 16)
Meta-analysis (n=4)
Cochrane Review (n =2)
Records identified through Scopus searching(n = 523 )
Narrative Reviews, editorials, notes excluded (n = 50)
Records identified through PubMed (n = 720)
Records after duplicates removed(n = 1524)
Records screened(n = 154)
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[bookmark: _Toc209691407]Risk of Bias: Trials Start
	
	Random sequence  generation (selection bias)
	Allocation concealment (selection bias)
	Blinding of participants and personnel (performance bias)
	Blinding of Outcome assessment (detection bias)
	Incomplete Outcome data (attrition bias)
	Selective Reporting (Reporting bias)
	Other bias

	Bouman 2002 (28)
	+
	+
	?
	+
	+
	+
	?

	Sugahara 2004 (202)
	?
	?
	?
	+
	-
	+
	?

	Forest 2015 (224)
	+
	+
	?
	+
	+
	+
	+

	Gaudry 2016 (75)
	+
	+
	?
	+
	+
	+
	+

	Zarbock 2016 (245)
	+
	+
	?
	+
	+
	+
	+

	Lumlertgul 2018 (128)
	+
	+
	?
	+
	+
	+
	+

	Srisawat 2018 (196)
	+
	+
	?
	+
	+
	+
	+

	Barbar 2018 (19)
	+
	+
	?
	+
	+
	+
	+

	Bagshaw 2020 (17)
	+
	+
	?
	+
	+
	+
	+

	Gaudry 2021 (74)
	+
	+
	?
	?
	+
	+
	+


[bookmark: _Toc209691408]RCTs: mortality
	Study
	Design
	N
	Setting
	Definition of randomization groups
	Primary outcome: mortality
	Patients with RRT
	Mortality
	RRT modality 
	Notes

	Bouman 2002 (28)
	RCT
2 Centers
	106
	mixed
	early: within 12 hours after meeting the following criteria:
urine excretion <30ml/h for 6h and creatinine clearance <20ml/min
late: BUN > 40mmol/L, potassium >6.5mmol/L or severe pulmonary edema
	28d
	early: 70/70 (100%)
late: 30/36 (83.3%)
	early: 20/70 (28.6%)
late: 9/36 (25.0%)
	LVHF
	

	Sugahara 2004 (202)
	RCT
mono
	28
	surgical
	early: Urine output <30ml/h in 3h or <750ml in 24h
late: Urine output < 20ml/hin 2h or <500ml in 24h
	14d
	100%, patients without RRT were excluded
	early: 2/14 (14.3%)
late: 12/14 (85.7%)
	CRRT
	

	Forest 2015 (224)
	RCT
multi
	100
	mixed
	early: min 2 of the following criteria: 2-fold creatinine increase, RO < 6ml/kg in 12h, NGAL ≥400ng/ml
late: severe hyperkalemia (>6mmol/l), severe pulmonary edema, severe metabolic acidosis (bicarbonate <10mmol/l)
	90d
	Q: 48/48 (100%)
late:33/52 (63%))
	early: 18/48 (37.5%)
late: 19/52(36.5%)
	HVHF, CRRT, PIRRT, IHD
	

	Gaudry 2016 (75)
	RCT
multi
	619
	mixed
	early: KDIGO3 (within 6h)
late: severe hyperkalemia (>6mmol/l), severe diuretic-refractory pulmonary edema, severe acidosis (pH<7.15), urea >40mmol/l, oligo-/anuria > 72h
	60d
	early: 305/311 (98.1%)
late: 157/308 (51.0%)
	early: 150/311 (48.5%)
late: 153/308 (49.7%)
	CRRT, IHD
	

	Zarbock 2016 (245)
	RCT
mono
	231
	mixed
	early: KDIGO2 and pNGAL >150ng/ml (within 8h)
late: within 12h after KDIGO stage 3 and pNGAL >150ng/ml
	90d
	early: 112/112 (100%)
late: 108/119 (90.8%)
	early: 44/112 (39.3%)
late: 65/119 (54.7%)
	CRRT
	

	Lumlertgul 2018 (128)
	RCT
multi
	118
	mixed
	early: AKI (at any stage) and lack of response to the FST (within 6 hours)
late: only if one of the following criteria is present: BUN ≥100mg/dl, potassium >6mmol/l, bicarbonate <12mmol/l, pH <7.15, PaO2/FiO2 <200, severe pulmonary oedema
	28d
	early: 57/58 (98.3%)
late: 45/60 (75%)
	early: 36/58 (62.1%)
late: 35/60 (58.3%)
	CRRT, IHD, PIRRT
	

	Srisawat 2018 (196)
	RCT
2 Centers
	40
	mixed
	early: AKI, every RIFLE stage
late: severe metabolic acidosis (pH<7.20), potassium >6.2mmol/l, severe diuretic-resistant pulmonary edema, persistent oliguria or anuria, urea >40mg/dl
	28d
	Q: 20/20 (100%)
late: 12/20 (60%)
	early: 10/20 (50.0%)
late: 9/20 (45.0%)
	CRRT
	

	Barbar 2018 (19)
	RCT
multi
	488
	septic shock
	early: within 12h to RIFLE-F
late: severe hyperkalemia (K>6.5mmol/l), severe diuretic-resistant pulmonary edema, severe metabolic acidosis (pH <7.15), no renal recovery after 48h 
	90d
	early: 239/246 (97.2%)
late: 149/242 (61.6%)
	early: 138/239 (57.7%)
late: 128/238 (53.8%)
	CRRT, PIRRT, IHD
	

	Bagshaw 2020 (17)
	RCT
multi
	2927
	mixed
	early: 2-fold increase in creatinine from baseline, urine output <6mmol/kg in 12h
late: min 1 of the following criteria: potassium >6mmol/l, pH<7.20, bicarbonate ≤12mmol/l, PaO2/FiO2 <200 AND fluid overload, persistent AKI for min 72h after randomization 
	90d
	early: 1418/1465 (96.8%)
late: 903/1462 (61.8%)
	early: 643/1465 (43.9%)
late: 639/1462 (43.7%)
	CRRT, PIRRT, IHD
	CAVE: Late high crea levels!
CAVE: Clinical equipoise Bias

	Gaudry 2021 (74)
	RCT
multi
	278
	mixed
	inclusion of critically ill patients with severe AKI (KDIGO 3) and oliguria for >72h or BUN >112mg/dl.
late: immediate inclusion
very late: RRT only if hyperkalemia or severe metabolic acidosis or pulmonary edema or BUN ≥ 140mg/dl
	days between Rando and d28 (alive+ without RRT)
	W: 134/137 (98.0%)
late: 111/141 (78.7%)
	Day 28
late: 52/137 (38%)
very late: 63/141 (45%)
Day 60
LATE: 60/137 (44%)
Very late: 77/141 (55%)
	CRRT, IHD
	got RRT:
late: 134/137 (98%)
very late: 111/141 (79%)
modality :
late: 39% CRRT, 60% IHD
Very late: 40% CRRT, 58% IHD

	Result 
	10 RCTs
	4935
	Mostly mixed
	early RRT (currently KDIGO3) does not reduce patient mortality compared to late use (KDIGO3 plus clinical indication or longer-lasting KDIGO3)
very late use of RRT appears to increase mortality at day 60 (AKIKI2)
CAVE: considerable differences in the definition of the groups!
CAVE: significant differences in modalities
CAVE: differences in the primary objective criteria
	OR 1.04
95%CI 
(0.92-1.16) p=0.53

without 
Gaudry 2021

	Modality  mixed
	GRADE
mortality ⊕⊕⊕⊝ moderate evidence 
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	Design
	Included studies (n)
	Mortality
early vs. late
	I2
	AMSTAR

	Karvellas 2011 (103)
	SR
	15 (2 RCT, 4 OT, 9RT)
	28d: GOLD 0.45 (95% CI, 0.28-0.72)
	78%
	Critically low

	Liu 2014 (125)
	SR
	11 (2 RCT, 9 RT)
	28d: OR 0.29 (95% CI, 0.16-0.52)
	56%
	Critically low

	Wang 2016 (227)
	SR
	12
	OR 0.78 (95% CI, 0.52-1.19)
	67%
	Critically low

	Wierstra 2016 (230)
	SR
	9
	OR 0.67 (95% CI, 0.38-1.15)
	84%
	Critically low

	Feng 2017 (64)
	SR
	9 RCT
	RR: 0.93 (95% CI, 0.74-1.18)
	57%
	Critically low

	Xu 2017 (236)
	SR
	6
	RR 0.93 (95% CI, 0.68-1.26)
	65%
	Critically low

	Yang 2017 (239)
	SR
	9 RCTs
	RR 0.98 (95% CI, 0.78-1.23)
	60%
	Critically low

	Fayad 2018 (63)
	Cochrane
	5
	30d: RR 0.83 (95% CI, 0.61-1.13)
	52%
	High

	Broom 2019 (21)
	SR
	62 (11 RCT, 51 OT/RT)
	RCTs: OR 0.78 (95% CI, 0.52-1-19)
OTs: OR 0.69 (95% CI, 0.49-0.96)
RT: OR 0.61 (95% CI, 0.41-0.92)
	RCT 63%
OT 86%
RT 91%
	Critically low

	Chaudhuri 2019 (34)
	SR
	7 RCTs
	28d: GOLD 0.90 (95% CI, 0.70-1.15)
	10%
	Critically low

	Read 2019 (119)
	SR
	5
	28d: GOLD 0.76 (95% CI, 0.58-1.00)
90d: OR 0.79 (95% CI, 0.59-1.06)
	76%
	Critically low

	Pasin 2019 (154)
	SR
	10 RCTs
	OR 0.99 (95% CI, 0.66-1.50)
	74%
	Critically low

	Xiao 2019 (234)
	SR
	11
	RR 0.99 (95% CI, 0.84-1.17)
	44%
	Critically low

	Gaudry 2020 (73)
	SR
	10
	28d: RR 1.01 (95% CI, 0.91-1.13)
	0%
	Low

	Zhang 2020 (248)
	SR
	18 RCTs
	RR 0.98 (95% CI, 0.89, 1.08)
	2%
	Critically low

	Bhatt 2021 (22)
	SR
	14 RCTs
	Total: RR 0.99 (95% CI, 0.89-1.10)
d30: RR 1.00 (95% CI, 0.91-1.09)
d90: RR 1.00 (95% CI, 0.88-1.13)
	O: 36%
D30: 15%
D90: 44%
	Low

	Li 2021 (118)
	SR
	11
	28d: RR 1.01 (95% CI, 0.94-1.09)
90d: RR 1.02 (95% CI, 0.92-1.13)
	28d: 0%
90d: 37%
	Critically low

	Naorungroj 2021 (142)
	SR
	8 RCTs
	28d: RR 1.01 (95% CI, 0.94-1.09)
	0%
	Critically low

	Pan 2021 (149)
	SR
	10 RCTs
	OR -0.04 (95% CI, -0.16-0.07)
	59%
	Low

	Fayad 2022 (62)
	Cochrane
	12 RCTs
	30d: RR 0.97 (95% CI, 0.87-1.09)
	29%
	High

	Li 2022 (120)
	SR
	15 RCTs
	28d: RR 1.01 (95 CI, 0.94-1.08)
60d: RR 1.00 (95% CI, 0.91-1.11)
90d: RR 1.01 (95% CI, 0.94-1.08)
	28d: 0%
60d: 11%
90d: 36%
	Critically low

	Result
	20 SR
2 Cochrane
	
	2 SR (and limited Besen 2019) showed survival advantage, 18 SR showed no advantage
	High heterogeneity
	GRADE ⊕⊕⊕⊝ evidence moderate 
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	Definition renal recovery
	renal recovery
early vs. late
	I2

	Karvellas 2010 (102)
	RRT independency
	OR 0.62 (95% CI, 0.34-1.13)
	70%

	Liu 2014 (125)
	n.a.
	n.a.
	n.a.

	Wang 2016 (227)
	n.a.
	n.a.
	n.a.

	Wierstra 2016 (230)
	n.a.
	n.a.
	n.a.

	Feng 2017 (64)
	n.a.
	n.a.
	n.a.

	Xu 2017 (236)
	n.a.
	n.a.
	n.a.

	Yang 2017 (239)
	Renal function recovery
	RR 1.02 (95% CI, 0.88-1.19)
	59%

	Fayad 2018 (63)
	renal recovery
	RR 0.83 (95% CI, 0.66-1.05)
	54%

	Broom 2019 (21)
	recovery criteria of each study
	RR 1.01 (95% CI, 0.98-1.04)
	22%

	Chaudhuri 2019 (34)
	n.a.
	n.a.
	n.a.

	Read 2019 (119)
	n.a.
	n.a.
	n.a.

	Pasin 2019 (154)
	n.a.
	n.a.
	n.a.

	Xiao 2019 (234)
	Renal function recovery
	RR 1.02 (95% CI, 0.97-1.07)
	32%

	Gaudry 2020 (73)
	n.a.
	n.a.
	n.a.

	Zhang 2020 (248)
	Dialysis independency
	RR 0.75 (95% CI, 0.47-1.20)
	0%

	Bhatt 2021 (22)
	n.a.
	n.a.
	n.a.

	Li 2021 (118)
	n.a.
	n.a.
	n.a.

	Naorungroj 2021 (142)
	n.a.
	n.a.
	n.a.

	Pan 2021 (149)
	RRT independency
	OR -0-03 (95% CI, -0.14-0.09)
	51%

	Fayad 2022 (62)
	recovery of kidney function
	RR 1.07 (95% CI, 0.94-1.22)
	55%

	Li 2022 (120)
	n.a.
	n.a.
	n.a.

	Result
	Definitions heterogeneous
8/21 SR analyzed renal recovery
	no SR showed significant benefits at early start for renal recovery
	High heterogeneity

	GRADE renal recovery ⊕⊕⊝⊝ evidence Low
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	Studies
	Design
	N
	Setting
	Dialysis-free
Day 28
	Dialysis-free
Day 60
	Dialysis-free
Day 90
	Other definition

	Bouman 2002 (28)
	RCT
2 Centers
	71
	mixed
	F. 38/39 (97.4%)
late: 22/22 (100%)
	
	
	

	Sugahara 2004 (202)
	RCT
mono
	28
	surgical
	
	
	
	day 14 (recovery from dialysis): 
early: 10/12 (83.3%)
late: 2/2 (100%)

	Forest 2015 (224)
	RCT
multi
	100
	mixed
	
	
	Q: 48/48 (100%)
late: 50/52 (96.2%)
	

	Gaudry 2016 (75)
	RCT
multi
	619
	mixed
	early: 157/179 (87.7%)
late: 161/178 (90.4)
	early: 154/157 (98.1%)
late: 147/155 (94.8%)
	
	

	Zarbock 2016 (245)
	RCT
mono
	231
	mixed
	
	
	early: 60/112 (88.2%)
late: 46/119 (38.7%)

	

	Lumlertgul 2018 (128)
	RCT
multi
	118
	mixed
	early: 51/58 (87.9%)
late: 50/60 (83.3%) 
	
	
	

	Srisawat 2018 (196)
	RCT
2 Centers
	40
	mixed
	early: 21/22 (95.5%)
late: 19/25 (76.0%
	
	
	

	Barbar 2018 (19)
	RCT
multi
	488
	septic shock
	early: 117/134 (87%)
late: 123/140 (88%)
	
	early: 99/101 (98%)
late: 107/110 (97%)
	

	Bagshaw 2020 (17)
	RCT
multi
	2927
	mixed
	
	
	early: 729/814 (89%)
late: 766/815 (94%)
	reduction <25% of baseline GFR at d90
early: 264/403 (65.5%)
late: 255/427 (59.7%)

	Gaudry 2021 (74)
	RCT
multi
	278
	mixed
	early: 72/85 (84.7%)
late:  71/78 (91.0%)
	late: 74/77 (96.1%)
very late: 63/64 (98.4%)
	
	

	Result 
	10 RCTs
	4900
	mostly mixed
	early: 456/503
late: 446/517

OR 0.96, 95%CI 0.65-1.40, P=0.816

	early: 228/234
late: 210/219

OR 1.63, 95%CI 0.57-4.65, P=0.36

	early: 936/1075
late: 969/1096

OR 0.88, 95%CI 0.68-1.14, P=0.34

	GRADE 
renal recovery ⊕⊕⊝⊝ evidence Low





[bookmark: _Toc180402946][bookmark: _Toc209691412]Furosemide Stress Test: PRISMA chart
Records identified through PubMed searching (n = 76)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching (n =  14)
Records after duplicates removed(n = 96)
Records screened (n = 19)
Off topics (n = 77)
Full-text articles assessed for eligibility (n = 8)
Non-controlled trials (OT n = 4)
(RT n = 1)
RCTs (n = 2)
Systematic Reviews 
(n=1)
Cochrane Review (n = 0)
Records identified through Scopus searching (n =  42)
Reviews, publishers
(n = 11)

[bookmark: _Toc180402947][bookmark: _Toc209691413]Trial evidence: Furosemide Stress Test 
Abbr.: AUC: Area Under the Curve, UO: Urine Output, FST: Furosemide Stress Test, spec.: specificity, Sens: sensitivity, NOS: Newcastle Ottawa Scale, ROB: Risk OF Bias

	Study
	Design
	N
	AUC
	Sensitivity/specificity
KDIGO3 Prediction
	Outcome
	ROB/US
	Notes

	Chen 2020 (36)
	SR
	1366
	
	Sens: 0.84 (95% CI 0.72–0.91) 
Spec. 0.77 (95% CI 0.64–0.87)
	AUC for AKI 0.81 (95% CI 0.74–0.87) 
AUC for RRT 0.88 (95% CI 0.82–0.92)
	See AMSTAR chart
	7 trials included

	Lumlertgul 2018 (128)
	RCT
	118
	
	FST neg 118: 
- 58 early RRT
- 60 late RRT

	28-d mortality 
early: 36/58 (62.1%)
late: 35/60 (58.3%)
p=0.68
	5/6 ROB2
	in case of negative FST, always RRT
62.1 vs 58.3% p=0.68, ns

	Zhang 2023 (247)
	RCT
	187
	RRT AUC 0.966
	FST++ 18/48 (37.5%)  RRT
FST-- 124/139 (89.2%)  RRT
	
	9/9 US
	

	Chawla 2013 (35)
	OT
	77
	KDIGO3 AUC 0.87
	2h UO 200 ml
Sens 87.1%
Spec 84.1%
	
	9/9 US
	77 pooled with KDIGO3 retrospective and prospective cohort

	Koyner 2015 (111)
	OT
	77
	RRT prediction
AUC 0.87
P=0.001
	
	2h UO after FST better than urine biomarkers to predict KDIGO3 (P,0.05).
	9/9 US
	biomarker

	Rewa 2019 (171)
	OT
	92
	KDIGO3 AUC 0.87
	2h UO 200 ml
Sens 73.9%
Spec 90.0%
	
	9/9 US
	

	Bolgiaghi 2021 (23)
	OT
	40
	
	FST -- 190 [175- 250]ml/2h
FST++ 1225 [1000-1800] ml/2h	
	Correlation of Renal Index and FST
	8/9 US
	

	Pon 2021 (160)
	OT
	80
	KDIGO3 AUC 0.89
	300 ml 2h FST
Sens 82.1%
Spec 82.7%
	
	n.a.
	

	Fox ,Decleene 2023 (68)
	OT
	225
	
	FST++ 88/225 (39.1%)
	MAP >75 mmHg 60/104 (57.7%) FST++
MAP < 75 mmHg 28/121 (23.1%) FST++ 
OR 4.53, 95% CI, 2.55-8.74, P < 0.001 with vasopressors: 30.4% vs 68.2%, p = 0.026
	9/9 US
	MAP <75 mmHg OR 4.53, 95% CI, 2.55-8.74, P < 0.001, hypotension correlated with FST

	Meersch 2023 (134)
	OT
	208
	AUC for RRT:
FST alone 0.78 (0.74 – 0.85)
	FST– 108
FST++ 100
	
	9/9 US
	Combination of FST with CCL14 for RRT Prediction
AUC for RRT: 
FST+CCL14 0.8

	Su 2024 (201)
	RT
	499
&
3188
	AUC RRT 0.81
AUC RRT 0.59
	
	
	good 
	Cardiac Surgery
2 Cohorts analyzed
FST increases RRT prediction 

	Sakhuja 2019 (179)
	RT
	687
	RRT AUC 2h FST 0.71
RRT AUC 6h FST 0.67 p=.02)
	300 ml 6h FST
Sens 64.2%
Spec 68.2
	
	good 
	Retrospective from Charts
6h AUC was better than 2h FST to predict RRT

	Matsuura 2018 (132)
	RT
	95
	KDIGO3 AUC 0.84
	
	
	good 
	18/95 developed post surgery KDIGO3

	Result
	2 RCT
8 OT
2 RT
	FST to KDIGO3 and RRT Prediction: GRADE renal recovery ⊕⊕⊝⊝ evidence low
FST AUC for KDIGO 0.84-0.89
FST AUC for RRT 0.79-0.96
Sensitivity of FST 64.2 – 87.1% for KDIGO3 prognosis, specificity of FST 68.2 – 90.0% for KDIGO3 prognosis


[bookmark: _Toc180402948][bookmark: _Toc209691414][bookmark: _Toc176523005][bookmark: _Toc176523067][bookmark: _Toc177042391][bookmark: _Toc177042532][bookmark: _Toc177044144][bookmark: _Toc177045353][bookmark: _Toc180137453][bookmark: _Toc180137594][bookmark: _Toc180402808][bookmark: _Toc180402949][bookmark: _Toc189302324][bookmark: _Toc189302465][bookmark: _Toc189569978][bookmark: _Toc193098717][bookmark: _Toc206496085][bookmark: _Toc206497381][bookmark: _Toc206505986][bookmark: _Toc206508393]Diffusion / convection 
[bookmark: _Toc180402952]PICO Questions
	P
	In critically ill patients with AKI and RRT

	I 

	Does convection lead to improved outcomes compared to diffusion
Does the combination of convection and diffusion lead to improved outcomes

	C
	compared to diffusion or convection alone?

	O
	mortality, renal recovery, hemodynamic stability, filter life, SAE/AE


[bookmark: _Toc180402953]PIO Questions
	P
	In critically ill patients with AKI and RRT

	I
	Do certain patient groups (sepsis, intracranial pressure, rhabdomyolysis, etc.) benefit more or less from convection vs. diffusion or the combination?

	O
	mortality, renal recovery, hemodynamic stability, filter life, SAE/AE


[bookmark: _Toc180402954] PICO search terms
	Patient
	Intervention 
	Comparison
	Outcome

	critical care
critically ill
intensive care
	filtration
convection
	dialysis
diffusion
	recovery of renal function
duration of RRT
mortality
SAE/AE
hemodynamic stability

	acute kidney injury
acute renal failure
	
	
	

	
	
	
	

	renal replacement therapy
dialysis, hemofiltration, hemodiafiltration
	
	
	


[bookmark: _Toc180402956]


Database Search string
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (acute kidney injury OR acute renal failure) 
AND (critical care OR intensive care OR critically ill) 
AND (dialysis OR diffusion OR hemodialysis) 
AND (filtration OR convection OR hemofiltration OR hemodiafiltration) AND NOT[TI] pediatric OR neonates OR children OR infants 

[bookmark: _Toc180402957][bookmark: _Toc209691415]PRISMA Chart: Diffusion vs convection 
Records identified through PubMed searching (n=432)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching 
(n = 222)
Records after duplicates removed 
(n = 774)
Records screened
 (n = 120)
Off topic 
(n = 654)
Full-text articles assessed for eligibility (n = 82
Non-controlled trials 
(observational n = 27)
(retrospective = 15)
RCTs (n = 37)
Systematic Reviews (n = 3)
Records identified through Scopus searching 
(n = 248)


Pediatric, narrative Reviews unfinished studies excluded (n = 38)

[bookmark: _Toc180402958][bookmark: _Toc209691416]Systematic Reviews and AMSTAR2







	
	Design
	N
	RRT mode
	Outcome Parameter
	Variables
	Significance
	Note

	Zha 2019 (246)
	SR
	22 RCT
3360 patients
no blinding
	Different "blood purification methods" for sepsis-AKI
IHD, CVVH, CVVHDF, CVVHD, HV-CVVH, PMX, PMX+RRT (+adjuvant drugs e.g. AP)
	Survival rate
renal recovery
ICU-stay
	PRC vs no PRC
Comparing different RRT strategies
	OR 0.75
n.s.
	no significant differences between the different RRT strategies. no study comparing CVVH vs CVVHDF

	Snow 2021 (193)
	SR
	No diffusion vs convection
Not AKI – 
Non RRT
	"Blood purification" in sepsis
CVVH, Endotoxin removal, Nonspecific adsorption, Cytokine removal, CPFA, Combined CVVH and adsorption, Plasma exchange (PE)
	mortality
	Pooled Analysis
Trial sequential analysis
	OR 0.49 (p<0.001)

	Inadequate sample size to conclude a mortality benefit from extracorporeal blood purification in sepsis

	Côté 2022 (44)
	SR
	615 pat.
With ICU-AKI
	Diffuse vs Konv at ICU AKI
Intermittent IHF/IHDF vs IHD only
	mortality
renal recovery
Clearance

Hemodynamic stab.
Circuit loss
Inflammation
	ns
ns
small molecules conv.↓
ns
ns
not investigated
	RR 1.23
	no significant difference between intermittent. convective methods to intermittent. diffusive RRT 

	Result
	3 SR
	
	Data heterogeneous
	GRADE mortality 
⊕⊝⊝⊝ evidence very low
GRADE renal recovery 
⊕⊝⊝⊝ evidence very low


[bookmark: _Toc209691417][bookmark: _Toc180402959] Systematic Reviews: Diffusion and Convection



[bookmark: _Toc180402960][bookmark: _Toc209691418]Trial evidence: Diffusion vs Convection – RCTs from 2021
	
	Design
	Patients
	N
	RRT mode
	Outcome Parameter
	Result
	P-value
	ROB/NOS
	Note

	Abdelsalam 2021 (1)
	RT
	Chronic 
Dialysis
retrospective
	1115
	Intermittent 
HDF (n=215) vs. HD (n=900)
	S-PO4 
S-Ca
Kt/V
Hb
	↓ for HDF
↑ for HDF
↑ for HDF
↑ for HDF
	P<0.001
P<0.012
P<0.0001
P<0.024
	good 
	Additional convection in CHD improves dialysis goals

	Jang 2021 (93)
Jang ,Lee 2022 (94)

	RCT
	ICU patients with septic AKI
	100
	CVVHDF (n=49) vs CVVH (n=47)
same BF, same effluent
same baseline characteristics
	7-, 28-, and 60-day mortality
Reduction of Crea, HST, ß2-MG, APACHE II, SOFA
	no difference
no difference
	n.s.
n.s.
	abstract only
	With the same net effluent, CVVH and CVVHDF no difference in substance removal and survival

	Xu 2022 (235)
	RCT
	ICU patients

	60
	CVVHDF (n=30) vs. CVVH (n=30)
	Filter Life Span
Molecular solute clearance
    - Urea and creatinine
    - IL-6, ß2-MG, Myoglobin
    -TMP
	CVVH shorter
(8 p.m. vs. 37.5 p.m.)
no difference
↑ at CVVH
↑ at CVVH
	p=0.002
p>0.05
p<0.01
	ROB 3/6
	CVVHDF leads to longer filter life, with the same clearance of small molecules but lower clearance of medium molecules

	Mann 2023 (131)
	RCT
Quasi randomized by time blocks
	ICU patients with severe AKI III
	161
(591 Filter)
	CVVHD (n=67, 245 Filter) vs. predilution CVVH (n=94, 346 Filter)
	Filter Life Span
Numbers of Filters used
In hospital mortality
	CVVH shorter
(79% of CVVHD)
11.8% vs 21.2% ns
	p=0.02
n.s.
n.s.
	ROB 2/6
	CVVHF led to significantly shorter filter life time than CVVHD (diffusion)

	Result
	3 RCTs
1 RT
	
	
	
	
	
	ROB 2-3/6 available
GRADE SAE/AE ⊕⊕⊝⊝ evidence low


[bookmark: _Toc180402961][bookmark: _Toc209691419]Trial evidence: Intracranial Pressure and RRT
	
	Design
	N
	Patient cohort
	RRT mode
	Outcome 
	ROB
US
Bias --
	Notes

	Davenport 1989 (47)
	RCT
	7
	hepatic encephalopathy
	IHF vs CAVHF
	ICP IHF: 8.4 ±1.5 to 12.6±1.8 mmHg
ICP CAVH: 15.6 ±5.2 to 11.7±2.3 mmHg
	3/6 ROB
	

	Wu 2013 (233)
	RCT
	10
	ICB
	SLED vs CVVH
	but no difference between method p=0.46
	3&6 ROB
	ICP increase in both methods, 
Approx. 0.1% for CVVH, approx. 0.4% for SLED in the first 4 hours 

	Davenport 1993 (46)
	OT
	30
	hepatic encephalopathy
	IHF vs CVVH
	ICP IHF: const.
ICP CAVH: 15.6 ±5.2 to 11.7±2.3 mmHg
	5/9 US
	MAP decline in the first hour at IHF with a reduction in CPP 35 ±8%

	Ronco 1999 (177)
	OT
	12
	only AKI with RRT
	IHD vs CVVH
	IHD: gray matter 52.3 ±5.2 to 38.9 ±5.3    white matter von 36.7 ±3.5 to 24.8 ±3.2 Hounsfield units, average delta ‐26.7%
	6/9 US
	

	Johansen 2017 (98)
	OT
	12
	CKD patients
	Lowflux-IHD vs
Pre-IHDF
	MRI: no differences between procedures, Grey matter: HD: r2 = 0.83; HDF: r2 = 0.73, White matter: r2 = 0.02; HDF: r2 = 0.004
	4/9 US
	Total brain volume
IHD: +1.8 ± 1.7% (18.7 ± 17.4mL) 
Pre-IHDF: +2.0 ± 0.9% (22.3 ± 10.7 mL)

	Venkatasubba Rao 2018 (218)
	OT
	14
	CKD in general
	IHD
	osmolarity mean -6.4 mOsm/L
(SD 6.6) from pre- to post-dialysis and
VIPS edema index (E-Dex)  +9.7% (SD
12.9) p = 0.037).
	6/9 US
	Volumetric Integral Phase-shift
Spectroscopy (VIPS) to evaluate fluid shifts under HD: Osmo drops about 6-7 mmosmol/l during IHD

	Result
	2 RCT
4 OT

	Partly CKD patients
Heterogeneous techniques
Small collectives without control
	Data insufficient
GRADE ⊕⊝⊝⊝ evidence low


[bookmark: _Toc180402962][bookmark: _Toc209691420]Trial evidence: Rhabdomyolysis
	
	Design
	N
	RRT mode
	Myoglobin removal
	Outcome 
	ROB/US
Bias--
	Notes

	Peltonen 2007 (156)
	RCT
	16
	HDF FX100
	HDF 28.1% Myoglobin  removal, diuresis 14.2% P=0.001
	Plasma Myoglobin decrease, HDF; 9731 95% CI 3672-5345 µg/l
	3/6 ROB

	HDF (FX100) and forced diuresis eliminated more Myoglobin than forced diuresis alone (28.1 vs 14.2%)

	Potter 2013 (161)
	RCT
	38
	FX1000HDF
Pre + postHDF vs postHDF
	70.2+-3.6 vs 42.6% Myoglobin
Reduction ratio
	n.a.
	4/6 ROB

	Pre + postdilution was more effective than postdilution at Myoglobin  removal

	Kirsch 2017 (108)
	RCT
	39
	Medium cutoff filters vs highflux
	MCO: 58.7 (3.18) or 62.7(2.39) vs
19.9 (2.39) Highflux HD
35.6(2.46) HDF
	n.a.
	4/6 ROB
	CKD patients
MCO filter (HD general) removed Myoglobin more efficiently than high-flux

	Weidhase 2020 (229)
	RCT
	70
	HCO CVVHD
CVVHDF highflux
with RCA
	12h after RRT start 
HCO 8.3 median ml/ml
Highflux 2.3 median ml/ml
	ICU mortality 62.9 vs 30.3% in HCO arm (90d mortality ns)
AE ns
	0/6 ROB
	Better clearance at HCO CVVHD

	Sorrentino 2011 (194)
	OT
	6
	Extended single batch, highflux
	90.5 mL/min (52.4-126.3)
0.54 g/h (0.15-2.21)
	n.a.
	4/9 US
	

	Premru 2013 (162)
	OT
	18
	HCO HDF
	90-94 ml/min
Myoglobin RR 80%
	n.a.
	1/7 US
	Half of the Myoglobin removed in 3-5 hours, then only 7%/h

	Suzuki 2021 (204)
	RT
	12
	CVVHF
AN69, PMMA, PMMA high vol 
(300 ml/min QD)
	AN69 9.7 ml/min Myoglobin Clr; PMMA 13.7 ml/min
PMMA high volume 29.4 ml/min
	n.a.
	n.a.
	High flow CVVHDF with highest clearance

	Result
	4 RCT
2 OT
1 RT
	Heterogeneous cohorts, different Filters
Technically, myoglobin elimination is possible (high evidence)
	However, data available for outcome parameters are insufficient
renal recovery GRADE ⊕⊝⊝⊝ evidence very low


[bookmark: _Toc180402963][bookmark: _Toc209691421][bookmark: _Toc177042406][bookmark: _Toc177042547][bookmark: _Toc177044159][bookmark: _Toc177045368][bookmark: _Toc180137468][bookmark: _Toc180137609][bookmark: _Toc180402823][bookmark: _Toc180402964][bookmark: _Toc189302339][bookmark: _Toc189302480][bookmark: _Toc189569993][bookmark: _Toc193098732][bookmark: _Toc206496097][bookmark: _Toc206497389][bookmark: _Toc206505994][bookmark: _Toc206508401]Continuous and Intermittent Renal Replacement Therapy
[bookmark: _Toc180402967]PICO Questions
	P
	In critically ill patients with AKI and RRT

	I 
	Does the use continuous RRT 

	C
	compared to intermittent RRT and PIRT improve outcomes?

	O
	mortality, renal recovery, hemodynamic stability, SAE/AE (thrombopenia, blood loss, transfusion frequency)


[bookmark: _Toc180402968]PIO Questions
	P
	In critically ill patients with AKI and RRT

	I
	Do certain patient groups (fluid overload, liver failure, intracranial pressure, sepsis) benefit more or less from continuous versus intermittent or prolonged RRT?

	O
	mortality, renal recovery, hemodynamic stability, filter life, SAE/AE


[bookmark: _Toc180402969]PICO Search Terms
	Patient
	Intervention 
	Comparison
	Outcome

	critical care, critically ill
intensive care
	continuous

	intermittent
prolonged
	recovery of renal function

	acute kidney injury
acute renal failure
	
	
	duration of RRT

	
	
	
	mortality

	renal replacement therapy
dialysis, hemofiltration, hemodiafiltration
	
	
	SAE/AE
hemodynamic stability


[bookmark: _Toc180402971]Database Search string
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (acute kidney injury OR acute renal failure) AND (critical care OR intensive care OR critically ill) 
AND (continuous OR convection OR CVVH OR CVVHF OR CVVHD OR CVVHDF) AND (intermittent OR diffusion)

[bookmark: _Toc180402972][bookmark: _Toc209691422]PRISMA Chart: continuous or Intermittent Kidney Replacement in intensive Care Medicine 

Records identified through PubMed searching
(n = 1215)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching
(n = 530)
Records after duplicates removed
(n = 2068)
Records screened
(n =301)
Pediatric, no critical care, only Trial protocols, off topics excluded
(n = 1767)
Full-text articles assessed for eligibility
(n = 150)
Retrospective (n = 66)
Observational (n=43)  
Records identified through Scopus searching
(n = 640)
RCTs (n =25)
Systematic Reviews (n =16)
off-topic excluded
(n = 151)

[bookmark: _Toc180402973][bookmark: _Toc209691423]Systematic Reviews und AMSTAR2


[bookmark: _Toc180402974][bookmark: _Toc209691424]
Systematic Reviews evidence table: CVVH versus IHD Renal Replacement Procedure
	Author / Year
	Study Type / Patients / modality 
	Outcome
	Comment

	Rabindranath 2007 (165)  (Cochrane)
	15 RCTs (1550 Pt); CRRT vs IHD
	Hospital mortality (RR 1.01, 95% CI 0.92 - 1.12), ICU mortality (RR 1.06, 95% CI 0.90 - 1.26), survivors without further RRT (RR 0.99, 95% CI 0.92 - 1.07), hemodynamic instability (RR 0.48, 95% CI 0.10 - 2.28) or hypotension (RR 0.92, 95% CI 0.72 - 1.16) increasing vasopressor therapy (RR 0.53, 95% CI 0.26 - 1.08). higher MAP at CRRT (MD 5.35, 95% CI 1.41 - 9.29) higher risk of clotting (RR, 95% CI 8.50 CI 1.14 - 63.33).
	no benefit for CRRT in terms of mortality, renal recovery, hemodynamics (except higher MAD, but more clotting)

	Virgo 2008 (152)
	30 RCTs, 8 prospective cohort studies; CRRT vs IHD
	all-cause mortality (relative risk [RR], 1.10; CI 95%, 0.99-1.23; I2=0%) or further dialysis (RR, 0.91; 95% CI, 0.56-1.49; I2=0%).
	no benefit for CRRT in terms of mortality and further need of dialysis 

	Schneider 2013 (185)
	7 RCTs, 16 observational studies with 472 and 3,499 survivors 30 RCTs, 8 prospective cohort studies; CRRT vs IRRT (IHD + hybrid)
	dialysis-dependent survivors: no difference (RR 1.15 CI 95% 0.78–1.68], I2 = 0%); observational studies suggest a higher rate of dialysis dependence in survivors who initially received IHD (RR 1.99, CI 95% 1.53–2.59), I2 = 42%
	no benefit for CRRT regarding and further need of dialysis in RCTs

	Schoenfelder 2017 (186)
	13 RCTs, 16 observational studies involving 1,870 and 15,689 patients; CRRT vs IRRT (IHD + hybrid)
	RCTs: mortality RR 1.03; 95% CI [0.94,1.14]; renal recovery RR 1.01; 95% CI [0.95,1.07]; Hypotension RR 0.92, 95% CI [0.94,1.14]
	no benefit for CRRT in terms of mortality, renal recovery, hypotension

	Nash 2017 (143)
	21 RCTs and large observational studies, CRRT vs IHD, CRRT vs SLED
	RRT modality was not correlated with mortality (CRRT vs IHD: RR 1.00 [95%CI, 0.92–1.09], CRRT vs SLED: RR 1.23 [95%CI,1.00–1.51]) or dialysis dependence (CRRT vs IHD: RR 0.90 [95%CI,0.59–1.38], CRRT vs SLED: RR1.15 [95%CI,0.67–1.99]).
	no benefit for CRRT compared to IHD or SLED for mortality or dialysis dependence

	Zhao ,Chen 2020 (253)
	22 RCTs and OTs
CRRT vs IHD vs SLED 
	mortality: CRRT or SLED or IHD (RR 1.02, 95% CI 0.93-1.11, I2 = 0.0%, P = .921; less renal recovery: in AKI patients with CRRT compared to IHD or SLED (RR 0.81, 95%CI 0.79-0.83, I2 = 21.9%, P = .269; In a subgroup analysis, no difference between CRRT and SLED (RR 0.96, 95% CI 0.77-1.19, I2 = 7.6%, P = .364
	no benefit for CRRT compared to IHD or SLED for mortality or dialysis dependence

	Ye 2021 (240)
	30 RCTs, 3,774 Patienten; CRRT vs IHD, CRRT vs SLED, IHD vs SLED; (Peritoneal Dialysis)
	mortality: CRRT vs IHD 1.04 (95% CI 0.93–1.18); CRRT vs SLED 1.06 (95% CI 0.85–1.33); IHD vs SLED 1.02 (95% CI 0.79–1.31); renal recovery: CRRT vs IHD 1.15 (95% CI 0.91–1.45); CRRT vs SLED 0.88 (95% CI 0.65–1.19); IHD vs SLED 0.77 (95% CI 0.53–1.12)
	no benefit for CRRT compared to IHD or SLED for mortality or dialysis dependence

	Result
	
	Mortality GRADE ⊕⊕⊝⊝ evidence low
	



[bookmark: _Toc180402975][bookmark: _Toc209691425]Systematic Reviews CVVH versus IHD - Outcome mortality 
	Study
	Design
	N
	Trials
	Mortality
	Notes

	Rabindranath 2007 (165)
	SR
	1550
	15 RCTs
until 10/2006
	in hosp. mortality (peer-reviewed only)
RR 1.03 (95%CI 0.92-1.16), I2 33%, p=0.57
	no difference

	Bagshaw 2008 (16)
	SR
	1403
	9 RCTs
until 12/2006
	OR 0.99; (CI95% 0.78 –1.26); p = 0.93; I2 11%
	no difference

	Ghahramani 2008 (76)
	SR
	1635
	9 RCTs, 18 OT, 6 RT
until 9/2007
	33 at trials: 0.77 (95% CI 0.62–0.95)
9 RCTs alone: OR 0.89 (0.63–1.24) p=0.95
	no difference (9 RCTs)
in OT/RT/RCT: CRRT better (33 trials – all qualities)

	Virgo 2008 (152)
	SR
	3190 patients RCT
2868 patients OTs
	30 RCTs, 8 OT
until 10/2007
	RR 1.10 (95%CI 0.99-1.23) I2 0%– 9 RCTs, 989 patients 28d mortality
	no difference

	Zhang 2015 (249)
	SR
	617 patients RCT
675 patients OTs
	7 RCTs, 10 OTs
until 2014
	7 RCTs alone: 0.90; 95% CI, 0.74-1.11; P 5 0.3). 17 at the trials: 0.86; 95% CI, 0.74-1.00; P 5 0.05, 
	no difference (7 RCTs)
in OT: CRRT better (17 trials – all quality)

	Nash 2017 (143)
	SR
	5015
	21 RCTs
until 5/2015
	CRRT vs IHD RR 1.00 (95%CI 0.92-1.09) I2 23%, p=0.99
	no difference

	Schoenfelder 2017 (186)
	SR
	617 pat. RCT
7682 pat. OT
	9 RCTs, 40 OTs
to 12/2014
	RCT: RR 1.03 (95%CI 0.94-1.14), I2 29%, p=0.51
OT: RR 1.21 (95%CI 1.07-1.37), I2 88%, p=0.002
	RCT: no difference
in OT: CRRT better (40 trials – all quality)

	Zhao ,Chen 2020 (253)
	SR
	521 pat. CRRT
424 pat. SLED
	8 RCT, OT SLED 
to 6/2019
	in hospital mortality:
CRRT vs IHD RR 1.21 (95%CI 1.19-1.23) I2 0%, p=0.54
	no difference

	Eat 2021 (240)
	SR
	3774 pat.
CRRT, IHD, SLED
	15 RCTs, 4 OT
until 5/2020
	CRRT vs IHD: RR 1.04; 95% CI, 0.93–1.18
	no difference

	Zhou 2021 (256)
	SR
	621 pat. CRRT, 1503 pat. IHD, 333 pat. PD
	23 RCTs
to 6/2020
	CRRT vs IHD: RR 0.88 (95%CI 0.73-1.07), I2 0% 
	no difference

	Result
	10 SR
	10/10 SR no difference (RCTs)
3/10 SR CRRT less mortality when observational/retrospective with high patient numbers are included
Mortality GRADE ⊕⊕⊝⊝ evidence low




[bookmark: _Toc180402976][bookmark: _Toc209691426]Systematic Reviews CVVH vs SLED - Outcome mortality 
	Study
	Design
	N
	Trials
	Dialysis dependency
	Notes

	Zhao ,Chen 2020 (253)
	SR
	521 pat. CRRT
424 pat. SLED
	8 trials SLED
(RCT, OT) until 6/2019
	SLED vs CRRT in ICU mortality
RR 1.09 (95%CI 0.88-1.35) I2 0% p=0.64
	no difference

	Al Dalbhi 2021 (6)
	SR
	1160 
	6 RCTs
5 OTs until 2017
	SLED vs IHD
RR 0.67, (95% CI 0.44–1.00) I2 0% P=0.05
	no difference

	Eat 2021 (240)
	SR
	3774 pat.
CRRT, IHD, PD, SLED
	15 RCTs
4 OT
until 5/2020
	CRRT vs. SLED: 
RR 1.06; 95%, CI 0.85–1.33
	SLED better

	Zhou 2021 (256)
	SR
	621 pat. CRRT
1503 pat. IHD
333 pat. PD
	23 RCTs until  6/2020
	SLED vs CRRT: 
RR 0.98 (95%CI 0.88-1.08), I2 22%
	no difference

	Kovacs 2017 (110)
	SR
	1564 pat.
	16 RCTs
until 2/2015
	SLED vs CRRT
RR 1.21 (95%CI 1.02-1.43), I2 47%, p=0.03
	SLED better

	Nash 2017 (143)
	SR
	5015 pat.
	21 RCTs
until 5/2015
	CRRT vs SLED 
RR 1.23 (95%CI 1.00-1.51) I2 13% p=0.05
	no difference

	Result
	4/6 SR no mortality difference between CRRT and SLED
2/6 SR moderately lower mortality with SLED (RR 1.06 and 1.21)
Mortality GRADE ⊕⊕⊝⊝ evidence low
	





[bookmark: _Toc180402977][bookmark: _Toc209691427]Systematic Reviews: CVVH versus IHD - Outcome renal recovery
	Study
	Design
	N
	Trials
	Renal recovery
	Notes

	Rabindranath 2007 (165)
	SR
Cochrane
	1550 Pt
	15 RCTs
until 10/2006
	RRT independence
RR 0.99 (95% CI 0.92 - 1.07) I2 0% p=0.83
	no difference

	Bagshaw 2008 (16)
	SR
	1403 pat.
	9 RCTs
until 12/2006
	Recovery/RRT independence
OR 0.76 (95%CI, 0.28 –2.07) p = 0.59
	no difference

	Ghahramani 2008 (76)
	SR
	1635 pat.
	9 RCTs, 18 OT, 6 RT
until 9/2007
	DD RCT only 1.07 0.47–2.39 CRRT n=133 IHD n=139, no difference
DD all trails OR 0.44 (CI95% 0.34–0.58 CRRT better
	only RCTs with DD as defined outcome: no difference 
OTs/RTs: CRRT improves renal recovery

	Virgo 2008 (152)
	SR
	3190 RCT
2868 OTs
	30 RCTs, 8 OT
until 10/2007
	DD: RR 0.91 (95%CI 0.56-1.49 I2 0%)
	no difference

	Schneider 2013 (185)
	SR
	RCT 472
OT 3499
	7 RCTs, 16 OTs
until 6/2012
	DD only RCTs: RR 1.15 (95%CI 0.78-1.68) I2 0% p=0.48
DD at trials: RR 1.73 (95% CI, 1.35–2.20) I2 44%, p<0.001
	RCTs only: no difference (240 p.m.)
OTs: CRRT better renal recovery (1476 pat.)

	Nash 2017 (143)
	SR
	5015 pat.
	21 RCTs
until 5/2015
	dialysis dependence: CRRT vs IHD: RR 0.90 (95% CI 0.59-1.38)
	no difference

	Schoenfelder 2017 (186)
	SR
	617 RCT
7682 OT
	9 RCTs, 40 OTs
until 12/2014
	renal recovery (all): RR 1.10 95% CI 1.05, 1.16) I2 87%, p<0.01
renal recovery (RCTs): RR 1.01 (95%CI 0.95-1.02) I2 0%, p=0.79
renal recovery (OTs): RR 1.17 (95% CI 1.09-1.24) I2 58.4%, p<0.01
	RCTs only: no difference (1,870 pats.)
OTs: CRRT better renal recovery (15,689 patients)
(OT >10 times the number of patients)

	Al Dalbhi 2021 (6)
	SR
	1160 pat.
	6 RCTs, 5 OTs
until 2017
	renal recovery: RR 1.08, (95% CI 0.83–1.42; P=.56), I2 63%
dialysis dependence RR=1.03, (95% CI 0.69–1.53; P=.89). I20%
	fluid removal: no difference: Std Mean Diff -0.24 (95% CI -0.72-0.24), p=0.32 I2 79%

	Ye 2021 (240)
	SR
	3774 CRRT, IHD, SLED
	15 RCTs, 4 OT
until 5/2020
	renal recovery:
CRRT better than IHD RR 1.15 (95% CI, 0.91–1.45)
	CRRT better than IHD

	Zhou 2021 (256)
	SR
	621 CRRT, 1503 IHD
	23 RCTs
until 6/2020
	renal recovery:
CRRT vs IHD RR 1.05 (95%CI 0.83-1.35), I2=46.6%
	no difference

	Result
	10/10 SR – no differences in renal recovery when evaluating RCRs
4/10 SR – CRRT more renal recovery in observational/retrospective studies 
	no differences in renal recovery:
GRADE ⊕⊕⊝⊝ evidence low




[bookmark: _Toc180402978][bookmark: _Toc209691428]Systematic Reviews: CVVH versus SLED - Outcome Renal recovery
	Study
	Design
	N
	Trials
	Renal recovery
	Notes

	Zhao ,Chen 2020 (253)

	SR
SLED
	521 pat. CRRT
424 pat. SLED
	5 trials SLED
to 6/2019
	CRRT vs SLED renal recovery:
RR 0.96, 95% CI 0.77-1.19, I2 = 7.6%, P = 0.36
	no difference

	Eat 2021 (240)

	SR
CRRT
SLED
	3774 pat.
CRRT, IHD, PD, SLED
	15 RCTs
4 OT
until 5/2020
	CRRT vs SLED renal recovery:
RR 0.88; 95% CI, 0.65–1.19
	SLED better than CRRT

	Nash 2017 (143)

	SR
SLED
CRRT
	5015 pat.
	21 RCTs
to 5/2015
	CRRT vs SLED dialysis dependence:
RR 1.15 (95% CI 0.67-1.99)
	no difference

	Zhou 2021 (256)

	SR
SLED
CRRT
	621 pat. CRRT
1503 pat. IHD
333 pat. PD
	23 RCTs
to 6/2020
	SLED vs CRRT renal recovery:
CRRT vs SLED RR 1.19 (95%CI 0.90-1.59), I2=15.1%
	no difference

	Zhang 2015 (249)
	SR
SLED
	617 pat. RCT
675 pat. OTs
	7 RCTs
10 OTs
until 2014
	SLED vs CRRT renal recovery:
in RCTs: (RR, 1.12; 95% CI, 0.83-1.76; P =0.4, I2 5 65%). 
in OTs: (RR, 1.14; 95% CI, 0.90-1.46; P=0.3; I2 5 0%).
	no difference

	Kovacs 2017 Kovacs 2017 (110)
	SR
SLED
	1564 pat.
	18 RCTs
to 2/2015
	SLED vs CRRT renal recovery:
RR 0.87, (CI95% 0.63–1.20), I2 = 66%).
	no difference

	Result
	6 SR
	Renal recovery SLED vs. CRRT
	1 SR: SLED better than CRRT with RR 0.88 
5 SR: no difference
GRADE ⊕⊕⊝⊝ evidence low




[bookmark: _Toc180402979][bookmark: _Toc209691429]Trials evidence table: CVVH versus IHD - Outcome Renal recovery 
	Study
	Design
	N
	Collective
	RRT mode
	Outcome 
	ROB
critical
	US

	Notes

	Forest 2014 (226)
	RT
	4008
	database Canada 1996-2009
	2004 CRRT
2004 IHD
	More dialysis dependence after IHD:
HR, 0.75 (95% CI, 0.65–0.87) p < 0.0001 
	n.a.
	n.a.
	CRRT better
matched to kidney function

	Schefold 2014 (182)
	RCT
CONVINTED
	252
	single ICU Germany
	122 CVVH
128 IHD
	days at RRT 17.2 ± 37.1 vs 13.7 ± 17.9 p=0.35
RRT at 21d: 20 (32.3%) IHD vs 20 (29.9%) CRRT p=0.97
RRT at 60d 14 (26.4%) IHD vs 13 (22.8%) CRRT p=0.90
	1/6
	n.a.
	no difference

	Liang 2016 (121)
	RT
	638
	ICU Survivors 2000-2008
	353 IHD 
285 CRRT
	CRRT vs IHD 90 d: OR, 1.19; 95% CI 0.91-1.55; P=0.20
CRRT vs IHD 365d: OR, 0.93; 95% CI 0.72-1.2; P=0.55
	n.a.
	n.a.
	no difference (multivariate analysis) unstable Pt. Were allocated to more CRRT

	Truche 2016 (209)
	OT
	1360
	OUTCOMEREA
prospective observationale French cohort
	CVVH 544 (40.0 %) IHD 816 (60.0 %)
	no difference composite PO 
HR 1.00, 95%CI 0.77–1.29; p = 0.97).
dialysis dependence  on d30 IHD: 24.9%, CRRT 21.8%
subgroup Pt with higher weight gain (FO) CRRT better (HR 0.54, 95% CI 0.29–0.99; p = 0.05).
	n.a.
	8/8
	no difference
composite PO: mortality or RRT dependence 30d after RRT onset
At FO: Advantages for CVVH

	Bell 2007 (20)
	RT
	2002
	Sweden
	CVVH 944
IHD 158
	IHD vs CRRT dialysis dependence  d90: OR 2.13 (95%CI 1.3-3.5) – CRRT Better
	good 
	7/8
	CRRT better
bias: Group size 6:1

	Bonnassieux 2018 (24)
	RT
	25.750
	ICU french database
	CRRT 40.905
IHD 17.730
	renal recovery 86.2%. IHD had less recovery at hospital discharge; OR 0.910 (95% CI, 0.834-0.992) p = 0.0327. 
	good 
	good 
	CRRT better
retrospectively large French database
better recovery under CRRT

	Forest 2023 (225)
	Posthoc
	2196
	START-AKI
	CVVH 1590
IHD 606
	composite mortality & RRT dependent:
-OR 0.81 (95%CI 0.66-0.99) p=0.044
RRT dependency  d90:
-0.61 (95%CI 0.39-0.94) (no p value)
mortality d90:
-OR 0.90 (95%CI 0.74-1.11) (no p value)
	3/6
critical
	
	better recovery (higher proportion of composite EP)
bias: no randomization for question 
bias: modality was chosen individually.
bias: group sizes not equal to approx. 3:1

	Naorungroj 2022 (141)
	Posthoc
	2542
	ATN Trial
	2175 CRRT
367 IHD
	-among survivors, CRRT reduced 28-d RRT dependence (OR, 0.54 [95% CI 0.37–0.80]; p = 0.002) 
-more RRT-free days (OR: 1.38 [95% CI 1.11–1.71]).
	4/6
critical
	good 
	CRRT better
bias 1: ATN was randomized for standard vs. higher dose. no randomization for the question 
bias 2: cont. vs int. collective size very unequal. 
bias 3: Regionality. French centers more likely to be IHD and had higher mortality

	Gaudry 2022 (72)
	Posthoc
	543
	IDEAL ICU
	543 CRRT 
268 IHD
	-no difference: Survival without further need of RRT at d28 CRRT: 117 (43.5%) IHD: 132 (48.0%) RR 0.92 (0.75 - 1.13)
-renal recovery d28 CRRT: 123 (45.7%) IHD: 134 (48.9%) RR 1.00 (0.83-1.21)
	4/6 critical
	good 
	no difference
bias 1: IDEAL ICU was randomized for early vs. late onset. no randomization for the question 
bias 2: a large part of the patients were excluded for study according to non-systematic criteria
bias 3: cont vs int. collective size very unequal. 
mortality (SOFA >10) better under CRRT
mortality (SOFA <10 IHD better
Relaxation equals

	Koyner 2024 (112)
	RT
	3.804
	Premier PINC AI Healthcare Database
	2740 IHD
1064 CRRT
On ICU
	-with CRRT less RRT dependency 90d (4.9% vs. 7.4% p = 0.006) OR 0.68 (95%CI 0.47–0.97), p = 0.03. 
CRRT pat.: 
-younger, fewer comorbidities, less CKD
-more admissions in large clinics 
-more surgery, sepsis, shock and ventilation
-Change from CRRT to IHD 34.5%
-LOS ICU CRRT Median 17d vs IHD 11d
	good 
	6/8
	RRT dependence at discharge (26.5% vs. 29.8%, p = 0.04) and at day 90 (4.9% vs. 7.4% p = 0.006), weighted adjusted OR (95% CI): 0.68 (0.47–0.97), p = 0.03.

	1 RCT: CONVINT with 252 pat. no difference
5 RT: cumulative 32,398 pts analyzed, of which no difference in collectives with 26,388 pts, better recovery at 6010 CRRT, new RT based on database Koyner 2024
1 OT: large French cohort
3 posthoc: inappropriate randomizations for research question, unequal collectives (more CRRT)

Data not uniform, but strong trend towards no effect
GRADE ⊕⊕⊝⊝ evidence low
little controlled-randomized data – one RCT no difference
an observational study - CRRT better
most RT no difference
posthoc studies with clear bias – only of very limited use.
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[bookmark: _Toc209691430]Systematic Reviews: CVVH versus IHD - Outcome hemodynamic stability 
	Study
	Design
	N
	Collective
	Hemodynamic Stability CRRT vs IHD
	Notes

	Rabindranath 2007 (165)
	SR
	1550
	15 RCTs
to 10/2006
	-hemodynamic stability: RR 0.48 (95%CI 0.1-2.28) – only 2 studies with 110 pts
-hypotension: RR0.92 (95%CI 0.72-1.16) – 3 studies 265 patients
-MAP SMD 5.35 (95%CI 1.41-9.29), I2=0%, p=0.01 – 2 studies 56 pat.
	CRRT better (little evidence)

	Pannu 2008 (152)
	SR
	3190 pat. RCT
2868 pat OTs
	30 RCTs
8 OT
to 10/2007
	Hypotension RR 0.87 (95%CI 0.68-1.12, I2=0%  - 3 studies, 389 Pt
	no difference (little evidence)

	Zhang 2015 (249)
	SR
	617 pat. RCT
675 pat. OTs
	7 RCTs
10 OTs
until 2014
	vasopressors equal to p=0.8, I2=0% (2 studies, 89 pat.)
	no difference (little evidence)

	Schoenfelder 2017 (186)
	SR
	617 pat. RCT
7682 pat. OT
	9 RCTs
40 OTs
to 12/2014
	hypotension RR 0.71 (95% CI 0.39, 1.31), I275%, p=0.28
	no difference (little evidence)
OTs showed hypotension less frequently with CRRT, RCTs did not find an effect

	Zhou 2021 (256)
	SR
	621 pat. CRRT
1503 pat. IHD
333 pat. PD
	23 RCTs
to 6/2020
	hypotension RR 1.08 (95%CI 0.41-2.85), I2 74% – 2 studies
	no difference (low evidence)

	Russian 2022 (178)
	SR
	
	12 RCTs
until
	-6 studies CRRT vs. IHD, 3 studies SLED vs CRRT, 2 more
-8/12 RCT no differences, 4/12 RCT CRRT better
-Incidence of hypotensive episodes varied 5-60%
	SR with hemodynamic stability as PO
no difference detectable (little evidence)

	Result
	6SR
	Overall, all SRs refer to a few studies that indicate the topic of hemodynamic instability, number of hypotension or MAP (see table below). The evidence is to be assessed as low, as few studies are analyzed with rather few studies.
	Data insufficient
GRADE ⊕⊝⊝⊝ evidence very low



[bookmark: _Toc180402981][bookmark: _Toc209691431]Trials: CVVH versus IHD - Outcome hemodynamic stability 
	Study
	Design
	N
	Hypotension
	MAP mmHg
	Hemodynamic stability
	ROB
critical
	US
	Notes

	John 2001 John 2001 (99)
	RCT
	10 IHD
20 CVVH
	
	after 2h:
IHD 15 ±17 vs CVVH 12 ±19, p<0.05
	Norepinephrine after 2h:
IHD: 2.16 ±1.78
CVVH 2.10 ±1.98 n.s.
	3/6
	n.a.
	CVVH better MAP

	Augustine 2004 (12)
	RCT
	40 IHD
40 CVVHDF
	
	IHD 75.0 ±13 vs. CVVHDF 77.4 ±8.1 n.s.
	vasopressors
IHD 55%, CVVHDF 52.5%
	2/6
critical
	
	no difference

	Kielstein 2004 (105)
	RCT
	20 SLED
19 CVVH
	
	according to 6d:
SLED 72.9 ±3
CVVH 78.9 ±3
	after 12h μg/kg/h
SLED 0.45 ±0.12
CVVH 0.42 ±0.13 n.s.
	3/6 critical
	
	no difference

	Uehlinger 2005 (212)
	RCT
	55 IHD
70 CVVHD
	
	d5 IHD 74±2 vs. 76 ±2, the so-called "D-Shirt".
	Norepinephrine
IHD 3300; CVVHDF 4300 µg/12h, p=0.21
	2/6 critical

	
	no difference

	Vinsonneau 2006 (220)
	RCT
	184 IHD 
175 CVVHDF
	IHD 39%, CVVHDF 35% n.s.
	
	
	2/6 critical
	
	no difference

	Schwenger 2012 (187)
	RCT
	115 SLED
117 CVVH
	
	IHD 118.3 ±17.1 
CVVH 124.3 ±15.6
	vasopressors not different
	2/6 critical
	
	no difference

	Badawy 2013 (14)
	RCT
	40 SLED
40 CVVHDF
	
	After 24h:
IHD 127 ±10
CVVHDF 120 ±11
	vasopressors not different
	3/6 critical
	
	no difference

	Schefold 2014 (182)
	RCT
	128 IHD
122 CVVH
	
	d1: IHD 73.3 ±16.5 vs. CVVH 72.0 ±14.1 MAP, n.s.
	Epinephrine: IHD: 0.7, CVVH 0.6g, p=0.96
Norepinephrine: IHD: 19.1, CVVH 18.5g, P=0.30
	1/6
critical
	n.a.
	no difference

	Result
	8 RCT
	
	Smaller cohorts, hemodynamic stability usually secondary outcome, GRADE ⊕⊝⊝⊝ evidence very low


[bookmark: _Toc180402982][bookmark: _Toc209691432]Trials evidence table: Outcome SAE - Thrombocytopenia and Transfusion Frequency
	Study
	Design
	N
	Cohort
	RRT Method
	Outcome 
	ROB
	US
	Notes

	Vinsonneau 2006 (220)
	RCT
	360
	ICU patients with multi-organ failure
	CVVHDF vs IHD
	Thrombocytopenia (< 50,000 L) under IHD 12%, under CVVHDF 18%, n.s.
	2/6
	
	protocol amendment after 8 months due to low recruitment, exclusion of patients with platelets < 30,000/μL and bleeding

	Schwenger 2012 (187)
	RCT
	232
	ICU patients with AKI, 54% with sepsis
	CVVH versus 12 h SLEDD
	Platelet count under NET:
SLEDD 157.200, CVVH 158.500; n.s.
Total amount of transfused RBC units (ml)
SLED 1.375 ml vs. CVVH 1976 (p<0.019)
	2/6
	
	only one value for platelets given under therapy

	Pschowski 2015 (163)
	posthoc
	252
	ICU patients with AKI
	CVVH versus IHD
	max. platelet drop up to d3:
IHD 7,2% vs. CVVH 11,6% (n.s.)
Transfusion at least 5 RBC units by day 7:
Number of patients IHD 23% vs. CVVH 26% (n.s.)
RRT Caused Blood Loss (System Clotting): IHD 30% vs. CVVH 57.4% (p<0.01)
transfused RBC units up to day 7:
IHD 7,7 vs. CVVH 7,3 (n.s.)
	3/6
	
	secondary analysis of the Covint study

	Vives 2022 (221)
	RT 
	351
	cardiac surgery
	CVVH/CVVHDF versus SLED (8-10 h)
	Transfusion of > 5 RBC units
Number pat. CVVH/CVVHDF 45,9% vs SLED 75,9% (n.s.)
	
	5/9
	monocentric retrospective observational study from Canada

	Result
	3 RCT
1 RT
	1.195
	Thrombocytopenia and transfusion frequency were not the primary outcome parameters in any study. The data density is sometimes low (e.g. Schwenger 2015). The results cannot be transferred to the current time, as no study used regional citrate anticoagulation.
GRADE ⊕⊝⊝⊝ evidence very low
	



[bookmark: _Toc180402983][bookmark: _Toc209691433]PRISMA Chart: Intracranial Pressure in continuous versus Intermittent Renal Replacement Procedures
Records identified through PubMed searching
(n = 117)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching
(n = 85)
Records after duplicates removed
(n = 283)
Records screened
(n = 77)
Pediatric, off topic, unfinished studies excluded (n = 206)
Full-text articles assessed for eligibility (n = 14)
observational (n = 5)
retrospective (n = 8)
RCTs
(n = 1)
Systematic Reviews (n = 0)
Cochrane Review (n = 0)
Records identified through Scopus searching
(n = 92)








off topic studies excluded 
(n=63)

[bookmark: _Toc180402984][bookmark: _Toc209691434]Trials: Intracranial Pressure in continuous versus Intermittent Renal Replacement Procedures
	Study
	Design
	N
	Cohort
	RRT mode
	Outcome 
	ROB
critical
	US
fulfilled
	Notes

	Davenport 1989 (47)
	RCT
	7
	hepatic encephalopathy
	IHF vs CAVHF
	ICP IHF: 8.4 ±1.5 to 12.6±1.8 mmHg
ICP CAVH: 15.6 ±5.2 to 11.7±2.3 mmHg
	3/6
	
	

	Davenport 1993 (46)
	OT
	30
	hepatic encephalopathy
	IHF vs CVVH
	ICP IHF: const.
ICP CAVH: 15.6 ±5.2 to 11.7±2.3 mmHg
	
	4/9
	MAP drop in the first hour at HF with a reduction in CPP 35 ±8%

	Ronco 1999 (177)
	OT
	12
	only AKI with RRT
	IHD vs CVVH
	IHD: gray matter 52.3 ±5.2 - 38.9 ±5.3 white matter of 36.7 ±3.5 - 24.8 ±3.2 Hounsfield units, avg. Delta ‐26.7%
	
	4/9
	CVVH const

	Wu 2013 (233)
	OT
	10
	ICB
	SLED vs CVVH
	but no difference between method p=0.46
	
	4/9
	ICP increase in both methods, 
Approx. 0.1% for CVVH, approx. 0.4% for SLED in the first 4 hours 

	Johansen 2017 (98)
	OT
	12
	CKD patients
	lowflux-IHD vs
pre-IHDF
	MRI: no differences between procedures; gray matter: HD: r2 = 0.83; HDF: r2 = 0.73; white matter: r2 = 0.02; HDF: r2 = 0.004
	
	9/9
	total brain volume
IHD: +1.8 ± 1.7% (18.7 ± 17.4mL) 
Pre-IHDF: +2.0 ± 0.9% (22.3 ± 10.7 mL)

	Venkatasubba Rao 2018 (218)
	OT
	14
	CKD in general
	IHD
	Osmolarity medium -6.4 mOsm/L
(SD 6.6) from pre- to post-dialysis,
VIPS edema index (E-Dex)  +9.7% (SD 12.9)  p = 0.037).
	
	7/9
	volumetric Integral Phase-shift
Spectroscopy (VIPS) to evaluate fluid shifts under HD: Osmo drops about 6-7 mmosmol/l during IHD

	Cardoso 2018 (31)
	RT
	1186
	hepatic encephalopathy
	61 (18%) CVVH
59 (17%) IHD
220 (65%) no RRT
	mortality 21d:
CVVH: OR 0.47 [95%CI 0.26–0.82] decreased
IHD: OR 1.68 [95%CI, 1.04–2.72] increased
	
	7/9
	ammonia reduction:
CVVH: -38%, IHD: -23%, no RRT:-19%

	Fletcher 2010 (67)
	RT
	4
	3 SHT
	
	one patient ICP increase under IHD, then stable under CRRT, others stable ICP under CRRT
	
	2/9
	

	Zhou 2011 (255)
	RT
	16
	heat stroke
	CVVHF with 25-30° filtrate
	core temperature reduced from 41.3 ± 0.2°C to 38.7 ± 0.1°C after 2 h and 36.7 ± 0.1°C after 5 h during CVVH (p < 0.05)
	
	6/9
	

	Kawarazaki 2013 (104)
	RT
	5
	neurological damage
	
	5/343 patients with RRT had neurological damage, 5 at RRT, of which none recovered early, but 2 died
	
	4/9
	retrospective evaluation of a poor outcome in RRT and AKI 5/343

	Nadkarni 2015 (139)
	RT
	6.074
	ICB, stroke
More RRT
	
	cerebral infarction: RRT had OR 1.30; 95% 95%CI 1.12–1.48; P<0.001) 
ICB: RRT OR 1.95; CI95% 1.61–2.36; P<0.01)
	
	9/9
	database analysis, AKI with RRT significantly increases mortality in stroke and ICB

	Osgood 2015 (146)
	RT
	4
	cerebral edema
	2 CVVH
2 IHD
	temporal association of cerebral entrapment immediately due to RRT
	
	n.a.
	2 cases of parallel drop of the S-Na

	Alqahtani 2019 (7)
	RT
	13.642
	stroke + RRT/CKD
	IHD
	in-hospital mortality was higher in the dialysis group (7.6% versus 5.2%, P<0.001),
	
	n.a.
	database analysis in CKD patients with cerebral infarctions

	Choi 2020 (39)
	RT
	223 KDIGO3:
115 +RRT
108 –RRT
	resuscitation + AKI/RRT with temperature
management
	111 CVVH
4 IHD
	RRT group significantly lower 6-month mortality than non-RRT group (93/115 [81%] vs. 98/108 [91%], P = 0.04).
OR mortality 6 months 0.569 (95%CI 0.377-0.857, p=0.01)
	
	n.a.
	targeted temperature TTM (33 or 36 °C), 
Duration of the TTM (24 or 48 h)

	Cohorts small, heterogeneous. 1 RCT with a lower degree of quality and procedures that are no longer used in Dt today. Nevertheless, studies consistently conclude that IHD leads to more increases in intracranial pressure than CRRT
1 Study SLED: no difference to CVVH. 1 Study compares diffusion and convection: no difference
GRADE ⊕⊝⊝⊝ evidence very low


0. [bookmark: _Toc180402985][bookmark: _Toc209691435]Systematic Reviews: Fluid Overload

	Study
	Design
	Studies
	N
	RRT mode
	Outcome
	Notes

	Al Dalbhi 2021 (6)
	SR
	4 RCT
	411
	SLED 205
CVVH 206
	SMD -0.24 95%CI -0.72-0.24
Tau² = 0.18; Chi² = 14.14, I² = 79%
Total Effect: Z = 0.99 (P = 0.32)
	no significant differences

	Zhang 2015 (249)
	SR
	4 RCT
3 RT
	RCT 367 Pt
RT 140 Pt
	SLED
CVVH
	4 RCTs: -0.1 (-0.39-0.19) L/d mean diff.
3 OTs -0.06 (-1.03-0.91) L/d mean diff.
	no significant difference in fluid removal of SLED vs CVVHD

	Zhou 2021 (256)
	SR
	3 Studies
7 Studies
	1519 Pt
	IHD vs CVVH
SLED vs CVVH
	+70 (-64-204) ml/d difference
-151 (-328-27) ml/d difference
	no significant differences

	Result
	
	
	3 SR do not calculate differences
GRADE ⊕⊝⊝⊝ evidence very low



[bookmark: _Toc180402986][bookmark: _Toc209691436]Trials evidence table: Fluid Overload
	Study
	Design
	N
	Cohort
	RRT Method
	Outcome 
	ROB
critical
	US
	Notes

	Mehta 2001 (136)
	RCT
	166
	AKI with RRT
4 Medical ICU
	82 IHD
84 CVVH
	UF goals not achieved:
-IHD at 28.8% 
-CVVH at 9% 
	2/6
	
	Net UF not specified, 
Figures reported data not shown

	John 2001 (99)
	RCT
	33
	AKI with RRT
1 Medical ICU
	10 IHD
22 CVVH
	IHD -1520 ±440 ml
CVVH -1680 ±360 ml n.s.
	2/6
	
	technically no blinding possible

	Augustine 2004 (12)
	RCT
	80
	AKI with RRT
1 Medical ICU
	40 CVVH
40 IHD
	CVVH -4.005 (-13.533 - +6.745) ml/3d
IHD +1.535 (-5.510 - +9.125) ml/3d
	3/6
	
	CRRT higher net UF after 72h, then no more difference

	Uehlinger 2005 (213)
	RCT
	125
	AKI with RRT
1 Medical ICU
	55 IHD
70 CVVHDF
	Avg. Fluid balance:
-IHD 230 ±1264 ml/12h
-CVVHDF 211 ±1351ml/12h (P=0.66)
	2/6
	
	technically no blinding possible

	Vinsonneau 2006 (220)
	RCT
	360
	AKI with RRT
22 Medical ICU
	184 IHD
175 CVVHDF
	IHD 2213 (2141–2285) ml/d net UF
CVVHDF 2107 (2011–2203) ml/d Net UF
	2/6
	
	technically no blinding possible

	Bouchard 2009 (27)
	OT
PICARD
	618
	AKI with RRT
5 Medical ICU
	~26% IHD only
~22% only CVVH
~5% first IHD, than  CVVH
~12% CVVH than IHD 
	still FO with end CRRT 8%
still FO with end IHD about 18%
	
	9/9
	OR 30d mortality was associated with more FO 2.52 (95% CI 1.55–4.08)
 CVVH less FO at KRT end

	Schefold 2014 (182)
	RCT
COVINT
	252
	AKI with RRT
1 Medical ICU
	129 IHD
123 CVVH
	IHD 20.5 ±23.2L Fluid Balance 
CVVH 24.9 ±28.4L Fluid Balance p=0.19
	2/6
	
	technically no blinding possible

	6 RCT
1 OT
	No blinding possible
GRADE ⊕⊝⊝⊝ evidence very low





[bookmark: _Toc180402987][bookmark: _Toc209691437]PRISMA Chart: Liver Failure

Records identified through PubMed searching
(n = 221)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching
(n = 16)
Records after duplicates removed
(n = 256)
Records screened
(n = 34)
Pediatric, off topic, unfinished studies excluded (n = 222)
Full-text articles assessed for eligibility (n = 6)
Non-controlled trials
(observational n = 3)
(retrospective = 2)
RCTs
(n = 0)
Systematic Reviews (n = 1)
Cochrane Review (n = 0)
Records identified through Scopus searching
(n = 81)



Pediatric, off topic, unfinished studies excluded (n = 28)

[bookmark: _Toc180402988][bookmark: _Toc209691438]Trials: Liver Failure 
	Study
	Design
	N
	Cohort
	RRT mode
	Outcome 
	ROB
critical
	US
	Notes

	Davenport 1989 (47)
	OT
	7
	ALF
	4 IHF
3 CAVHF
	IHF: ICP 8.4 ± 1.5  12.6 ±1.8 mmHg (p <0.05)
CAVHF 15.6 ± 5.2  11.7 ±2.3 mmHg
	
	4/9
	better ICP stability under CAVHF

	Davenport 1993 (46)
	OT
	30
	hepatic encephalopathy
	IHF vs CVVH
	ICP IHF: IHF: ICP of 45 +/- 5% in 1h IHF. 
ICP CAVH: 15.6 ±5.2 to 11.7±2.3 mmHg
	
	4/9
	MAP waste in the first hour at IHF with a reduction in CPP 35 ±8%

	Naka 2006 (140)
	RT
	40
	40 ALF
42 no ALF
	CVVH
	pH 7.40 (7.34, 7.44) vs 7.41 (7.35, 7.44) n.s.
HCO3 (mmol/L) 26.8 (22.4, 28.7) vs 23.8 (18.1, 25.8) <0.005
lactate (mmol/L) 3.1 (2.5, 4.1) vs 4.8 (3.6, 8.9) <0.0005
Chloride (mmol/L) 100 (99, 102) 96 (93, 100) <0.0001
	
	8/9
	acidification of hyperlactaemia was reduced by hypochloremia (96 vs. 100 mmol/L; p<0.0001) with a high strong ion difference (SIDa)
(43.6 vs. 41.9 mEq/L; p<0.05)

	Cardoso 2018 (31)
	RT
	1186
	hepatic encephalopathy
	61 (18%) CVVH
59 (17%) IHD
220 (65%) no RRT
	Death21d:
CVVH: OR 0.47 [95%CI 0.26–0.82] decreased
IHD: OR 1.68 [95%CI, 1.04–2.72] increased
	
	8/9
	ammonia reduction:
CVVH: -38%, IHD: -23%, no RRT:-19%

	Fisher 2022 (65)
	OT
	12
	hyperammonemia
4 ALF
8 AOCLF
	CVVHF
CVVHD
CVVHDF
	CVVH: 27 (IQR 23-32) mL/min 
CVVHD: 21 (IQR 17-28) mL/min 
CVVHDF: 20 (IQR 14-28) mL/min, p = 0.32.
	
	5/9
	Urea Clr 50 (47-54) mL/min 
Creatinin 42 (IQR 38-46) mL/min Ammoniak 25 (IQR 18-29) mL/min, 
p = 0.0001. 

	Result
	3 OT
2 RT
	
	GRADE ⊕⊝⊝⊝ evidence very low



[bookmark: _Toc180402989][bookmark: _Hlk206505434][bookmark: _Toc209691439][bookmark: _Toc177042433][bookmark: _Toc177042574][bookmark: _Toc177044186][bookmark: _Toc177045395][bookmark: _Toc180137494][bookmark: _Toc180137635][bookmark: _Toc180402849][bookmark: _Toc180402990][bookmark: _Toc189302365][bookmark: _Toc189302506][bookmark: _Toc189570019][bookmark: _Toc193098758][bookmark: _Toc206496120][bookmark: _Toc206497408][bookmark: _Toc206506013][bookmark: _Toc206508420]Anticoagulation of Renal Replacement Therapy
[bookmark: _Toc180402993]PICO Questions
	
	1 – RCA vs HSA

	P
	In critically ill patients with AKI and RRT without therapeutic anticoagulation

	I
	Does the use of RCA improve outcomes 

	C
	compared to systemic heparin anticoagulation?

	O
	mortality, recovery from RRT, filter patency, bleeding (blood loss, transfusions),
SAE (hypo- or hypercalcemia, metabolic acidosis or alkalosis)



	
	2 – Are LMWH better than LMWH?

	P
	In critically ill patients with AKI and RRT without therapeutic AK

	I 
	Does the use of low molecular weight Heparins improve outcomes 

	C
	compared to unfractionated heparin?

	O

	mortality, recovery from RRT, filter patency, bleeding (blood loss, transfusions),
SAE (hypo- or hypercalcemia, metabolic acidosis or alkalosis)




	
	3 – Can Argatroban be used as a systemic AK instead of Heparin

	P
	In critically ill patients with AKI and RRT with therapeutic anticoagulation (Heparin, Argatroban) due to HIT2

	I 
	Does the use of Argatroban improve outcomes 

	C
	compared to low molecular weight heparins

	O
	mortality, filter patency, bleeding (blood loss, transfusions), filter service life


[bookmark: _Toc180402994]PIO Questions
	
	4 - Liver failure

	P
	Are certain patient groups (liver failure, lactic acidosis) of critically ill patients with AKI and RRT

	I
	at risk when using RCA?

	O
	mortality, renal recovery, SAE/AE



	
	5 - Citrate accumulation

	P
	In critically ill patients with AKI and RRT

	I
	is citrate accumulation an indicator of increased mortality? (Surrogate parameter?)

	O
	mortality, renal recovery, SAE/AE



[bookmark: _Toc180402995]PICO Search Terms
	Patient
	Intervention 
	Comparison
	Outcome

	Critical care, Critically ill, intensive care
	citrate

	Heparin

	mortality

	Acute kidney injury, Acute renal failure
	Anticoagulation 

	Nadroparin, Enoxaparin, Dalteparin, Certoparin, Tinzaparin
Low molecular weight Heparin
	Duration of RRT


[bookmark: _Toc180402997]Database Search string 1 (RCA)
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (acute kidney injury OR acute renal failure) 
AND (critical care OR intensive care OR critically ill) 
AND NOT[TI] pediatric OR neonates OR children
AND (citrate OR Heparin OR anticoagulation OR patency OR clotting OR clogging) 

Database Search string 2 (low molecular weight heparins)
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (critical care OR intensive care OR critically ill) 
AND (Enoxaparin OR Nadroparin OR Dalteparin OR certoparin Or (low molecular weight Heparin)) 

Database Search string 3 (Argatroban)
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (critical care OR intensive care OR critically ill) 
AND (Argatroban OR HIT2 OR Thrombin inhibition)

[bookmark: _Toc180402998][bookmark: _Toc209691440]PRISMA Chart 1: RCA and UFH
Records identified through PubMed searching
(n = 257)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching
(n = 106)
Records after duplicates removed
(n = 652)
Records screened
(n =209)
Off topics (n = 443)
Full-text articles assessed for eligibility
(n = 140)
Retrospective (n = 34)
Observational (n= 45)  
Records identified through Scopus searching
(n = 354)
RCTs (n = 48)
Systematic Reviews (n = 13)
Pediatrics, protocols, Reviews (n = 69)




[bookmark: _Toc180402999][bookmark: _Toc209691441]PRISMA Chart 2: LMWH
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching
(n = 36)
Records after duplicates removed
(n = 124)
Records screened
(n =38)
 Off topics (n =86)
Full-text articles assessed for eligibility
(n = 20)
Retrospective (n = 4)
Observational (n= 7)  
Records identified through Scopus searching
(n = 95)
RCTs (n = 6)
Systematic Reviews 
(n=3)
Pediatric, Trial protocols, other topics (n = 18)
Records identified through PubMed searching
(n = 36)























[bookmark: _Toc180403000][bookmark: _Toc209691442]PRISMA Chart 3: Argatroban
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching (n =22)
Records after duplicates removed
(n =83)
Records screened
(n =59)
Off topics (n =24)
Full-text articles assessed for eligibility
(n =8)
Retrospective (n = 1)
Observational (n=2)  
Records identified through Scopus searching
(n =21)
RCTs (n = 3)
Systematic Reviews 
(n = 2)
Pediatric, Trial protocols, other topics (n= 51)
Records identified through PubMed searching
(n =40)


















[bookmark: _Toc180403001][bookmark: _Toc209691443]Systematic Reviews und AMSTAR2
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[bookmark: _Toc180403002][bookmark: _Toc209691444]Synopsis Systematic Reviews: Citrate
	Study
	SR
AMSTAR
	Studies
	Search by
	Patients
	Groups
	Note

	Liao 2013 (122)
	SR
moderate
	4
	Nov 2011
	all
	citrate vs. UFH
	

	Bai 2015 (18)
	SR
good

	11
	Apr 15
	all
	citrate vs. UFH
	

	Liu 2016 (124)
	SR
good
	14
	Sep 2015
	all
	citrate vs. UFH, citrate vs. UFH + Protamine
	

	Zhang 2019 (251)
	SR
moderate
	20
	Jan 2019
	VAT
	citrate vs. UFH
	hepatic insufficiency, no anticoagulation vs. Heparin

	Tsujimoto 2020 (210)
	Cochrane
good
	8*
	Sep 2019
	all
	different comparisons
	Cochrane Review with studies until 12.09.2019, but for question citrate vs UFH only 8 studies.

	Chang 2021 (33) 
	SR moderate
	10
	July 2020
	all
	citrate vs. UFH
	by Dec 2020, in the end only 10 studies included, focus only on coagulation parameters

	Raina 2022 (166)
	SR
moderate
	24
	2020
	<18 J
	citrate, Heparin, Prostacyclin
	pediatric

	Li 2022 Read 2022 (117)
	SR
moderate
	13
	Sep 2021
	all
	citrate vs. UFH
	

	Qi 2023 (164)
	SR
moderate
	14
	Sep 2022
	VAT
	citrate vs. UFH
	liver failure

	Peng 2023 (157)
	SR
good
	19
	Mar 2022
	VAT
	citrate vs other AK
	liver failure

	Qi 2023 (164)
	SR
moderate
	14
	Sep 2022
	VAT
	citrate vs. UFH
	liver failure

	Jacobs 2023 (89)
	SR
good
	12
	Feb 2022
	all
	citrate vs. UFH
	

	Christmas 2024 (144)
	Cochrane
good
	113
	Nov 2023
	CKD
	citrate vs. UFH
	Cochrane Report, RCA in chronic intermittent dialysis

	Result
	11 SR
2 Cochrane
	
	Nov 2023
Latest
	
	
	4 SR to RCA in liver failure
9 SR to RCA to Outcomes



[bookmark: _Toc180403003][bookmark: _Toc209691445]Systematic Reviews: Citrate vs Heparin mortality
	Study
	
	
	28-day mortality
	90-day mortality
	

	
	Groups
	Patients
	Studies
	N
	HR
	Studies
	N
	HR
	Note

	Bai 2015 (18)
	citrate vs. UFH
	all
	5
	632
	0.8 [95% CI 0,61; 1,04], p=0,1
	 
	 
	 
	 

	Liu 2016 (124)
	citrate vs. UFH
	all
	7
	879
	0.97 [95% CI 0,84; 1,13], p=0,72
	 
	 
	 
	 

	Tsujimoto 2020 (210)
	citrate vs. UFH
	all
	5
	462
	1,06 [95% CI 0,86; 1,30]
	 
	 
	 
	 

	Jacobs 2023 (89)
	citrate vs. UFH
	all
	6
	683
	1,08 [95% CI 0.89–1.31], p=0,91
	4
	1014
	0,9 [95% CI 0.8–1.02], p=0,36
	 

	Qi 2023 (164)
	citrate vs. UFH
	VAT
	9
	212
	RCA: 58.9% (95% CI: 39.2–77.3) Heparin: 47.4% (95% CI: 31.1–63.7), p=0.62
	 
	 
	 
	liver only

	Result
	
	
	5 SR – no difference
GRADE ⊕⊕⊕⊝ evidence moderate
	1 SR – no difference
GRADE ⊕⊕⊕⊝ evidence moderate
	



[bookmark: _Toc180403004][bookmark: _Toc209691446]Systematic Reviews: Renal recovery from AKI
	Study
	Groups
	Cohort
	Studies
	N
	Renal recovery
	Note

	Tsujimoto 2020 (210)
	citrate vs. UFH
	all
	2
	214
	1.04 [0.89 , 1.21]
	 

	Jacobs 2023 (89)
	citrate vs. UFH
	all
	5
	457
	1.07 [0.97,1.18]; p=0.176
	 

	Result
	
	
	GRADE ⊕⊕⊝⊝ evidence low




[bookmark: _Toc180403005][bookmark: _Toc209691447]Systematic Reviews : Filter Runtimes
	
	
	
	System Loss
	Filter loss
	

	Authors
	Groups
	Patients
	Studies
	N
	System Loss
	Studies
	N
	Filter Loss
	Note

	Bai 2015 (18)
	citrate vs. UFH
	all
	8
	953
	1.32 [95% CI 1.02, 1.70], p=0.04
	6
	1475
	1.43 [95% CI 1.02, 2.00], p=0.04
	 

	Liu 2016 (124)
	citrate vs. UFH
	all
	12
	1351
	15.69 [95% CI 9.3, 22.08], p<0.00001
	0
	 
	 
	 

	Tsujimoto 2020 (210)
	citrate vs. UFH
	all
	3
	211
	1.44 [95% CI 1.10 , 1.87]
	 
	 
	 
	only 3 studies included

	Jacobs 2023 (89)
	citrate vs. UFH
	all
	 
	 
	 
	12
	1924
	14.52 [95% CI 7.22, 21.83]
	only filter loss is described, it can be assumed that system losses is also meant.

	Result
	
	
	
	
	
	
	GRADE ⊕⊕⊕⊕ evidence good



[bookmark: _Toc180403006][bookmark: _Toc209691448]Systematic Reviews: Bleeding
	
	
	
	
Bleeding
	Transfusions
	

	Authors
	Groups
	Cohort
	Studies
	N
	Bleeding
	Studies
	N
	Transfusion
	Note

	Bai 2015 (18)
	citrate vs. UFH
	all
	9
	760
	0.36 [95% CI 0.21, 0.60]
	
	
	 
	 

	Liu 2016 (124)
	citrate vs. UFH
	all
	10
	810
	0.31(95% CI 0.19, 0.51), p<0.0001
	
	
	 
	 

	Tsujimoto 2020 (210)
	citrate vs. UFH
	all
	7
	702
	0.22 [95% CI 0.08, 0.62]
	
	
	 
	 

	Jacobs 2023 (89)
	citrate vs. UFH
	all
	12
	1627
	0.32 [95% CI 0.22, 0.47], p<0.00001
	8
	1409
	1.02 [95% CI 0.93, 1.12], p=0.644
	 

	Result
	
	
	GRADE ⊕⊕⊕⊝ evidence moderate

	GRADE ⊕⊕⊕⊝ evidence moderate

	




[bookmark: _Toc180403007][bookmark: _Toc209691449]Systematic Reviews evidence table: Hypocalcemia
	 
	 
	 
	Hypocalcemia
	Hypercalcemia
	 

	Authors
	Groups
	Patient groups
	Studies
	N
	Statistics
	Studies
	N
	Statistics
	Note

	Bai 2015 (18)
	citrate vs. UFH
	all
	7
	710
	4.26 [95% CI 1.69, 10.73], p=0.002
	n.a.
	n.a.
	 
	 

	Liu 2016 (124)
	citrate vs. UFH
	all
	7
	621
	3.96 [95% CI 1.5, 10.43], p=0.005
	good 
	good 
	 
	 

	Tsujimoto 2020 (210)
	citrate vs. UFH
	all
	5
	400
	4.51 [95% CI 1.31, 15.55], p=0.02
	2
	158
	Unpredictable
	 

	Jacobs 2023 (89)
	citrate vs. UFH
	all
	9
	1269
	3.81 [95% CI 1.67, 8.66], p=0.001
	3
	404
	1.8 [95% CI 0.22, 14.43], p=0.91
	 

	Result
	
	
	More episodes of hypocalcemia with RCA
GRADE ⊕⊕⊕⊕ evidence good
	No differences
GRADE ⊕⊕⊕⊝ evidence moderate
	


[bookmark: _Toc180403008][bookmark: _Toc209691450]Systematic Reviews: Acid/Base Complications
	 
	 
	 
	Metabolic alkalosis
	Metabolic acidosis
	 

	Authors
	Groups
	Cohort
	Studies
	N
	Statistics
	Studies
	N
	Statistics
	Note

	Bai 2015 (18)
	citrate vs. UFH
	all
	6
	540
	1.39 [95% CI 0.4, 4.85], p=0.6
	-
	 
	 
	 

	Liu 2016 (124)
	citrate vs. UFH
	all
	7
	590
	0.84 [95% CI 0.47, 1.49], p=0.55
	-
	 
	 
	 

	Tsujimoto 2020 (210)
	citrate vs. UFH
	all
	5
	369
	2.88 [95% CI 1.12, 7.39], p=0.03
	-
	 
	 
	Metabolic Disorder = pH > 7.5

	Jacobs 2023 (89)
	citrate vs. UFH
	all
	8
	1208
	0.82 [95% CI 0.45, 1.52], p=0.16
	7
	1369
	1.71 [95% CI 0.99, 2.93], p=0.76
	 

	Result
	
	
	No difference
GRADE ⊕⊕⊕⊕ evidence good
	No difference
GRADE ⊕⊕⊕⊕ evidence good
	



[bookmark: _Toc180403009][bookmark: _Toc209691451]Systematic Reviews: Thrombocytopenia
	 
	 
	 
	HIT2
	Thrombocytopenia
	 

	Authors
	Groups
	Cohort
	Studies
	N
	Statistics
	Studies
	N
	Statistics
	Note

	Bai 2015 (18)
	citrate vs. UFH
	all
	5
	824
	0.46 [95% CI 0.21, 1.01], p=0.05
	-
	 
	 
	 

	Liu 2016 (124)
	citrate vs. UFH
	all
	5
	824
	0.41 [95% CI 0.19, 0.87], p=0.02
	-
	 
	 
	 

	Tsujimoto 2020 (210)
	citrate vs. UFH
	all
	-
	 
	 
	3
	412
	0.39 [95% CI 0.14, 1.03], p=0.06
	 

	Jacobs 2023 (89)
	citrate vs. UFH
	all
	7
	1459
	0.62 [95% CI 0.33, 1.15], p=0.126
	-
	 
	 
	 

	Result
	
	
	Under RCA less HIT2
GRADE ⊕⊕⊕⊕ evidence good
	Fewer thrombocytopenia under RCA
GRADE ⊕⊕⊕⊝ evidence moderate
	



[bookmark: _Toc180403010][bookmark: _Toc209691452]Systematic Reviews: RCA in liver failure 
	Authors
	Studies
	Groups
	Mortality
	Citrate accumulation
	Bleedings
	SAE
	Note

	Zhang 2019 (251)
	20
	Citrate vs. 
UFH, no AK
	RCA: 58.9% (95% CI: 39.2–77.3)
SHA: 47.4% (95% CI: 31.1–63.7),
	12% [95% CI 3%, 22%]
	5% [95% CI 2%, 8%]
	increase: pH, HCO3, BE Alkalose, iCa, tCa, totCa/ionCa 

	no significant increase: S-citrates (MD − 65.82 [95% CI −194.19, 62.55]), lactate (MD 0.49 [95% CI − 0.27, 1.26]) and total bilirubin (MD 0.79 [− 0.70, 2.29]) at CRRT end
	

	Qi 2023 (164)
	9
	citrate 
	
	5.3% (95% CI 0%–25.3%)

	
	-Acidosis 26.4% (95% CI: 0–76.9),
-Alkalosis 1.8% (95% CI: 0–6.8),
	

	Peng 2023 (157)
	19
	citrate 
vs other AK
	42.2% (95% CI 0.272-0.579) p<0.001
	6.7% [95%CI 1.5-14.4],
	4.6% [95%CI (0.7-11.0)],
	totCa/ionCa 
aPTT), pH, BE increased
	Filter Clotting, 4.4% [95%CI (1.6-8.3)],
Total random effects

	Result
	
	RCA in liver failure:
mortality – GRADE ⊕⊕⊝⊝ evidence low
SAE (citrate Accumulation) - GRADE ⊕⊕⊝⊝ evidence Low
	



[bookmark: _Toc180403011]

[bookmark: _Toc209691453]Systematic Reviews: LMWH versus UFH
	Authors
	AMSTAR
	Interventions
	Studies
	Cohort
	Filter runtime
	Bleeding
	SAE
	Note

	Tsujimoto 2020 (210)
	good
	LMWH vs. UFH
	5
	all
	only Garces 2010 
see evidence tab. 10
	no difference (n=233) 
RR 0.58 [0.13-2.58], p=0.47 
	thrombocytopenia no difference (n=61)
RR 0.57 [0.20-1.63], p=0.29
	Cochrane review with studies until 12.09.2019. no statement on mortality possible (only 1 RCT with 29 patients)

	Natale 2024 (144)
	Good
	LMWH vs. UFH
	6
	CKD
	no difference (n=91), RR 1.58[0.46-5.42], p=0.47
	-
	
	Cochrane Report, RCA in Chronic Intermittent Dialysis

	Zhou 2023 (257)
	good
	LMWH vs. UFH
	6
	
	
	
	
	anticoagulation ranking SUCRA (surface under the cumulative ranking curve), from best to worst 
RCA + LMWH 85.5%,
RCA 67.2%, 
NM 59.7%, 
LMWH 51.9%, 
no 35.5%, 
UFH 23.1%, 

	Result
	
	
	comparison LMWH and UFH (SR): 
filter runtime: no difference GRADE ⊕⊝⊝⊝ evidence very low
bleeding: no difference GRADE ⊕⊝⊝⊝ evidence very low
	







[bookmark: _Toc180403012][bookmark: _Toc209691454]Trials: Further studies LMWH versus UFH 
	Authors
	Design
	n
	Intervention
	Filter runtime
	Bleeding
	SAE
	Note

	Garcés 2010 (71)
	RCT
	40
	CVVHD/ICU
Enoxaparin vs. UFH:
	43±15 vs. 52 ±18h, p=0.10
	26 vs 0% p=0.018
	
	More bleeding with enoxaprine

	Oudemans-Van Straaten 2009 (147)
	OT
	28
	FXa activity 
	
	
	
	Hemostasiological analysis under 2 postdilution CVVH strategies

	Arnold 2020 (10)
	RT
	71
	SLEDD with UFH, LMWH, ARG
	SLEDD filter runtimes:
UFH 8.11±1.3h
LMWH 11.8±0.5
ARG 8.0±0.9h
	
	
	

	Joannidis 2007 (97)
	RCT
	40
	CVVH, UFH vs. Enoxaparin
	UFH: 21.7 h ±16.9h LMWH: 30.6 h ±25.3), p = 0.017
	UFH: 1/20
LWWH: 1/20
	
	Longer filter life under enoxaparin

	Reeves 1999 (169)
	RCT
	47
	CVVH, UFH vs. dalteparin
	UFH: 46.8 (5.03) h. LMWH: 51.7 (7.51) h [CI 13 to 23 h]
n.s.
	RBC units Volume Applied: UFH: 309 (128) mL 
LMWH: 290 (87) mL (p = .90
	Reduction in platelet count: UFH: 63 (25.8) LMWH: 41.8 (26.6) x 10(9) 
(p = .57,
	46.8 (5.03) h. Für Heparin, K‐M mean (SE) time to failure war 51.7 (7.51) h. Der 95% CI mean time to failure war ‐13 to 23 h.

	Result
	
	
	comparison LMWH and UFH (further trials): 
filter runtime: longer with Enoxaparin GRADE ⊕⊝⊝⊝ evidence very low
bleeding: more bleeding with Enoxaparin GRADE ⊕⊝⊝⊝ evidence very low
SAE: more thrombocytopenia GRADE ⊕⊝⊝⊝ evidence very low
	



[bookmark: _Toc180403013]

[bookmark: _Toc209691455]Systematic Reviews: Argatroban 
	Authors
	Interventions
	Studies
	Cohort
	Filter runtime
	Bleeding
	SAE: HIT2 
	Note

	Tsujimoto 2020 (210)
	
	
	all
	-
	-
	-
	no comparative studies on Argatroban and UFH/citrate

	Jacobs 2023 (89)
	RCA vs UFH
	7
	all
	-
	-
	RCA only trend better RR 0.62 [0.33-1.15] p=0.76
	HIT rate was low, 4.17% in the Heparin group, relative risk reduction 20%. Argatroban not treated

	Natale 2024 (144)
	Argatroban vs. UFH
	1
	CKD
	-
	only: Shi 2008
s. evidence Report 12
	-
	Cochrane Report, anticoagulation in chronic intermittent dialysis. 

	Result
	
	
	SR, no sufficient data can be shown for Argatroban compared to RCA or UFH
Result: Argatroban can be used technically in kidney replacement, outcome data are largely lacking
GRADE Bleeding ⊕⊝⊝⊝ evidence very low
GRADE filter running times ⊕⊝⊝⊝ evidence very low



[bookmark: _Toc180403014]

[bookmark: _Toc209691456]Trials: Further studies Argatroban
	Authors
	Design
	N
	Intervention
	Filter runtime
	Bleedings
	SAE
	Note

	Reddy 2005 (168)
	RT
	47
	ARG at HIT2 and CVVH
50 treatment courses, CVVH und IHD
	
	3/50 (6%)
	none
	

	Shi 2008 (189)
	RCT
	104
	ARG vs UFH
IHD (CKD pat.)
	
	RR 1.92 [95% CI 0.62-6.00] less bleeding under UHF
	
	

	Link 2009 (123)
	OT
	30
	ARG at HIT2 with CVVH
	2% in the first 24 hours
	2/40 minor bleeding
	
	dose-finding study

	Sun 2011 (203)

	RCT
	101
	IHF at AKI: 
ARG vs. no AK (initial filter flushed with Heparin)
	0 vs 16.9%
	none
	no difference
	

	Klingele 2014 (109)
	RT
	94
	CVVH cardiac surgery
41 ARG+26 UHF to ARG switch vs 27 UFH
	
	RBC Units
1.2±0.3 vs 1.0±0.1 p=0.32
	HIT2 7% below ARG, 15% below UFH
	ARG collective had higher SAPSII 52±2 vs43±3

	Arnold 2020 (10)
	RT
	71
	SLEDD with UFH, LMWH, ARG
	SLEDD filter runtimes:
UFH 8.11±1.3h
LMWH 11.8±0.5
ARG 8.0±0.9h
	
	
	

	Result
	2 RCT
1 OT
3 RT
	
	In further trials (RCT, OT, RT) no sufficient outcome data for Argatroban compared to RCA or UFH can be shown
Result: Argatroban can be used technically in kidney replacement
GRADE ⊕⊝⊝⊝ evidence very low






[bookmark: _Toc180403015][bookmark: _Toc209691457][bookmark: _Hlk206505406][bookmark: _Toc177042458][bookmark: _Toc177042599][bookmark: _Toc177044212][bookmark: _Toc177045421][bookmark: _Toc180137520][bookmark: _Toc180137661][bookmark: _Toc180402875][bookmark: _Toc180403016][bookmark: _Toc189302391][bookmark: _Toc189302532][bookmark: _Toc189570045][bookmark: _Toc193098784][bookmark: _Toc206496143][bookmark: _Toc206497427][bookmark: _Toc206506032][bookmark: _Toc206508439]Dose of Renal Replacement Therapy
[bookmark: _Toc180403019]PICO Questions
	
	1 – CVVH: high vs standard dose

	P
	In critically ill patients with AKI and RRT

	I
	Does the use of HIGHdose (KONT) (>25 ml/kg/h) lead to improved outcomes

	C
	compared to STDdose (25 ml/kg/h)?

	O
	mortality, recovery from the AKI, more SAE



	
	2 – IHD: high vs standard dose

	P
	In critically ill patients with AKI and RRT

	I
	Does the use of HIGHdose (daily IHD) lead to improved outcomes

	C
	compared to STDdose (3/week)?

	O
	mortality, recovery from the AKI, more SAE?



	
	3 – CVVH: high-volume vs standard dose

	P
	In critically ill patients with AKI and RRT and sepsis

	I
	Does the use of high-volume hemofiltration lead to improved outcomes

	C
	compared to standard volume?

	O
	mortality, recovery from the AKI, more SAE


[bookmark: _Toc180403020]PIO Questions
	
	4 - Overdialysis

	P
	In critically ill patients with AKI and RRT

	I
	Is hypophosphatemia a surrogate parameter for overdialysis?

	O
	SAE


[bookmark: _Toc180403021]


PICO Search Terms
	Patient
	Intervention 
	Comparison
	Outcome

	Critical care, critically ill
intensive care
	Dose
	Standard of care
	renal recovery

	
	High volume
	
	Duration of RRT

	Acute kidney injury
Acute renal failure
	intensity
intensive
	
	mortality

	Renal replacement therapy
	increased
	
	

	Dialysis, Hemofiltration, hemodiafiltration
	
	
	


[bookmark: _Toc180403023]Database Search string
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (acute kidney injury OR acute renal failure) 
AND (critical care OR intensive care OR critically ill) 
AND NOT[TI] pediatric OR neonates OR children
AND (high volume OR dose OR intensity OR intensive OR increased) 


[bookmark: _Toc180403024][bookmark: _Toc209691458]PRISMA Chart Dose
Records identified through PubMed searching
(n =363)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching
(n = 450)
Records after duplicates removed
(n = 863)
Records screened
(n = 200)
Trial protocols, pediatric, comments, editorials excluded
(n = 119)
Full-text articles assessed for eligibility
(n = 81)
Retrospective (n = 6)
Observational (n= 27)  
Records identified through Scopus searching
(n = 248)
RCTs (n = 30)
Systematic Reviews (n = 18)
  off-topic (n = 663)






[bookmark: _Toc180403025][bookmark: _Toc209691459]Systematic Reviews und AMSTAR2 Dose
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[bookmark: _Toc180403026][bookmark: _Toc209691460]Systematic Reviews synopsis: CVVH – Standard vs. high dose
	Study
	Studies
	Mortality
	Recreation
	SAE

	Zhongheng 2010 (254)
	6 RCT
	RR 0.91 (95% CI, 0.77, 1.08), p=0.29
	RR 0.95 (95% CI, 0.89, 1.00), p=0.05
	more hypophosphytemia due to Bellomo 2009 and Palevsky 2008, other no data

	Jun 2010 (100)
	8 RCT
	RR 0.89 (95% CI, 0.76, 1.04), p=0.14
	RR 1.12 (95% CI, 0.95-1.31), p=0.81
	n.a.

	Casey 2010 (32)
	7 RCT
	RR 0.88 (95% CI 0.75–1.03)
	RR 1.12 (95% CI 0.86–1.46)
	n.a.

	Van Wert 2010 (216)
	12 RCT
	RR 0.89 (95% CI, 0.77–1.03)
	RR 1.15 (95% CI 0.92–1.44)
	n.a.

	Negash 2011 (145)
	5 RCTs
	RR 28d 0.88 (95% CI, 0.70, 1.11), p=0.28
	n.a.
	n.a.

	Borthwick 2013 (25)
	
	RR ICU 0.59 (95% CI, 0.19, 1.59)
RR 28d 0.67 (95% CI, 0.22, 2.03)
	n.a.
	n.a.

	Fayad 2016 (61)
	6 RCT
	RR 30d 0.92 (95% CI 0.80 -1.06); low evidence quality
	RR (free of RRT d30) 1.03 (95% CI, 0.96, 1.11), low evidence quality
RR (free of RRT d90) 0.98, 95% CI, 0.94-1.01, moderate evidence quality
	Hypophosphatemia: RR 1.21, 95% CI 1.11-1.31; High quality evidence (1 study); AE: RR 1.08, 95% CI 0.73 to 1.61; moderate evidence quality

	Li 2017 (116)
	8 RCTs
	RR 90d 0.90 (95% CI, 0.73, 1.11), p=0.32
	good
	good

	Borthwick 2017 (26)
	4 RCT
	RR d90 0.89 (95% CI, 0.60-1.32 low evidence quality
	good
	good

	Wang 2018 (228)
	8 RCT
	RR 28d 0.93 (95% CI, 0.8-1.09), p=0.4
RR 90d 0.91 (95% CI, 0.74-1.13), p=0.41
	RR (RRT dependency 28d) 1.15 (95% CI 1.0-1.33), p=0.05; RR (RRT dependency 90d) 1.24 (95% CI 0.79-1.95), p=0.35
	good

	Result
	10 SR
	no difference - GRADE
mortality ⊕⊕⊕⊕ evidence good
	no difference - GRADE 
renal recovery ⊕⊕⊝⊝ evidence Low
	no difference - GRADE 
SAE ⊕⊕⊝⊝ evidence low


[bookmark: _Toc180403027][bookmark: _Toc209691461]Trials: CVVH - Standard vs. high dose
	Study
	Design
	N
	Definition randomized groups (I: increased, L: low)
	Primary outcome
	Mortality
	Renal recovery
	Notes

	Bouman 2002 (28)
	RCT, multi
	106
	CVVH
I1: 48.2ml/kg/h within 12h
I2: 19-20ml/kg/h within 12h
L: 19-20ml/kg/h if patients develop an absolute criterion for RRT
	survival 28d
renal recovery
	survival d28: 74.3% in early high-volume CVVHF, 68.8% in early low-volume CVVHF, and 75.0% in late low-volume CVVHF (p=.80)
	all hospital survivors had renal recovery (1 exception)
	

	Atn 2008 (11)
	RCT, multi
	1124
	I: IHD 6x/week (Kt/V 1.2-1.4 per treatment) OR CVVHDF administered dose 35ml/kg/h
L: IHD 3x/week (Kt/V 1.2-1.4 per treatment) OR CVVHDF administered dose 20ml/kg/h
	mortality 60d
	53.6% intensive vs. 51.5% less intensive (OR, 1.09; 95% CI, 0.86 to 1.40; P=0.47)
	complete recovery: 15.4% intense vs. 18.4% less intense
partial recovery: 8.9% intense vs. 9.0% less intense (P=0.24).
	more hypotension and electrolyte disorders in the intensive group

	Saudan 2006 (181)
	RCT, single
	206
	CVVHDF and CVVH
I: prescribed dose 42ml/kg/h
L: prescribed dose 25ml/kg/h
	Survival d28 and d90
	D28: 39% vs. 59% (P=0.03) D90: 34% vs. 59% (P=0.0005)
	71 vs. 78% (P=0.62)
	

	Tolwani 2008 (207)
	RCT, single
	200
	CVVHDF
I: prescribed dose 35ml/kg/h
L: prescribed dose 25ml/kg/h
	Surviving ICU discharge or d30
	49% high-dose vs. 56% in standard-dose (OR, 0.75; 95%-CI, 0.43 to 1.32; P = 0.32)
	69% high-dose vs. 80% standard-dose (P=0.29)
	

	Renal 2009 (170)
	RCT, multi
	1465
	CVVHDF
I: prescribed dose 40ml/kg/h
L: prescribed dose 25ml/kg/h
	mortality 90d
	44.7% in each group (OR, 1.00; 95%-CI, 0.81 to 1.23; P=0.99)
	6.8% higher-intensity vs. 4.4% lower-intensity, continued to receive RRT (OR, 1.59; 95% CI, 0.86 to 2.92; P=0.14)
	hypophosphatemia 65% in higher intensity group vs. 54% lower intensity (P<0.001)

	Result
	8
	3101
	Higher dose does not improve survival or renal recovery in critically ill patients with ACI requiring dialysis compared to lower dose (25ml/kg/h). CAVE: differences in modalities, CAVE: differences in the primary objective criteria
mortality 30 days after randomization: OR, 0.92 (95% CI, 0.80, 1-06), P=0.26
renal recovery (free of CRRT d30): OR, 1.03 (95% CI, 0.96, 1.11), P=0.46
	GRADE
mortality ⊕⊕⊕⊝ moderate evidence 
renal recovery ⊕⊕⊕⊝ moderate evidence



[bookmark: _Toc180403028][bookmark: _Toc209691462]Trials: Standard vs. high dose in IHD
	Study
	Study
	N
	Dose
	Mortality (Int: intensive, Std: standard)
	Dialysis dependency in survivors
	ROB
	Notes

	Conger 1975 (42)
	RCT
	18
	7/wk vs 2.5/wk
	Int 3/8
Standard 8/10
	Int 0/5
Hrs 0/2
	3/6
	alternating randomization

	Gillum 1986 (78)
	RCT
	34
	6.1/wk vs 3.1/wk
	Int 10/17
Std 8/17
	Int 0/7
Hour 1/9
	3/6
	Randomization with coin toss

	Schiffl 2002 (183)
	RCT
	160
	6.2/wk vs 3.2/wk
	Int 22/80
Std 37/80
	Int 2/58
hrs 0/43
	3/6
	alternating randomization

	Faulhaber-Walter 2009 (59)
	RCT
	157
	SLED 
Urea target <90 vs 120-150 mg/dl
	Int 63/81
Std 29/75
	Int 18/45
Std 17/46
	2/6
	no blinding possible

	Palevsky 2009 (148)
	Posthoc
	1232
	5.4/wk vs 3.0/wk
kt/V 1.32 ±0.36
	Int 33/108
Std 39/138
	Int 56/75 (74.6%) d60
STD 75/99 (58.0%) D60
	1/6
	Patient numbers calculated from percentages, therefore calculation without and with this work (with*)

	n total
	
	
	
	Int 98/186-
Std 82/182
Int 131/310 with*
Std 121/320
	Int 20/115
Std 18/100
Int 76/190 with*
Std 93/199
	

	RR total
	
	
	
	RR 1.08 (95% CI 0.87-1.33) p= 0.677
RR 1.12 (95% CI 0.92-1.35) p=0.255 with*
	RR 0.96 (95% CI 0.54-1.72) P= 0.91
RR 0.86 (CI 95% 8.68-1.08) p=0.18 with*
	no difference
GRADE 
mortality ⊕⊕⊕⊝ moderate evidence
Renal recovery ⊕⊕⊕⊝ moderate evidence



[bookmark: _Toc180403029][bookmark: _Toc209691463]Observational Studies: Standard vs. High Dose in IHD
	Study
	Study
	pat. (n)
	Dose
	mortality
	Dialysis dependence in survivors
	Notes

	Abrao 2012 (5)
	OT
	121
	kt/V > 5.16 low
kt/V < 5.16 high
	Lo 41/61 (67.2%)
Hi 29/60 (48.3%), p=0.055
	good 
	high kt/V also in control group 

	Result
	
	
	
	
	
	no difference
GRADE ⊕⊝⊝⊝ very low evidence









[bookmark: _Toc180403030]

[bookmark: _Toc209691464]Systematic Reviews: Standard vs. high volume dose
	Study
	Design
	Mortality
	Studies
	Result 
	AE
	Notes

	Borthwick 2013 (25)
	3 RCT
	RR ICU 0.59 (95% CI, 0.19, 1.59)
RR 28d 0.67 (95% CI, 0.22, 2.03)
	Boussekey 2008, Cole 2001, Ghani 2006,
	
	
	

	Clark 2014 (40)
	4 RCT
	OR d28 0.76 (95% CI, 0.45-1.29), p=0.31
	Boussekey 2008, Sanchez 2010, Zhang 2012, Joannes Boyau 2013
	D28 mortality ns
	individual studies show more hypophyphahatemia, more hypothermia
	

	Borthwick 2017 (26)
	4 RCT
HV
	RR d90 0.89 (95% CI, 0.60-1.32), low quality of evidence
	Boussekey 2008, Cole 2001, Ghani 2006, Joannes-Boyau 2013 
	mortality ns
	Individual studies do not indicate AE
	High-volume
– until Dec 2015

	Junhai 2019 (101)
	21 RCT
HV
	mort RR=0.88 (0.81-0.96) P=0.004
APACHE2 -0.93 (-3.35-1.49) p=0.45
	12 studies China, 1 Malaysia, 6 Europe, 1 Aus/NZ, 1 USA
	Better survival
APACHE ns
	not reported
	Funnel Plot: publication bias
mortality not defined, all mixed
HVHF eliminates more cytokines

	Yin 2020 (241)
	5 RCT
HV
	28d mort RR 0.96 (0.67-1.38), p=0.4
	Boussekey 2008, Cole 2001, Ghani 2006, Joannes-Boyau 2013, Chung 37
	mortality ns
	Individual studies do not indicate AE
	until Jun 2019

	Huang 2021 (85)
	7 RCT
4 OT
6 RT
	mort OR 1.66 (1.36-2.01) p<0.001
MODS 0.94 (0.85-1.04) p=0.25
	15 studies from China, 1 Lithuania, 1 Japan, 2 Russia with 12-130 pts each, 9 CVVH, 8 HVHF, 1 TPE
	better survival
MODS ns
	OR 1.62 (1.24-2.11)
P=0.24
	until Jan 2021

	Result
	
	
	
	mortality - no difference GRADE ⊕⊝⊝⊝ very little evidence
SAE – inconsistent GRADE ⊕⊝⊝⊝ very low evidence





[bookmark: _Toc180403031][bookmark: _Toc209691465]Trials: Standard vs. high-volume dose
	Study
	Design
	N
	Definition randomized
groups
HV: high volume. LV: low volume)
	Primary outcome
	Mortality
	Number of patients
	Renal recovery
	ROB
	Note

	Ghani 2006 Ghani 2006 (77)
	RCT
	33
	HV 6000 ml/h
LV 2000 ml/h
	removal of inflammatory mediators
	RR 0.90 (0.40-2.02) p=0.79
	HV 6/15
LV 8/18 28-d dead
	n.a.
	3/6
	

	Boussekey 2008 (29)
	RCT, single
	20
	HV: 65ml/kg/h
LV: 35ml/kg/h
	vasopressors
	Survival d28: P = 0.65
	HV 3/9
LV 6/10 28d Death
	n.a.
	3/6
	

	Zhang 2012 (250)
	RCT, single
	280
	EV: 85ml/kg/h
HV: 50ml/kg/h
	Death (all causes) at d28, 60, 90
	Tod 28d: 57.4% vs. 58.3%
Tod 60d: 59.6% vs. 62.6%
Tod 90d: 59.6% vs. 63.3%; P=0.58
	
	Live with RRT at d90: 7% vs. 9.6%
	5/6
	

	Joannes-Boyau 2013 (96)  (IVORY ROAD)
	RCT, mutli
	137
	HV: 70ml/kg/h für 96h
LV: 35ml/kg/h für 96h
	mortality 28d
	37.9% vs. 40.8%; 0.93 (0.61-1.41)
P=0.94
	HV 25/66
LV 29/71 28d mortality
	n.a.
	5/6
	

	Combes 2015 (41)  (HEROIC)
	RCT, multi
	224
	HV: 80ml/kg/h for 48h, then changeover
LV: not exactly defined, actual dose achieved 18.6%
	mortality 30d
	36% vs. 36%, OR, 1.00 (95% CI, 0.58 - 1.73 P=1.00
	
	Live and renal recovery d30:
59% vs. 63%, OR 0.86 (95% CI, 0.50 to 1.47), P=0.55
	4/6
	

	Park 2016 (153)
	RCT, multi (2)
	212
	HV HDF 80 ml/kg
LV HDF 40 ml/kg
	Patient and kidney survival at d28 and d90 
	28-d mortality HR, 1.02; 95% CI, 0.73-1.43; P=0.9) 
	HV 69/105
LV 69/107 mortality
	28-d renal survival (HR, 0.96; 95% CI, 0.48-1.93; P=0.9
	2/6
	mortality and renal recovery equal
Predilution CVVHDF
Il1, IL6 sig. reduced

	Result 
	7 RCTs
	1012
	high volume renal replacement therapy, defined as >50ml/kg/h, in critically ill AKI patients with sepsis does not improve survival or renal recovery
however, it may increase cytokine elimination
	RR 0.98 (0.82-1.17)
P=0.79
	GRADE
⊕⊝⊝⊝ very little evidence 





[bookmark: _Toc180403032][bookmark: _Toc209691466][bookmark: _Toc206506042][bookmark: _Toc206508449]Pharmacology in Renal Replacement Therapy
[bookmark: _Toc180403036]PICO Questions
	P
	In critically ill patients with AKI and RRT

	I 
	Improves continuous antibiotic administration

	C
	Compared to prolonged antibiotic administrations

	O
	mortality, recovery from RRT, hemodynamic stability, SAE (thrombocytopenia, blood loss/transfusion frequency)?


[bookmark: _Toc180403037]
	P
	In critically ill patients with AKI and RRT

	I 
	Improves the application of a TDM

	C
	Compared to therapy without TDM

	O
	mortality, recovery from RRT, hemodynamic stability, SAE (thrombocytopenia, blood loss/transfusion frequency)



PIO Questions
	P
	In critically ill patients with AKI and RRT

	I
	1. How should the starting dose of an anti-infective drug be chosen?
2. How to choose the maintenance dose of an anti-infective drug? 
3. Is continuous infusion of a time-dependent antibiotic preferred over intermittent infusion?
4. Can the use of therapeutic drug monitoring be recommended?
5. When is RRT helpful for lithium intoxication?
6. When can RRT be considered for the elimination of exogenous substances (drugs, poisons)?

	O
	mortality, clinical cure


[bookmark: _Toc180403038]


PICO Search Terms
	Patient
	Intervention 
	Comparison
	Outcome

	critical care
critically ill
intensive care
	continuous antibiotic administration
	prolonged antibiotic administration
	mortality

	acute kidney injury
acute renal failure
	TDM
	no TDM
	clinical cure

	renal replacement therapy
dialysis
Hemofiltration
hemodiafiltration
	
	
	


[bookmark: _Toc180403040]Database Search string
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) AND (critical care OR intensive care OR critically ill) AND ((antiinfective OR antibiotic) AND (pharmacodynamic OR pharmacokinetic) OR (prolonged OR intermittent OR bolus OR continuous) OR (therapeutic drug monitoring))  

[bookmark: _Toc180403041][bookmark: _Toc209691467]PRISMA Chart
Records identified through PubMed searching
(n = 842)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching
(n = 903)
Records after duplicates removed
(n = 944)
Pediatric, no critical care, Trial protocols, 
off-topic excluded (n = 409)
Full-text articles assessed for eligibility
(n = 516)
SR
n = 36
Records identified through Scopus searching
(n = 289)
Continuous vs intermittend infusion n=222
PK/PD and TDM
n = 258
Records screened
(n = 535)
Non-sytematic Reviews, state of the art articles exluded (n = 19)



[bookmark: _Toc180403042][bookmark: _Toc209691468]Systematic Reviews synopsis PK/PD 1 
IB: intermittent bolus, PI: prolonged infusion, CI: continuous infusion, PK/PD: pharmacokinetic/pharmacodynamic

	Study
	Anti-Infective
	Topic
	Comparison

	RRT included
	Result 
	Notes

	Antonello 2021 (9)
	Fosfomycin
17 trials
	continuous infusion
	Dosage
	--
	Loading dose 8g
Maintenance dose 16-24g/d
	

	Chen 2020 (37)
	Meropenem
7 trials
1191 patients
	continuous infusion
	CI vs IB
	--
	CI vs IB:
mortality RR = 0.66, 95% CI 0.46–0.98, p = 0.03)
clinical cure RR = 1.15, 95% CI 1.02–1.30, p = 0.026
microbiological eradication RR 1.20, 95% CI 1.01–1.42, p = 0.04
	CI better than IB, reduced mortality, clinical cure


	Dhaese 2020 (50)
	ß-Lactame
33 trials
	extended infusion
	PI vs IB
	--
	adjusted effect PI vs IB auf
bacterial killing low (coefficient 0.66, 95% confidence interval − 0.78 - 2.11)
	IB and PI require different PK/PD targets, no difference in bacterial killing

	Duceppe 2021 (51)
	ß-Lactame
32 trials
	ECMO
	Dosage
	(--)
	Effects of ECMO on PK/PD varied depending on the substance
	evidence insufficient
PK/PD strongly dependent on other organs

	El-Haffaf 2021 (56)
	Piperacillin/ Tazobactam
10 trials
	HP
	PK Optimization
CI vs IB
	and
	lowest piperacillin clearance 3.12 L/h, highest 19.9 L/h. varied between 11.2 - 41.2 L. Tazobactam clearance 5.1-6.78 L/h, and tazobactam Vd 17.5 - 76.1 L.
	CI achieved PD goals more reliably

	Falagas 2013 (58)
	Piperacillin/
Tazobactam
Carbapenem
14 trials
	continuous infusion
	CI vs IB
	--
	CI led to mortality RR 0.59, 95%CI 0.41-0.83)
pneumonia: mortality RR 0.50; 95% CI, 0.26–0.96
	CI lower mortality

	Fawaz 2020 (60)
	Piperacillin/ Tazobactam
23 trials
3828 patients 
	continuous infusion
	CI vs IB
	--
	clinical cure OR 1.56, 95% CI 1.28-1.90, P = 0 .0001), mortality rates OR 0.68, 95% CI 0.55-0.84, P = 0 .0003)
	CI less mortality, more clinical cure

	Flannery 2020 (66)
	Vancomycin
11 trials
	continuous infusion
	CI vs IB
	--
	AKI OR, 0.47; 95% CI, 0.34-0.65
PTA OR 2.63; 95% CI, 1.52-4.57
	53% reduction in AKI and 2.6x better PTA under CI


[bookmark: _Toc180403043][bookmark: _Toc209691469]Systematic Reviews synopsis PK/PD 2
IB: intermittent bolus, PI: prolonged infusion, CI: continuous infusion, PK/PD: pharmacokinetic/pharmacodynamic

	Study
	Anti-Infective
	Topic
	Comparison

	RRT included
	Result 
	Notes

	Hao 2016 (81)
	Vancomycin
	continuous infusion
	AKI Risk
	--
	AKI RR=0.61, 95% (CI) 0.47-0.80; P<0.001
treatment failure no difference
	less AKI under CI

	Heidari ,Khalili 2023 (82)
	Linezolid
35 trials
	PK
	PK/PD
	yes
	dose adjustment recommended in special collectives. Under RRT dose reduction and TDM.
	

	Hoff 2020 (84)
	Review
narrative
	RRT modalities
	PK/PD
	yes
	PK and PD under different RRT modalities
	

	Hui 2022 (86)
	Linezolid
	continuous infusion
	PK/PD
	yes
	Linezolid requires dose adjustment depending on PK/PD conditions
	

	Ishikawa 2023 (87)
	ß-Lactame
neutropenia
5 trials
	continuous infusion
	CI vs IB
	--
	Clinical failure RR (95% CI 0.74 (0.53, 1.05)
mortality RR 1.25, 95% CI 0.44, 3.54) 

	no difference in mortality, but shorter fever periods

	Lee 2018 (115)
	ß-Lactame
pneumonia
13 RCTs

	continuous infusion
	CI vs IB
	--
	clinical cure RR 1.177; 95% CI 1.065–1.300) p<0.05
mortality RR 0.845; 95% CI 0.644–1.108 p=ns
	CI has better clinical cure rates

	Liu 2023 (126)
	Linezolid
RRT
6 trials
	RRT modalities
	PK/PD
	yes
	High variability - Individualized dosing and TDM required under RRT
	

	Luo 2019 (129)
	miscellaneous
	prolonged 
	PI vs IB
	--
	mortality RR = 0.77, 95% CI = 0.66-0.89  clinical cure RR = 1.11, 95% CI = 1.04-1.19
	Less mortality and better clinical cure under CI


[bookmark: _Toc180403044][bookmark: _Toc209691470]Systematic Reviews synopsis PK/PD 3
IB: intermittent bolus, PI: prolonged infusion, CI: continuous infusion, PK/PD: pharmacokinetic/pharmacodynamic

	Study
	Anti-Infective
	Topic
	Comparison

	RRT included
	Result 
	Notes

	Perrott 2010 (158)
	Meropenem
20 trials
	prolonged 
	CI vs IB
	--
	PTA under CI and IB comparable, consider smaller doses with shorter intervals
	

	Roberts 2023 (175)
	ß-Lactame
12 SR
	narrative Review
	Review by SR
	--
	evidence for PK/PD still needed
	A meta-analysis of existing SR

	Roberts 2009 (176)
	ß-Lactame
14 trials
	continuous infusion
	PI vs CI
	--
	clinical cure (n = 755 patients; OR 1.04, 95% CI 0.74-1.46, p = 0.83
mortality (n = 541 patients; OR 1.00, 95% CI 0.48-2.06, p = 1.00
	no difference between CI and IB for mortality and CC

	Shiu 2013 (190)
	Cochrane
CI vs IB
29 trials
	continuous infusion
	IB vs CI
	--
	all–causes mortality (n = 1241, RR 0.89, 95% CI 0.67 to 1.20, P = 0.45 
clinical cure (n = 975, RR 1.00, 95% CI 0.93 to 1.08, P = 0.98
	no difference CI vs IB

	Sime 2012 (192)
	ß-Lactame
158 trials
	TDM
	TDM vs Std
	--
	Clinical trials were still lacking in 2012
	Theoretically sensible, but data are still missing (2012)

	Steffens 2021 (200)
	Meropenem
35 trials
	TDM
	TDM vs Std
	--
	TDM optimized PK/PD from Meropenem
	TDM Recommended

	Thabit 2019 (205)
	ß-Lactame
39 trials
	Prolonged 
	PI vs IB
	--
	CI can produce better fT > MIC, IB usually a sufficient PTA
	TDM had advantages

	Vardakas 2018 (217)
	Antipseudom
ß-Lactame
22 trials
	Prolonged
	PI vs IB
	--

	mortality RR 0·70, 95% CI 0·56-0·87
	PI had less mortality

	Waineo 2015 (223)
	Vancomycin
6 trials
	continuous infusion
	CI vs IB
	--
	CI leads to less AKI
	AUC24 suitable for vancomycin dosing

	Yusuf 2014 (244)
	Piperacillin
Tazobactam
5 trials
	Prolonged
	CI vs IB
	--
	PI with less nephrotoxicity
PI or CI for time-dependent antibiotics, esp. for patients with severe infections
	PI and CI superior

	Zhu ,Zhou 2018 (258)
	Different
53 trials
	Prolonged
	CI vs IB
	--
	CI superior
	

	Jamal 2014 (92)
	Piperacillin Vancomycin Meropenem
30 trials
	RRT and PK/PD
	
	+
	correlation Effluent Rate and Clear.:
Meropenem (rs = 0.43; p = 0.12), piperacillin (rs = 0.77; p = 0.10)
Vancomycin (rs = 0.90; p = 0.08). Target attainment: Meropenem (89%), Piperacillin (83%), Vancomycin (60%) 
	Effluent rate was best predictor of antibiotic clearance


	Abdul-Aziz 2024 (2)
	ß-Lactame
18 RCTs
	Prolonged 
	CI vs IB
	-
	90d mortality: risk ratio 0.86 (95% CI, 0.72-0.98; I2 = 21.5%
Clinical Cure: risk ratio 1.16; 95% CI, 1.07-1.31;
	BLINGIII included: CI better survival and more clinical cure


[bookmark: _Toc180403045][bookmark: _Toc209691471]Systematic Reviews continuous vs prolonged antibiotic application: AMSTAR2  
[image: ]
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	Study
	Trials
	Anti-Infective
	Mortality
	Clinical cure

	Notes

	Falagas 2013 (58)
	3 RCT
3 OT
8 RT
	Carbapenem
Piperacillin
	0.59 (95% CI 0.41–0.83)
P=0.003
	RR = 1.13 (95% CI 0.99- 1.28)
P=0.08
	CI reduced mortality from carbapenems and piperacillin	


	Roberts 2016 (174)

	3 RCT
	ß-Lactame
	30d M: 19.6 vs. 26.3% 
RR 0.74 (95% CI 0.56-1.00)
P=0.045
	55.4 vs 46.3%
RR 1.20 (95% CI 1.03-1.40)
p= 0.021
	Clinical cure = disappearance of all signs and symptoms at 7-14d after end of treatment
CI reduces mortality in ß-lactams

	Lee 2018 (115)
	13 RCT
	ß-Lactame
	RR 0.845 (95% CI 0.644-1.108)
P=0.819
	RR 1,177 (95% CI 1.07-1.30)
P=0.121
	Subgroup Sepsis more clinical cure for Meropenem RR 1.194 CI95% 0.46-0.98) 0.072

	Yu 2018 (243)
	6 RCT
4 OT
	Meropenem
	RR 0.66 (95% CI 0.50-0.88)
P=0.004
	OR 2.10 (95% CI 1.31±3.38)
P=0.002
	PI or CI had lower mortality and better clinical cure with meropenem

	Vardakas 2018 (217)
	14 RCT
	ß-anti pseudom.
(Carb, ß-LAct)
	RR 0.70 (95% CI 0.56-0.87)
P=0.001
	RR 1.06, 95%CI 0.96–1.17, I2=39%) 
	CI reduced mortality, no difference in clinical cure

	Luo 2019 (129)
	30 RCT
5 OT
8RT
	antibiotics
	RR = 0.77, (95% CI 0.66–0.89)
	RR = 1.11, (95% CI 1.04–1.19),
	CI or PI reduced mortality and improved clinical cure, if only RCTs were evaluated, then only clinical cure was better.

	Chen 2020 (37)
	1 RCT
6 OT
	Meropenem

	RR = 0.66, (95% CI 0.46–0.98)
p = 0.03 
	RR = 1.15, (95% CI 1.02–1.30) P=0.026
	CI improved outcome at Meropenem - Mainly OTs evaluated

	Fawaz 2020 (60)
	10 RCT
2 OT
10 RT
	Piperacillin
Tazobactam
	OR 0.68 (95% CI 0.55–0.84) 
P = 0 .0003
	OR 1.56, (95% CI 1.28–1.90) 
P = 0 .0001)
	CI or PI reduced mortality and improved clinical cure for piperacillin/tazobactam

	Wu 2021 Wu 2021 (232)
	18 RCT
	ß-Lactame
	RR 0.82 (95% CI 0.72-0.94)
	RR 1.31 (95% CI 1.15-1.49)
	CI or PI reduced mortality and improved clinical cure for ß-lactams

	Ishikawa 2023 (87)
	3 RCT
2 RT
	ß-Lactame
	RR 1.25 (95% CI 0.44, 3.54)
	RR 0.74 (95% CI 0.53, 1.05)
“Clinical failure”
	CI or PI reduced mortality and clinical failure 

	Abdul-Aziz 2024 (2)
	18 RCT
	ß-Lactame
	RR 0.86 (95% CI, 0.72-0.98; I2 = 21.5%; high certainty

	RR 1.16; 95% CI 1.07-1.31; moderate certainty
	CI or PI reduced mortality and improves clinical cure for ß-lactams

	Result
	9 SR
	
	Mortality ⊕⊕⊝⊝

	Clinical Cure ⊕⊕⊝⊝

	PK/PD attainment ⊕⊕⊕⊝



[bookmark: _Toc180403047][bookmark: _Toc209691473]Trials: New studies (without RRT) - continuous vs prolonged anti-infective drugs
	
	Trial
	Anti-Infective
	n
	Mortality
	Clinical cure
	ROB
critical
	Notes

	Dulhunty 2013 (53)  (BLING1)
	RCT
	ß-Lactam
	60
	90% vs 80%, p=0.47
	70% vs 43%; P = .037
	
0/6
	CI: MIC achieved in 82% of patients (18 of 22)
IB: MIC achieved in 29% (6 of 21) (P = .001). 

	Dulhunty 2015 (54)  (BLING2)
	RCT
	ß-Lactam
	432
	74.3% vs 72.5%
HR 0.91 (95% CI 0.63-1.31)
P = 0.61).
	52.4% vs 49.5% 
OR 1.12 (95% CI 0.77-1.63)
P = 0.56
	0/6
	59/220 (26.8%) had RRT
no difference


	Abdul-Aziz 2016 (3)  (BLISS)
	RCT
	ß-Lactam
	140
	14d: HR 0.63 (95%CI 0.32-1.20), p=0.166
30d: HR 0.77 (95%CI 0.43-1.34), p=0.360
	56 vs 34%, p = 0.011
	1/6
	RRT was an exclusion criterion
fT/MIC better with CI 
CI improved clinical cure, no difference for mortality

	Monti 2023 (138)  (MERCY)
	RCT
	Meropenem
	607
	47 vs 49% RR 0.96 (95% CI 0.81-1.13), p 0.60 Composite PO: 
mortality + resistance
	d28, median (IQR, 0 – 15d) antibiotic-free d:
CI: 3d vs IB: d2, mean difference, 0.4 d 95% CI −0.9 - 1.7d, P = .57 
	0/6
	no difference mortality+resistance endpoint
no difference antibiotics days off


	Dulhunts 2024 (52) (BLING3)
	RCT
	ß-Lactam
	7202
	odds ratio, 0.91 (95%CI 0.81 to 1.01), P = .08
	OR 1.26 (1.15 - 1.38) <.001
	0/6
	no difference in mortality, better clinical cure

	Result
	6 RCT
	6221
	mortality: no difference
GRADE ⊕⊕⊕⊝ 
moderate highlight
	clinical cure:
GRADE ⊕⊕⊕⊝ 
Moderate highlight
	 new RCTs with good study quality



[bookmark: _Toc180403048][bookmark: _Toc209691474]Trials: New studies (with RRT) - continuous vs prolonged anti-infective doses
	Study
	Trial
	Anti-Infective
	n
	RRT
	Clinical cure
Cont. vs Bolus Gifts
	HP/PD 
target attainment (TA)
Cont. vs Bolus Gifts
	ROB
Critical
	US
reached
	Notes

	Jamal 2015 (90)
	RCT
	Meropenem
	16
	CVVH
	na.
	TA (2 mg/l) >4x 100%t: 
100% for CI and IB
	2/6
	--
	CI better steady state
IB higher peak concentrations

	Jamal 2015 (91)
	RCT
	Pip
	16
	CVVH
	na.
	TA (16 mg/l) >4x 100%t 
87.5 vs 62.5%
	2/6
	--
	CI higher TA

	Langgartner 2008 (113)
	RCT
	Meropenem
	6
	CVVHDF
	na.
	227 vs 233 mg/l/h AUC
	2/6
	--
	AUC comparable

	Dulhunty
2015
	RCT
	ß-Lactam
	432
	not defined
	74.3% vs 72.5%
HR 0.91 (0.63-1.31) P = 0.61).
	52.4% vs 49.5% 
OR 1.12 (0.77-1.63)
P = 0.56
	0/6
	--
	59/220 (26.8%) had RRT
no RRT subgroup analysis

	Shotwell 2016 (191)
	OT
	Pip/Taz
	68
	CVVH, CVVHDF
	
	At 6g/d <45% TA At 9g/d >95% TA
(TA: 4x 50%t)
	--
	4/9
	CI was associated with better PTA, Effluent rates influence PTA

	Philpott 2019 (159)
	OT
	Cefepime
	10
	CVVH, CVVHD
	
	All achieved MIC8x 100%t
	--
	6/9
	no comparison group

	Awissi 2015 (13)
	OT
	Pip/Taz
	20
	HDF
	--
	90% reached 64 mg/L with prolonged administration
	--
	5/9
	4h Pip/Taz Infusion
SC = 0.809, Clr 65.8 ml/min

	Judges 2019 (172)
	RT
	Pip/Taz
	484
	CVVHD, IHD
	
	Clearance fraud:
-no AKI 6.8 L/h 
-CVVHD 4.3 l/h 
-IHD 2.6 L/h (median)
	--
	7/9
	RRT Increased Pip/Taz Clearance
TDM required

	Result
	
	
	
	
	data available under RRT low – GRADE:
clinical cure ⊕⊝⊝⊝ evidence very low
target attainment ⊕⊝⊝⊝ evidence very low
	Under CI, a better target attainment was achieved
RRT procedures change clearance
Outcomes not significant
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[bookmark: _Toc209691475]Systematic Reviews AMSTAR: TDM
	
	1. PICO components
	2. Protocol before evaluation
	3. Study design explanation
	4. Comprehensive search strategy
	5. Duplicate study selection
	6. Duplicate data extraction
	7. Details of excluded studies
	8. Description of included studies
	9a. Risk of Bias (RCTs)
	10. Funding sources of RCTs
	11. MA: statistical methods 
	12. MA: ROB impact assessed
	13. ROB impact evaluated
	14. Heterogeneity
	15. Publication bias
	16. Reports conflicts of interest
	Overall rating of quality

	Sime 2012
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	poor

	Steffens 2021
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	poor

	Abdulla 2022
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	poor

	Sanz-Codina 2023
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	good

	Matusik 2022
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	good

	Luxton 2022
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	good






[bookmark: _Toc180403050][bookmark: _Toc209691476]Systematic Reviews: TDM in AKI and RRT
	Study
	until
	Anti-Infective
	Number of studies
	Pharmacokinetic target attainment
	Clinical cure

	Notes

	Sime 2012 (192)
	12/2020
	ß-Lactam
	158 trials
	na.
	na.
	no validated PK/PD targets

	Steffens 2021 (200)
	1/2021
	Meropenem
	35 trials
	na.
	na.
	TDM particularly helpful for AKI

	Abdulla 2022 (4)
	4/2021
	ß-Lactame
TDM
	6 RCT
	na.
	na.
	TDM often not available
PK/PD goals different

	Sanz-Codina 2023 (180)
	11/2022
	different
	10 RCT
	PTA: RR = 1.41 (95% CI 1.13-1.76)
	mortality RR=0.86; 95% CI, 0.71e1.05)
Therapy Failure: RR = 0.70 (95% CI 0.54-0.92)
	reduced nephrotoxicity (RR = 0.55 (95% CI, 0.31-0.97)

	Matusik 2022b (133)
	2021
	different
	139 trials
	na.
	na.
	highly variable TAs

	Luxton 2022 (130)
	6/2020
	Penicilline
	3 RCT
16 OT
9 case reports
	insufficient data
	insufficient data
	no meta-analysis possible

	Result
	
	
	
	Insufficient data
GRADE Target Attainment ⊕⊝⊝⊝ evidence very low
GRADE Clinical Cure ⊕⊝⊝⊝ evidence very low




[bookmark: _Toc180403051][bookmark: _Toc209691477]Trials: TDM in AKI and RRT
	Study
	
	Anti-Infective
	N
	Number of samples
	Procedure
	Dose adjustment
PK Target attainment (PTA)
	Other outcomes
	

	Connor 2011 (43)
	OT
	Pip
	19
	good 
	TDM in CVVH Effluat
	
	Piperacillin levels in dialysate correlated with serum levels
	

	Saved 2017 (55)
	RT
	div
	76
	111
	TDM in CVVH
	35% Changes
24% too high, 11% too low levels
	
	most Pt. had greatly increased levels

	Hail 2022 (79)  (TARGET)
	RCT
	Pip/Taz
	254
	1179
	cont and bolus ±TDM
	Target attainment better with TDM (37.3% vs. 14.6%, OR 4.5, CI 95%, 2.9–6.9, p < 0.001).
	1- SOFA with TDM (7.9 points; 95% CI 7.1–8.7) vs without TDM (8.2 points; 95% CI 7.5–9.0) (p = 0.39).
2-TDM 28d mortality (21.6% vs. 25.8%, RR 0.8, 95% CI 0.5–1.3, p = 0.44) 
3-clinical cure (OR 1.9; 95% CI 0.5–6.2, p = 0.30
4- microbiological cure (OR 2.4; 95% CI 0.7–7.4, p= 0.12), ns
	SOFA=PO, no difference between TDM and non-TDM group
approx. 1/4 RRT

	Judges 2019 (172)
	RT
	Pip/Taz
	484
	933
	TDM
	Initial dose: PTA in 34.3%, no PTA 10.1% -minimum PK target of ≥ 33 mg/L reaches in 89.9% (contains 30.2% harmful levels of SC ≥ 100 mg/L).
	no AKI/no RRT CL(PIP) 6.8/6.3 L/h (median/IQR)
CVVHD CL(PIP) 4.3/2.6 L/h
IHD CL(PIP) 2.6/2.3 L/h
	TDM improves TA, especially in AKI and RRT

	Roberts 2012 (173)
	OT
	Cipro
Mero
Pip/Taz
	24
	na.
	TDM am CVVH
	5% min PTA not reached; 40% higher PTA not achieved; 10% too high PTA
	no difference for intensity of RRT
	

	Result
	
	
	
	
	
	
	TDM on RRT
PK/PD attainment GRADE ⊕⊝⊝⊝ evidence very low



[bookmark: _Toc180403052][bookmark: _Toc209691478]Trials: Lithium
	
	Study
	Procedure
	Clearance
	Distance mmol/h
	HWZ
	Notes

	Van Bommel 2000 (214)
	CR
	HV-CVVH
	54 ml/min HV-CVVH

	4.45 mmol/h
	n.a.
	4.45 HV-CVVH (vs. 2.47 CVVHDF 2.42 CVVHD

	Fish, Pobes 2001 (155)
	CR
	CVVHD
High flux
	n.a.
	0.36-0.51 mmol/h,
Dialysat Lithium 2.48 mmol/L
	n.a.
	

	Eyer 2006 (57)
	RT
n=15
	IHD vs.
diuretics
	160 +/-15 mL/min with IHD
15 +/-9 mL/min by diuretics
	n.a.
	3.5 +/-0.8h 1. HD
29 +/-14h Diuretics
	22 lithium cases, 15 with IHD

	Oct. 2009 (135)
	CR
	IHD
CVVHDF
	IHD 173 ml/min
CVVHDF 61 ml/min
	n.a.
	n.a.
	first IHD, then CHHHDF to suppress rebound

	Lopez 2012 (127)
	RT
N=14
	IHD
	n.a.
	n.a.
	n.a.
	clinical cases described

	Schmidt 2014 (184)
	CR
	IHD
SLED
	IHD 177.4 ml/min (start)
SLED 129.3 (3h value)
	71.5%
	n.a.
	first IHD, then SLED to suppress rebound

	Decker 2015 (48)
	SR
N=228
	IHD
CVVH
	mean IHD 106.9 (40-180) ml/min CVVH mean 43.1 (19-64) ml/min
	n.a.
	n.a.
	SR and international guideline

	Lavonas 2015 (114)
	Cochrane
	--
	n.a.
	n.a.
	n.a.
	no RCTs found, therefore no analysis performed; however, bibliography lists up to 2014

	King 2019 (107)
	narrative Review
	--
	n.a.
	n.a.
	n.a.
	narrative review on RRT in intoxication

	Spatula 2023 (195)
	narrative Review
	IHD
CVVH
	endogenous GFR 30-40 ml/min
IHD GFR 40-180 ml/min
CVVH GFR 28-62 ml/min
	n.a.
	good 
	start HD >4 mmol/l
end HD <1 mmol/l

	Arnold 2020 (10)
	RT
n=12
	9 IHD, 2 CVVHD 
1 IHD+CVVHD
	good 
	good 
	good 
	91 pts with lithium intox., 72 with Li 1.5-2.5,
19 Pat with Li >2.5 mmol/l
literature

	Result
	
	
	GRADE ⊕⊝⊝⊝ evidence very low
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[bookmark: _Toc180403057]PICO Questions
	P
	In critically patients with AKI and RRT

	I 
	Do loop diuretics lead to more successful weaning and improved outcome 

	C
	compared to no diuretics

	O
	mortality, Weaning Success


[bookmark: _Toc180403058]
	P
	In critically patients with AKI and RRT

	I 
	Do protocol-based procedures lead to more successful weaning and an improved outcome 

	C
	compared to standard therapy

	O
	mortality, Weaning Success



	P
	In critically ill patients with AKI and RRT

	I 
	Can the amount of diuresis (I) indicate the end of RRT  

	C
	better than a) creatinine iS and b) crea in the urine as a concentration marker and c) the new biomarkers (NGAL, TIMP2/IGFB2 and others)?

	O
	mortality, Weaning Success


PIO questions
	P
	In critically ill patients with AKI and RRT

	I
	Which individualized RRT is supportive for a successful RRT liberation?
What parameters should indicate the continuation of RRT (fluid overload, hyperkalemia, acidosis)?

	O
	mortality, Weaning Success


[bookmark: _Toc180403059]
PICO Search Terms
	Patient
	Intervention 
	Comparison
	Outcome

	critical care, critically ill
intensive care
	discontinuation
weaning
liberation
stop, stopping
cessation
resolution
Recreation
termination
	standard of care
	mortality
weaning success

	acute kidney injury
acute renal failure
	
	
	

	renal replacement therapy
dialysis
Hemofiltration
hemodiafiltration
	
	
	


[bookmark: _Toc180403061]Database Search string
(renal replacement therapy OR dialysis OR hemofiltration OR hemodiafiltration) 
AND (acute kidney injury OR acute renal failure) 
AND (critical care OR intensive care OR critically ill) 
AND NOT[TI] pediatric OR neonates OR children
AND (discontinuation OR weaning OR liberation OR stop OR cessation OR termination OR resolution OR stopping OR recovery) 


[bookmark: _Toc180403062][bookmark: _Toc209691480]PRISMA Chart
Records identified through PubMed searching
(n = 481)
Screening
Included
Eligibility
Identification
Records identified through Cochrane searching (n = 174)
Records after duplicates removed
(n = 852)
Records screened
(n = 120)
Pediatric, no critical care, Trial protocols, off-topic excluded 
(n=732)
Full-text articles assessed for eligibility
(n = 61)
Retrospective (n = 25)
Observational (n= 23)  
Non-systematic Reviews, state of the art articles excluded (n = 59)
Records identified through Scopus searching (n = 324)
RCTs (n = 5
Posthoc (n= 5)
Systematic Reviews (n = 3) 
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[bookmark: _Toc180403064][bookmark: _Toc209691482]Evidence table: Definition for successful weaning
	Studies
	Definition of Successful Weaning - Weaning Success (WS)
	Notes

	Anmiort 2016 
	7d
	

	Baeg 2020
	7d
	

	Cantarovic 2004
	Spontaneous decrease in urea and creatinine for 2 consecutive days without RRT
	

	Chen 2020
	Hospital discharge
	

	Chen 2019
	7d
	

	Fröhlich 2012
	7d
	

	Heise 2012
	12 p.m.
	

	Ihara 2019
	Hospital discharge
	

	Itenov 2018
	5d & Crea max. 1.5x to baseline
	

	Jeon 2018
	3d
	

	Katayama 2016
	7d
	

	Kim 2018a
	14d
	

	Liu 2021
	3d
	

	Ohara 2022
	10d
	

	Pan 2022
	90d
	long term analysis

	Pattharanitima 2021
	no RRT 7d for hospital discharge
	

	Raurich 2018
	12 p.m.
	based on Heise 2012

	Shawwa 2022
	90d
	long term analysis

	City 2019
	2d
	

	Thomsen 2020
	3d
	

	Uchino 2009
	7d
	

	Viallet 2106
	15d
	

	Groote 2022
	2d
	ELAIN posthoc

	Wu 2007
	5d, 30d
	

	Yoshida 2018
	7d
	

	Zhang 2012
	7d
	

	20 studies 

	MW = 5.95 d, 7d: 8/20
	


[bookmark: _Toc180403065][bookmark: _Toc209691483]Trials: Effects of diuretics
Furosemide: Furosemide; W: Weaning

	Furosemide
at RRT end
	Design
	N
	Renal recovery

	Diuresis
	Mortality

	ROB
critical
	US
reached
	Notes

	Cantarovich 2004 (30)
	RCT
	338
	Furosemide 82/107
ctrl. 87/114
	renal recovery
diuresis in 3d postdialysis Period 
significantly greater with furosemide (11.5 vs 6.7 L/3 d; P=0.001).
	59/166 with furosemide 
50/164 without furosemide p= 0.36
	0/6
	good 
	+/-furosemide under RRT.
With furosemide 57%, without furosemide 33% 2L diuresis/d achieved

	2009 (215)
	RCT
	71
	Furosemide 23/31
ctrl. 24/29
P=0.42
	More Diuresis 
247 vs. 117 ml/h (Median)
	36% vs 32% p=0.8
	1/6
	good 
	Renal recovery: no difference
mortality no difference
more diuresis under furosemide

	Uchino 2009 (211)
	OT
Posthoc-analysis
	529
	with furosemide more W-Success 44.9 vs 24.9%, p=<0.001
	if 436 ml/d without diuretics or 2330 ml/d with diuretics then 80% chance of a W-success 
	mortality 28.5% vs. 42.7%, p < 0.0001
	
	
	RO as an indicator of W-success: 0.845 (0.799–0.883) without diuretics, worse with diuretics: 0.671(0.585– 0.750) 

	Heise 2012 (83)
	RT
	222
	good 
	W-Success 66 mL/h vs. 10 mL/h RO in W-Failure
	good 
	good 
	good 
	association described:
in WS 50 mg vs 0 mg in weaning failure group furosemide in the first 8h

	Jeon 2018 (95)
	RT
	1176
	with furosemide. more W-Success
OR 5,529 (95%CI 4,120–7,410)
p < 0.001
	more Diuresis
191 ml/d
125 ml/d (oliguric)
	
	good 
	good 
	in multivariate analysis, diuretics were associated with more WS RO at d1 cutoff: >125 mL/d correlated with W success

	Raurich 2018 (167)
	RT
	86
	W-Success 56.7% 
W-Failure.
61.8%, p=0.67
	more diuresis with diuretics 178 ml/6h
	In case of successful weaning: less hospital mortality 35.8% vs 57.9%, p=0.08
	good 
	good 
	higher AUC 0.94 for Pt with furosemide vs without furosemide AUC 0.85 Implies positive effect for WS with furosemide

	Yoshida 2019 (242)
	RT
	52
	W-Success 66% Diuretics, W-Failure 36%
	1810 ml/d without diuretics
1720 ml/d with diuretics
	
	good 
	good 
	rather association described:
in WS group, 66% vs 5% in weaning failure group had furosemide

	Baeg 2021 (15)
	RT
	1158
	On furosemide. d1, W-Success: 139 (23.4)
W-Failure 89 (15.8%), p=0.001
	more diuresis with furosemide
581 vs. 275 ml/d
	good 
	good 
	good 
	multivariate: RO ≥300 mL d1, and MAP 50∼78 mm Hg, K <4.1 mmol/L, and BUN <35 mg/dL (12.5 mmol/L) d0 predictive of W success
in univariate analysis, diuretics were predictive of W-success 

	Stads 2019 (198)
	OT
	92
	Under Diuretics d0–2 W-Success 44 (76) W-Failure 25 (81) p=0.607
	
	
	good 
	5/9
	association described:
[bookmark: _GoBack]in W success more furosemide 

	Result
	2 RCT
2 OT
5 RT
	
	
	
	Renal recovery: GRADE ⊕⊝⊝⊝ evidence very low 




[bookmark: _Toc180403066][bookmark: _Toc209691484]Trials: Weaning protocols and scoring systems
	Study
	Design
	Methodology
	N
	Variables
	Renal recovery
	Mortality
	Results
	NOS
reached
	Notes

	Baeg 2021 (15)
	OT
	4 variables with 0-8 points
	1158
	UO 
MAP
BUN
K
	n.a. 
only observation
	n.a.
	>5 points ROC 0.731
57% sensitivity
81% specificity
	n.a.
	UO 300 ml on d1
MAP 78 mmHg on d0
BUN 35 mg/dl on d0
K 4.1 mmol/l on d0

	Itenov 2018 (88)
	OT
posthoc
	creatinine
UO
Sex
age
	1328
	predictive value of a score with 4 variables and prediction recovery <25% or >75% likely
	n.a.
only observation
	n.a.
	pat. with calculated <25% recovery chance recovered only 21.5%
Pat with calculated chance >75% recovery: recovered to 81.7%
	7/9
	Prediction model vs. Validation cohort
AUC 73.1
four-field table grouped

	Mendu 2017 (137)
	OT
	flow Chart
>500 ml diuresis/d
	176
	standardized clinical assessment algorithms
	+
	n.a.
	RO not sufficient
mostly continued due to FO 69%, uremia 42%
	7/9
	recommended continue 97% followed
followed by 67% on recommendation discontinue

	Pan 2022a (151)
	OT
	consensus cluster algorithm
	124
	uNGAL/Crea
SOFA
eGFR
	n.a.
only observation
	n.a.
	3 clusters calculated via AI with different weaning and mortality outcomes
	7/9
	Artificial intelligence clustering showed clinical parameters in 3 patient clusters with different outcomes

	Tournament 2019 (208)
	RT
	protocol based algorithm
	30
	Ziel UO > 0.5 ml/kg/h
MAP >65, SVO2 >70%, Alb >30 g/l
	+
	n.a.
	UO (1.66 vs 1.21 ml/kg/h, p0.02) and SVO2 (93 vs 41%) was better with protocol
	8/9
	loop diuretics + 500 crystalloids
(+ Thiazides)
catecholamines, RBC, Albumin

	Result
	4 OT
1 RT
	N = 2816
	
	
	
	
	renal recovery GRADE ⊕⊝⊝⊝ evidence very low






[bookmark: _Toc180403067][bookmark: _Toc209691485]Trials: Diuresis, creatinine and urea in urine as biomarkers
	Create i.U
at RRT end
	Design
	N
	RO in case of W success or W failure
	Higher RO
Before Weaning
W-Success vs W-Failure
	Creatinine urine
Successful vs. not successful
	Urea in the urine
threshold for weaning
	US
reached
	Notes

	Aniort 2016 (8)
	RT
	67
	+
	>8.5 ml/kg/24h
threshold
	n.a.
	> 1.35 mmol/kg/24h
	5/9
	

	Frohlich 2012 (69)
	RT
	85
	+
	916 +/- 708, vs.
572 +/- 617
	2h-Cr-Clr:
36 +/- 21, vs. 16 +/- 9 
	n.a.
	6/9
	

	City 2019 (198)
	OT
	92
	+
	2424 ml/24h vs. 1640 ml/24h
	Cr-Clr:
29 ml/min vs. 7 ml/min
	n.a.
	6/9
	

	Thomsen 2020 (206)
	OT
	69
	+
	500 ml/24h vs.
100 ml/24h
	Cr-Clr:
62 mL/min vs. 43 mL/min
	n.a.
	6/9
	

	Viallet 2016 (219)
	OT
	54
	+
	2400 ml/24h vs. 1900 ml/24h
	Cr-Clr:
31 ml/min vs. 18 ml/min
	U-your:
187 vs. 86 mmol/24h
	6/9
	

	Result
	
	
	
	higher urine volume and higher creatinine concentration correlated with weaning success
renal recovery GRADE ⊕⊝⊝⊝ evidence Very Low




[bookmark: _Toc180403068][bookmark: _Toc209691486]Trials: Diuresis minimum quantity 
	Furosemide
At RRT outlet
	UO ml/d
Success
	UO ml/d
Failure
	Cut-off
Ml/d

	Uchino 
	1500 +/- 1388
	180 +/-552
	400

	Heise
	1584  +/-1654
	240 +/-515
	

	Wu
	1893 +/-967
	190 +/-628
	

	Katayama
	1392 +/-1214
	190 +/-628
	100 ml/d increase

	Viallet 
	2300 +/-1482
	1900 +/-1111
	2575

	Happy
	916 +/-708
	572 +/-617
	1810

	Urban 
	2424 +/-1232
	1640 +/-1217
	

	Yoshida
	 1990 +/-1008
	1080 +/-779
	1720

	Jeon
	
	
	191/d

	Urban 
	2424 +/-1232
	1640 +/-1217
	

	Raurich 
	1420 +/-1467
	168 +/-234
	178/6h (~534ml/24h)

	Aniort
	
	
	8.6 ml/kg/d

	Chen
	
	
	715

	Romero-Gonzales
	
	
	720

	Wu 2007
	1893 +/-967
	928 +/-915
	300

	Range
	
	
	191 – 2575 (1083 MW)



[bookmark: _Toc180403069][bookmark: _Toc209691487]Trials: Blood biomarkers and successful weaning
	
	Marker
	Design
	N
	Cut-off
	Sensitivity
	Specificity
	OR
	AUC
	Mortality 
	Time
	P-value
	US (*)
	Note.

	Zhang 2012 (252)
	SCys C
	RT
	232
	2.98 mg/L
	.81
	.84
	4.76 (2.83-8.01)
	.87
	39/145 WS
49/87 WF
	admission to ICU
	<.01
	9/9
	

	Kim 2018 (106)
	SCys C
	OT
	110
	1.85 mg/L
	.76
	.63
	0.29 (.12-.71)
	.74
	13/89 14.6%
13/21 61.9%
	last RRT
	.001
	9/9
	

	Yang 2018 (238)
	sCysC
	OT
	102
	Cutoff 2,47 mg/L
	.95
	.54
	=
	.74
	na.
	d1 after last RRT-session
	.002
	9/9
	S-creatinine better for prediction 

	Yang 2017 (237)
	sCysC
	OT
	302
	Cutoff 2.97 mg/L
	.8
	.585
	HR 1.52 (1.08-2.2)
	.708
	na.
	last RRT
	.016
	9/9
	Auch IHD

	Kim 2016. Abstract In MA Katulka
	Cys C-GFR
	OT
	112
	32.9 mL/min/1.73m2
	.65
	.76
	1.25
	.75
	na.
	?
	?
	9/9
	

	Kim 2018 (106)
	NGAL
	OT
	110
	> 554 μg/L
	.91
	.45
	
	.65
	so
	last RRT
	.029
	9/9
	NGAL not associated with WS after risk adjustment

	Chen 2019 (38)
	NGAL 
	OT
	110
	403 μg/L
	.91
	.61
	.995
	.81
	9/95,  
9,5% WS

101/134 75.4% WF p0.001
	start of RRT and last RRT
	<.001
	9/9
	Combination NGAL + RO (≥695 ml/d) in non-septic patients better than NGAL alone. NGAL not suitable for sepsis.

	Han 2016 (80)
	NGAL
	RT
	160
	< 456.3 ng/mL
	?
	?
	.95
	?
	n.a.
	start of RRT
	.871
	9/9
	

	Han 2016 (80)
	NTproBNP
	RT
	160
	< 15,767 pg/mL
	=
	?
	0.37 (.178-.787)
	.579
	n.a.
	start of RRT
	.01
	9/9
	AUC max. for NT-proBNP+CR+UO+ APACHE combination

	Srisawat 2011a (197)
	pNGAL (plasma)
	RT
	181
	257 ng/ml
	125 (ng/ml): .91
257 (ng/ml): .68
393 (ng/ml): .47
	.33
.75
.9
	2.02 (1.03-3.31)
	.74
	0/93 WS 
43/88 48.9%
p0.001
	1d (RIFLE-F)
	.015
	9/9
	Combination of age, SCr D1, PSI (pneumonia sev. Index), non-renal SOFA score + NGAL = best AUC (.8)

	Yang 2018 (238)
	pNGAL (plasma)
	OT
	102
	?
	?
	?
	?
	.661
	so
	d1 after last RRT-session
	.04
	9/9
	S-creatinine predicted better than any other biomarker

	Daniels 2021 (45)
	CXCL11
	Post-hoc RCT
	72
	1st Tertile
2nd Tertile
3rd Tertile
	1
11.51 (2.2-59.6)
11.31 (2.1-60.8)
	na.
	CRRT
	d8 
	.004
.005
	8/9
	*
	Daniels 2021
	CXCL11

	Daniels 2021 (45)
	n.a. 9
	Post-hoc RCT
	72
	1st Tertile
2nd Tertile
3rd Tertile
	1
14.6 (2.3-92.5)
10.4 (1.8-58.7)
	na.
	CRRT
	d8 after start
	.004
.008
	8/9
	proteonomic Single Factors **
	Daniels 2021
	n.a. 9

	By Groote 2022 (222)
	PEK A 119-159
	Post-hoc RT
	210
	≤89 vs. >89 pmol/L
	HR 1.83 (1.26-2.67)
	14/
55 WS
18/49 WF, p=0.8 
	CRRT
	≤ 48 h before CRRT 
	.002
	9/9
	estimated 28D cumul. incidence function of WS from RRT 61% vs. 45%, p = 0.022)
	By Groote 2022
	PEK A 119-159

	Daniels 2021 (45) 
	CXCL11
	Post-hoc RCT
	72
	1st Tertile
2nd Tertile
3rd Tertile
	1
11.51 (2.2-59.6)
11.31 (2.1-60.8)
	na.
	CRRT
	d8 after start
	.004
.005
	8/9
	*
	Daniels 2021
	CXCL11

	Result
	
	4 posthoc, 7 OT, 4 RT
	
	
	
	
	
	GRADE ⊕⊝⊝⊝ evidence very low


[bookmark: _Toc180403070][bookmark: _Toc209691488]Trials: Successful weaning and urine biomarkers
	
	Biomarker
	Design
	N
	Limits
	Sensitivity
	Specificity
	OR
	AUC
	Mortality
	Time
	P-value
	US
	Notes

	Thomsen 2020 (206)
	uNGAL
	OT
	54
	> 1650 ng/mL
	0.86
	0.73
	
	0.81
	n.a.
	6 h after completion
	
	9/9
	combination with 24-h RO (<210 ml) better (Sen. 0.79, Spec. 0.91)

	City 2019a (199)
	uNGAL
	OT
	90
	277 vs. 776 ng/mL mean
	
	
	1.00 (95% CI 1.00-1.00)
	
	so
	d2 after last RRT
	0.724
	9/9
	

	Pan 2022 (150)
	uL-FABP /Cr (log)
	OT
	140
	≥ 2.2 mg/g Cr
	
	
	HR (Cox): 0.35 uL-FABP ≥ 2,2 mg/g Cr
	0.79
	n.a.
	last RRT
	0.01
	9/9
	composite uL-FABP + SOFA score

	Result
	
	3 OT
	
	
	
	
	
	
	
	
	GRADE 
⊕⊝⊝⊝ evidence very low



[bookmark: _Toc180403071][bookmark: _Toc209691489]Trials: Successful weaning and fluid overload
	
	Design
	N
	Balance
success
	Balance
failure
	P-value
	Mortality
	US
reached
	ROB
critical
	Notes

	2009 (215)
	RCT
	71
	-169 (958)
	-75 (871) ml
	0.25
	14/55 W success
18/49 W failure, p=0.8 
	n.a.
	1/6
	Fluid Balance during the study

	Dewitte 2015 (49)
	OT
	57
	1910 (1300-2700)
at inclusion
	2670 (1860-3270)
	0.04
	2/29 7%W success
17/28 50% W failure p=0.001
	9/9
	n.a.
	

	Gaião 2016 (70)
	OT
	41
	3600 (1175-8025)
	12,000 (6625-17975 ml)
	0.004
	n.a.
	7/9
	n.a.
	very small cohort, selected

	Chen 2019 (38)
	OT
	110
	11,937.5―14,341.8
	11,604.8―14,179.7
	0.95
	9/95 9.5% W success
101/134 75.4% W failure p=0.001
	9/9
	n.a.
	

	City 2019 (198)
	OT
	92
	-1.284(2.884)
	-1.250 (2942)
	<0.001
	40/161 24.8% W success
26/ 77 33.8% W failure 
	6/9
	n.a.
	OR 0.734 (95% CI 0.618-0.876) p 0.001

	Wu 2017 (231)
	RT
	52
	-350 (-528-125)
	850 (220-990)
	0.001
	
	5/9
	n.a.
	only 9 vs 9 patients compared

	Raurich 2018 (167)
	RT
	86
	100(-3.300-3000) 
	4.800(-1000-9.300)
	0.002
	24/67, 35.8% W success
11/19 57.9% W-Failure p=0.08
	6/9
	n.a.
	

	Shawwa 2022 (188)
	RT
	854
	
	cumulative fluid balance associated with CRRT termination d7 per L increase 1.03(1.01-106) 0.001 as a predictor of prolonged RRT (>7d)
	
	n.a.
	9/9
	n.a.
	

	Bouchard 2009 (27)
	Posthoc
	618
	
	mortality with less FO to RRT end lower (35 vs 56%; P=0.0002).
	
	n.a.
	9/9
	n.a.
	

	Result
	
	
	
	
	
	GRADE 
Renal recovery ⊕⊝⊝⊝ evidence very low
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Tabellarische Zusammenfassung

		Autor / Jahr		Studientyp / Patienten / Modalität		Outcome		Kommentar

		Rabindranath 2008 (Cochrane)		15 RCTs (1550 patients); CRRT vs IHD		in-hospital mortality (RR 1.01, 95% CI 0.92 to 1.12), ICU mortality (RR 1.06, 95% CI 0.90 to 1.26), number of surviving patients not requiring RRT (RR 0.99, 95% CI 0.92 to 1.07), haemodynamic instability (RR 0.48, 95% CI 0.10 to 2.28) or hypotension (RR 0.92, 95% CI 0.72 to 1.16) and need for escalation of pressor therapy (RR 0.53, 95% CI 0.26 to 1.08). Patients on CRRT were likely to have significantly higher mean arterial pressure (MAP) (MD 5.35, 95% CI 1.41 to 9.29) and higher risk of clotting dialysis filters (RR, 95% CI 8.50 CI 1.14 to 63.33).		kein benefit für CRRT bezüglich Mortalität, renal recovery, Hämodynamik (ausser höherer MAD, dafür mehr clotting)

		Pannu 2008		30 RCTs, 8 prospective cohort studies; CRRT vs IHD		all-cause mortality (relative risk [RR], 1.10; 95% confidence interval [CI], 0.99-1.23; I2=0%) or for the requirement for chronic dialysis treatment in survivors (RR, 0.91; 95% CI, 0.56-1.49; I2=0%).		kein benefit für CRRT bezüglich Mortalität und chron. Dialysepflicht

		Schneider 2013		7 RCTs, 16 observational studies involving 472 and 3,499 survivors30 RCTs, 8 prospective cohort studies; CRRT vs IRRT (IHD + hybrid)		dialysis dependency in survivors: RCTs showed no difference in the rate of dialysis dependence among survivors (relative risk, RR 1.15 [95 % confidence interval (CI) 0.78–1.68], I2 = 0 %); observational studies suggested a higher rate of dialysis dependence among survivors who initially received IRRT as compared with CRRT (RR 1.99 [95 % CI 1.53–2.59], I2 = 42 %		kein benefit für CRRT bezüglich chron. Dialysepflicht in RCTs

		Schoenfelder 2017		13 RCTs, 16 observational studies involving 1,870 and 15,689 patients; CRRT vs IRRT (IHD + hybrid)		RCTs: mortality RR 1.03; 95% CI {0.94,1.14]; renal recovery RR 1,01; 95% CI [0.95,1.07]; hypotension RR 0.92, 95% CI [0.94,1.14]		kein benefit für CRRT bezüglich Mortalität, renal recovery, Hypotension

		Nash 2017		21 RCTs and large observational studies, CRRT vs IHD, CRRT vs SLED		RRT modality was not associated with in-hospital mortality (CRRT vs IHD: RR 1.00 [95%CI, 0.92–1.09], CRRT vs SLED: RR 1.23 [95%CI,1.00–1.51]) or dialysis dependence (CRRT vs IHD: RR 0.90 [95%CI,0.59–1.38], CRRT vs SLED: RR1.15 [95%CI,0.67–1.99]).		kein benefit für CRRT vgl. mit IHD oder SLED bezüglich Mortalität oder Dialyseabhängigkeit

		Zhao 2020		22 RCTs and prospective cohort studies, CRRT vs IHD vs SLED 		Mortality: IHD or SLED or IRRT (RR 1.02, 95% CI 0.93-1.11, I2 = 0.0%, P = .921; reduced renal recovery: in AKI patients treated with CRRT, compared to those treated with IHD or SLED (RR 0.81, 95%CI 0.79-0.83, I2 =21.9%, P = .269; however, in subgroup analysis no difference between CRRT and SLED (RR 0.96, 95% CI 0.77-1.19, I2 = 7.6%, P = .364;		kein benefit für CRRT vgl. mit IHD oder SLED bezüglich Mortalität oder Dialyseabhängigkeit

		Ye 2021		30 RCTs, 3,774 patients; CRRT vs IHD, CRRT vs SLED, IHD vs SLED; (Peritoneal Dialysis)		Mortality: CRRT vs IHD 1.04 (0.93–1.18); CRRT vs SLED 1.06 (0.85–1.33); IHD vs SLED 1.02 (0.79–1.31); renal recovery: CRRT vs IHD 1.15 (0.91–1.45); CRRT vs SLED 0.88 (0.65–1.19); IHD vs SLED 0.77 (0.53–1.12)		kein benefit für CRRT vgl. mit IHD oder SLED bezüglich Mortalität oder Dialyseabhängigkeit
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Liao Chin Med J 2013 moderate

Bai Int Care Med 2015 good

Liu Crit Care 2016 good
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Raina J Int Care Med 2022 moderate

Li Ther Aper Dial 2022 moderate

Jacobs Life 2023 good
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