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Abstract
Background  Renal replacement therapy (RRT) is frequently used in critically ill patients with acute kidney injury (AKI). 
Here, we provide guidelines for the management of RRT in critically ill patients on the intensive care unit (ICU).

Methods  We convened a systemic literature research and a Delphi process with a bi-national multidisciplinary 
consensus panel including 22 clinicians of 12 different German-speaking societies (Germany and Austria) 
with expertise in RRT. This structured guideline process was the basis for the evidence-based statements and 
recommendations.

Results  We identified seven clinical areas needing guidance: (1) start, (2) modality (diffusion and convection), (3) 
continuous/ intermittent, (4) anticoagulation, (5) dose (6) pharmacotherapy, (7) stopping criteria. The consensus 
produced 73 statements and recommendations regarding key clinical areas, the most important 47 statements and 
recommendations are summarized in this overview.

Conclusions  This evidence-based bi-national guideline should provide physicians with guidance for delivering best 
practice to critically ill patients with a dialysis-dependent AKI.
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Introduction
Renal replacement therapy (RRT) is one of the most 
frequently used techniques for supporting critically ill 
patients with acute kidney injury (AKI) in the intensive 
care unit (ICU). In this specific setting, AKI occurs in one 
of two patients with 24% requiring RRT [1]. In 2012, the 
Kidney Disease: Improving Global Outcomes (KDIGO) 
group developed a guideline on AKI that included RRT 
management [2]. In 2018, the National Institute for 
Health and Care Excellence (NICE) guidelines followed 
(NG107). Since then, numerous studies have been pub-
lished, providing new insights into RRT treatment strate-
gies for critically ill patients with AKI.

To update clinical guidelines for RRT in intensive care, 
a national multidisciplinary and multiprofessional panel 
of experts specialized in critical care, nephrology, anes-
thesiology, and other RRT-related fields was assembled 
to provide clinical practice consensus recommendations 
based on the highest level of international evidence. 
Patient organizations including patients with lived expe-
rience (PWLE) were also involved. We identified seven 
key topics and, based on a targeted literature review, 
developed corresponding recommendations based on 
available evidence.

Although this guideline was developed under the aus-
pices of German and Austrian national medical societies, 
its scope is not limited to Germany/Austria. The under-
lying evidence was deliberately derived from interna-
tional literature, and the recommendations follow widely 
accepted methodological standards. The statements and 
guidance are intended to be broadly applicable and use-
ful to clinicians in any healthcare setting, not only within 
Germany/Austria.

Methods
Consensus guideline members
A national multidisciplinary and multiprofessional 
consensus panel of 22 experts selected by 10 different 
national societies and 2 patient organizations was assem-
bled. The panel included anesthesiologists, intensivists, 
nephrologists, internists, surgeons, and other profession-
als in intensive care medicine with expertise or involve-
ment in RRT. Each participant had to disclose their 
conflicts of interest before the voting process began, and 
the permissions of each participant in the voting process 
were transparently defined in advance (​h​t​t​p​​s​:​/​​/​r​e​g​​i​s​​t​e​r​​.​a​w​​
m​f​.​o​​r​g​​/​d​e​​/​l​e​​i​t​l​i​​n​i​​e​n​/​d​e​t​a​i​l​/​0​4​0​-​0​1​7). Overall, seven ​d​i​f​f​e​r​
e​n​t topics were identified by the complete group and sci-
entific questions were formulated according to the PICO 
(P: Population, I: Intervention, C: Comparison, and O: 
Outcome) framework [3]. The individual topics were then 
[1] developed in break-out groups by means of a system-
atic literature analysis [2], agreed in advance in a DELPHI 
procedure, and [3] discussed and agreed in consensus 

conferences using the AGREE II criteria (according to the 
guidelines of the Working Group of the Scientific Medical 
Societies (AWMF)). Pubmed, Scopus, and Cochrane were 
designated as literature databases.

Guideline development
Two leaders were nominated for each group for leading 
and cross group coordination. In each group, articles 
were selected and reviewed by two experts, a third expert 
performed an additional manual search. The groups sum-
marized the findings and developed guidelines for each 
subsection. The consensus guideline members met regu-
larly throughout the year in subgroups and whole-group 
settings to discuss their progress and reach a consensus 
on the finalized document.

A modified Delphi process was performed. The struc-
tured consensus was reached as part of a nominal group 
process and structured consensus conference under 
independent moderation of the AWMF. All recommen-
dations were discussed in a total of 9 complete-group 
consensus conferences and agreed under the leader-
ship of the AWMF. Following the GRADE approach, the 
guideline panel rated the certainty of evidence (Table 1) 
for each critical outcome and determined the strength 
of each recommendation based on the certainty of evi-
dence (Table 2), the balance between benefits and harms, 
patient values and preferences, and resource use. Deter-
mination of consensus strength was defined as strong 
(> 95% of panelists), moderate (> 75–95% of panelists), 
majority consent (> 50–75% of panel-ists), or no consent 

Table 1  Certainty of evidence
Symbol Quality 

rating
Interpretation

⊕⊕⊕⊕ High We have high certainty that the true ef-
fect is close to the estimated effect

⊕⊕⊕⊝ Moderate We have moderate confidence in the 
effect estimate: the true effect is likely to 
be close to the estimate, but there is a 
possibility that it is substantially different

⊕⊕⊝⊝ Low Our confidence in the effect estimate is 
limited:
the true effect may be substantially dif-
ferent from the estimate

⊕⊝⊝⊝ Very low We have very little confidence in the ef-
fect estimate: the true effect is likely to be 
substantially different from the estimate

Expert opinion

Table 2  Grade of recommendations
Grade of recommendation Description
A Strong recommendation

B Weak/conditional 
recommendation

0 No recommendation or 
insufficient evidence

https://register.awmf.org/de/leitlinien/detail/040-017
https://register.awmf.org/de/leitlinien/detail/040-017
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(< 50% of panelists). Additionally, three independent 
experts peer reviewed the recommendations before final-
ization. The complete evidence report can be found in 
the Supplementary Material (Supplementary Material – 
Evidence Report).

The guideline and recommendations are summarized 
and presented in 7 sections: (1) start, (2) diffusion and 
convection, (3) continuous/intermittent, (4) anticoagula-
tion, (5) dose (6) pharmacotherapy, (7) stopping criteria. 
The consensus produced 73 statements and recommen-
dations in total regarding key clinical areas (Supplemen-
tary Material – Further Recommendations). The most 
important 47 statements and recommendations are sum-
marized in this overview.

Results

1.	 Start of Renal Replacement Therapy

1.1- We recommend to start RRT immediately in case of 
life-threatening changes in fluid, acid-base or electrolyte 
balance

Expert 
consensus

1.2- If RRT is expected to become necessary in AKI based on 
the clinical condition, course of illness and/or pre-existing 
diseases, it should be initiated without further delay

B
⊕⊕⊝⊝

1.3- We suggest that in cases of non-life-threatening 
changes, or when the need for RRT is uncertain, conserva-
tive measures should be implemented to avoid initiating 
RRT, with regular re-evaluation of the patient’s condition

B
⊕⊕⊝⊝

1.4- RRT should not be initiated solely for the purpose of 
enhancing renal recovery

B 
⊕⊕⊝⊝

1.5- In patients with isolated elevations in serum urea or 
creatinine without clinical signs or symptoms attributable 
to kidney failure, initiation of RRT may be deferred

0
⊕⊝⊝⊝

1.6- We suggest that a negative furosemide stress test alone 
should not prompt the initiation of RRT

B
⊕⊕⊝⊝

1.7- To date, biomarkers alone cannot be recommended for 
the decision to start RRT

Expert 
consensus

 
The initiation of RRT in case of life-threatening compli-
cations (hypervolemia, hyperkalemia, acidosis, uremia) 
is largely undisputed, despite the lack of evidence due to 
ethical reasons (Table 3) (recommendation 1.1). However, 
when relative indications occur, it is unclear whether an 
early start of treatment, aimed at preventing life-threat-
ening complications and ensuring a more stable meta-
bolic status, may lead to improved outcomes.

Mortality  Current evidence suggests that the KDIGO 
criteria alone are not sufficient for guiding RRT initiation 
[4–7]. A Cochrane analysis by  Fayad et al. [8], updated 
in 2022, compared mortality outcomes between early 
and late initiation of RRT in critically ill patients [9]. The 
review found that early initiation had little to no effect on 
30-day mortality (12 studies, 4,826 participants: RR 0.97, 
95% CI 0.87 to 1.09; I² = 29%; low-certainty evidence) or 

on mortality beyond 30 days (7 studies, 4,534 participants: 
RR 0.99, 95% CI 0.92 to 1.07; I² = 6%; moderate-certainty 
evidence) [9]. However, a critical limitation of RCTs and 
systematic reviews is that a significant proportion of 
patients in the “late” arms never received RRT. Notably, 
in the largest RCT to date by Investigators [4] only 61.8% 
of patients in the delayed group ultimately received RRT 
[4]. Based on the fact that there is some evidence show-
ing that an early start (at KDIGO stage 2) is associated 
with improved survival in patients with high illness sever-
ity [7] while a too late start (KDIGO stage 3, oliguria for 
> 72 h or BUN > 112 mg/dl, and mandatory indication 
(noticeable hyperkalemia or metabolic acidosis or pulmo-
nary edema) or until blood urea nitrogen con-centration 
reached 140 mg/dL) may increase mortality [10], as well 
as the fact that different studies have shown that clinical 
assessment is an important aspect [4, 11], the consensus 
group recommends that RRT initiation should consider 
the clinical situation, the course of the disease and under-
lying comorbidities rather than single laboratory values. 
(recommendations 1.2, 1.3)

Renal recovery  Three reviews defined renal recovery as 
independence from RRT, while five others used differ-
ent definitions. The results across studies demonstrated 
substantial hetero-geneity (I² = 22–70%), and no system-
atic review found a consistent benefit of early RRT ini-
tiation on renal recovery. STARRT-AKI found early RRT 
to be associated with higher RRT de-pendency at day 90 
(10.4% vs. 6.0%; RR 1.74 (95% CI, 1.24–2.43) although 
renal recovery (eGFR reduction of > 25% from baseline 
at 90 days) was not different [4]. A secondary analysis of 
the STARRT-AKI trial suggested that early RRT initia-
tion may also impair renal recovery in patients with pre-
existing CKD [12]. However, a separate analysis of the 
STARRT-AKI trial which included both CRRT and IHD 
indicated that CRRT was associated with a higher likeli-
hood of renal recovery (OR 0.81; 95% CI 0.66–0.99) [13]. 
(recommendation 1.4)

Relative indications for RRT  There has been a notable 
paradigm shift in the literature emphasizing the patient’s 
overall clinical condition instead of relying on isolated sur-
rogate markers, such as urea levels or oliguria. This shift 
reflects a more precise, individualized approach to deter-

Table 3  Absolute indications for renal replacement therapy
Absolute indicators Standard values Notes
Hyperkalaemia > 6.0 mmol/l Therapy-resistant

Acidosis pH < 7.2 Therapy-resistant and 
caused by AKI

Volume overload Edema, pulmonary 
venous congestion

Therapy-resistant

Uremia Clinical presentation Among others disor-
ders of consciousness
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mining the appropriate timing for RRT. The systematic 
review by Karvellas et al. [14] analyzed 6 RCTs that used 
elevated urea levels as initiation criteria, 3 that focused 
on reduced urine output, 3 on elevated creatinine, one 
on hyperkalemia, and only 2 that employed simple time-
based criteria (e.g., 24–48 h of anuria) [14]. In contrast, 
more recent large RCTs have adopted time-based initia-
tion strategies, typically between 12 and 48 h after AKI 
diagnosis, while incorporating the presence or absence of 
clinical complications [4, 7, 15, 16]. The Cochrane review 
by  Fayad et al.  [9] likewise focused on RCTs that used 
such time-based criteria, rather than relying solely on bio-
chemical surrogates [9]. (recommendation 1.5)

Furosemide stress test (FST)  The test involves administer-
ing a furosemide bolus of 1 mg/kg in furosemide-naïve 
patients (1.5 mg/kg in those previously treated with furo-
semide) [17]. A urine output of less than 200 mL within 
the subsequent two hours is considered a negative result, 
indicating severe and progressive tubular injury.

A systematic review by Chen et al. [18], which included 
11 studies (non-RCTs) with a total of 1,366 patients, evalu-
ated the predictive value of the FST for severe AKI progres-
sion and the need for RRT [18]. The results showed strong 
predictive power for AKI progression: OR 29.7 (95% CI 
17.0–51.6) and RRT: OR 13.6 (95% CI 5.74–32.17). Based on 
current findings, the FST may be recommended as a non-
invasive tool to assess the likelihood of AKI progression. 
However, a negative FST (poor diuretic response) suggests a 
high probability of AKI progression but does not automati-
cally indicate the need for RRT. Conversely, a positive FST 
indicates preserved tubular function, making the develop-
ment of progressive AKI less likely. (recommendation 1.6)

Biomarkers  Only two initiation RCTs incorporated novel 
renal biomarkers with no clear benefit [7, 19]. More 
recently, Meersch et al. [20] showed that combining func-
tional testing (FST) with structural biomarkers signifi-
cantly improved the prediction of absolute indications for 
initiating RRT [20]. While the integration of biomarkers 
into RRT decision-making is an area of active research, 
the current evidence is insufficient to support a formal 
recommendation for or against their routine clinical use. 
(recommendation 1.7)

2.	 Diffusion and convection in Renal Replacement 
Therapy

2.1- We recommend that in patients with AKI and an indica-
tion for RRT, diffusive, convective, or a combination of them 
produce similar outcomes

A
⊕⊝⊝⊝

2.2- In hemofiltration, the use of pre- or post-dilution can 
equally be considered; however, pre-dilution may be pre-
ferred in cases of repeated filter clotting

0
⊕⊝⊝⊝

2.3- We recommend that for patients with sepsis requiring 
RRT in the ICU, diffusive, convective, or combined modalities 
can be used equally

A
⊕⊝⊝⊝

2.4- We recommend that in cases of severe, life-threatening 
hyperkalemia, a diffusive procedure with high dialysate flow 
rates should be preferred over a convective procedure, if 
available

Expert 
con-
sensus 
(strong)

2.5- We recommend that RRT for rhabdomyolysis should be 
initiated only in the presence of AKI with a clear indication 
for RRT

A
⊕⊝⊝⊝

Current literature does not provide evidence that either 
diffusion or convection is superior in critically ill patients 
with AKI. Both methods provide effective metabolic 
control. Two small RCTs (n = 60 and n = 161) showed 
longer filter lifespans with diffusive techniques com-
pared to pure convection [21, 22]. The systematic review 
by Côté et al. [23] including 615 patients of clinical trials 
and observational studies receiving intermittent modali-
ties found no difference in mortality, renal recovery, or 
hemodynamic stability between the two methods [23]. 
(recommendation 2.1) However, convective methods may 
have shorter filter lifespans due to hemoconcentration 
and increased clotting risk even when citrate anticoagu-
lation is used [24]. 

Pre- and postdilution in convection  Predilution requires 
a significantly higher substitution volume to achieve the 
same clearance. In contrast, postdilution offers greater 
dialysis efficiency with identical substitution volumes. 
Uchino et al. [25] reported significantly longer filter life 
with predilution (18 vs. 13 h; p = 0.021) [25], while Nur-
mohamed et al. [26] found only a non-significant trend 
toward longer filter life (29 ± 46 vs. 24 ± 38 h; p = 0.58) 
[26]. Despite a 19% higher CRRT dose with postdilution 
in the study by Nurmohamed (26.7 ± 9.6 vs. 22.4 ± 4.4 ml/
kg/h; p = 0.01), neither study demonstrated a clear advan-
tage in controlling uremia, as measured by creatinine and 
urea levels. (recommendation 2.2)

Diffusion and convection in sepsis  In theory, convec-
tive procedures offer advantages for patients with sepsis 
because they provide a higher clearance of middle mol-
ecules, which way pro-inflammatory mediators may be 
cleared more efficiently [27]. By using high-cut-off mem-
branes, the elimination of larger molecules is also possi-
ble. However, unselective elimination of proteins may not 
be beneficial. Systematic reviews of septic AKI patients by 
Zha et al. [28] and Snow et al. [29] found no significant dif-
ferences in mortality or other outcomes when comparing 
diffusion and convection techniques. A RCT by Jang et al. 
[30] with 96 septic AKI patients found no differences in 
7-, 28- or 90-day mortality, SOFA scores, or reductions in 
nitrogen, creatinine or ß2-microglobulin levels between 
continuous hemodialysis and continuous hemodiafiltra-
tion [30]. (recommendation 2.3)
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Diffusion and convection to treat hyperkalemia  In a sys-
tematic review, Côté et al. [23] compared diffusion and 
convection in intermittent procedures and found no dif-
ferences in mortality, renal recovery, or hemodynamic 
instability [23]. The flux of potassium across dialysis 
membranes depends primarily on the potassium concen-
tration gradient in the dialysate, the size of the dialysis 
membrane surface, and the blood and dialysate flow rates. 
Diffusive procedures allow a significantly higher dialysate 
fluid turnover compared to substitution fluid turnover in 
convective procedures, because the latter are limited by 
hemoconcentration. Consequently, diffusion is more effi-
cient at removing small molecules, especially when high 
dialysate flow rates are applied. In continuous procedures, 
potassium decreases more slowly due to lower dialysis 
doses per hour, and thus gradually approaching the dialy-
sate concentration. In combined methods (e.g., hemodi-
afiltration), the diffusive component plays a crucial role 
in potassium elimination when used in a higher dose [31]. 
(recommendation 2.4)

Rhabdomyolysis  Severe rhabdomyolysis can lead to 
high serum myoglobin levels, which may cause tubular 
obstruction and AKI. Myoglobin (17.8 kDa) is freely fil-
tered in the glomerulus but poorly cleared by standard 
dialysis. No clear myoglobin threshold exists to guide 
RRT initiation. Convective techniques (e.g., hemofiltra-
tion, hemodiafiltration, high cut-off filters) have shown 
improved myoglobin clearance in small studies [32], but 
without consistent evidence of better outcomes [33, 34]. 
However, RRT may be necessary in cases of oliguria or 
anuria with suspected tubular obstruction to prevent life-
threatening complications of acute kidney injury (AKI). 
(recommendation 2.5)

3.	 Continuous and intermittent Renal Replacement 
Therapy

3.1- Continuous or intermittent RRT modality can be used 
equally to ensure patient survival in severe AKI

0
⊕⊝⊝⊝

3.2- We recommend that when selecting the RRT modality 
the individual clinical situation of the patient be considered, 
which may justify a preference for either continuous or 
intermittent therapy

Expert 
con-
sensus 
(strong)

3.3- We suggest that in hemodynamically unstable patients 
with AKI requiring dialysis, continuous or prolonged RRT 
modalities be preferred to ensure hemodynamic stability and 
reduce hypotension

B
⊕⊝⊝⊝

3.4- Intermittent or continuous procedures can be equally 
considered for patients with thrombocytopenia

0
⊕⊝⊝⊝

3.5- We recommend that patients with increased intracranial 
pressure be treated with RRT adapted to maintain appropri-
ate serum osmolality. Serum osmolality, sodium, urea, and 
blood glucose should be regularly monitored using validated 
laboratory methods to prevent disequilibrium syndrome

Expert 
consen-
sus

3.6- We recommend using intermittent, prolonged or con-
tinuous modalities as they all have the potential to achieve a 
negative fluid balance in cases of fluid overload

Expert 
consen-
sus

3.7- We recommend that early mobilization should not be 
prevented or delayed by the use of continuous RRT

A
⊕⊝⊝⊝

 
CRRT provides continuous 24-hour treatment, while 
IHD runs 4–6  h per session, and PIRRT typically lasts 
6–12 h. Continuous methods offer stable solute and fluid 
removal, whereas intermittent therapies require higher 
doses over shorter periods, causing greater shifts in 
serum osmolality and fluid balance.

Mortality  In the Cochrane analysis by Rabindranath et al. 
[35], which included 15 RCTs with 1,550 patients, a RR of 
1.01 (95% CI: 0.92–1.12) was reported when comparing 
mortality of CRRT to IHD [35]. The most recent system-
atic review by Ye et al. [36], incorporating 30 RCTs and 
3,774 patients, found a similar RR of 1.04 (95% CI: 0.93–
1.18) [36]. These reviews, limited to RCTs, were unable 
to demonstrate a mortality difference between CRRT and 
IHD.

Six systematic reviews have assessed mortality out-
comes comparing PIRRT to CRRT, with mixed results. 
Four reviews found no significant difference, while two 
suggested a slight survival benefit for PIRRT: Zhang et 
al. [37] a RR of 0.86 (95% CI: 0.74–1.00) [37], and Kovacs 
et al. [38] a RR of 1.21 (95% CI: 1.02–1.43; I² = 47%, p = 
0.03) [38]. Overall, the available data remain insufficient 
and too heterogeneous to support a definitive conclusion 
regarding mortality differences between RRT modalities 
(recommendation 3.1).

Renal recovery  The impact of IHD and CRRT on renal 
recovery after AKI has been studied in 10 systematic 
reviews between 2002 and 2021. Reviews based solely on 
RCTs found no significant difference in renal recovery or 
dialysis dependence. However, 4 out of 10 reviews includ-
ing observational and retrospective data reported a mod-
erate benefit for CRRT, supported by a substantially larger 
sample size. For instance, Schoenfelder et al. [39] analyzed 
1,870 patients from RCTs (no difference) and 15,689 from 
non-randomized studies, favoring CRRT [39]. Notably, 
large post hoc analyses of the ATN, RENAL, and STARRT-
AKI trials were not included in these reviews [4–6]. A sec-
ondary analysis of ATN and RENAL (n = 2,542) found no 
mortality difference but showed improved renal recovery 
with CRRT in the ATN cohort [40]. This finding is lim-
ited since an increased cardiovascular SOFA score auto-
matically led to allocation to the CRRT group. Ultimately, 
85.5% of patients were in the CRRT group because there 
was no randomization for continuous or intermittent pro-
cedures. Similarly, a post-hoc analysis of the AKIKI 1 and 
IDEAL-ICU trials found no difference on re-nal recov-
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ery between both techniques although a non-significant 
improved survival could be demonstrated for CRRT in 
patients with higher illness severity [41]. 

A post hoc analysis of the STARRT-AKI trial (n = 
2,196) showed improved renal recovery with CRRT at 
90 days (OR 0.61; 95% CI 0.39–0.94), but no mortality 
difference [13]. However, modality assignment was not 
randomized and was subject to center preference, with 
significant group imbalance (1,590 CRRT vs. 606 IHD).

French data involving 25,750 cases showed better 
recovery with CRRT (OR 0.91; 95% CI 0.83–0.99) [42], 
while the OUTCOMEREA study found no significant 
difference in a combined outcome of mortality and renal 
recovery [43]. A recent insurance-based analysis found 
lower dialysis dependence at 90 days with CRRT (4.9% vs. 
7.4%; OR 0.68; p = 0.03), though patient characteristics 
between groups differed significantly [44].

In summary, controlled trials show no difference in 
renal recovery between modalities, but large observa-
tional studies suggest potential advantages for CRRT. 
(recommendation 3.2)

Effect on hemodynamics  Hemodynamic instability can be 
considered both an outcome parameter and an indication 
criterion. As an outcome parameter, hemodynamic insta-
bility includes hypotension, vasopressor use, and declines 
in mean arterial pressure (MAP). A Canadian study 
identified new-onset instability as a primary reason for 
transitioning to CRRT [45]. Regional differences can be 
observed when used as an indication criterion: CRRT is 
preferred for unstable patients at many German and Aus-
trian centers [46], while IHD is for instance more com-
monly used in France, even for unstable patients [42, 43].

A Cochrane review of 15 RCTs (n = 1,550) found no 
significant difference between CRRT and IHD in rates of 
hemodynamic instability or hypotension, although CRRT 
was associated with higher post-treatment MAP and 
reduced vasopressor escalation [35]. A systematic review 
of 49 studies including RCTs, observational and cost-
effectiveness studies similarly found no significant differ-
ences (hypotensive episodes RR 0.71 (95% CI 0.39–1.31), 
hemodynamic instability RR 0.48 (95% CI 0.10–2.28)) 
[39]. More recently, a review analyzed 12 RCTs (n = 
1,419) and reported mixed results with high heterogene-
ity and risk of bias [47].

While evidence is limited, CRRT may be associated 
with fewer hypotensive events and reduced vasopressor 
needs. Therefore, we recommend CRRT or prolonged 
therapies for patients with significant hemodynamic 
instability, despite the low level of supporting evidence. 
(recommendation 3.3).

Effect on thrombocytopenia and need for transfusion  In 
a retrospective study of 541 ICU patients, 65% had pre-

existing thrombocytopenia before CRRT while 20% devel-
oped it after initiation. Platelet counts below 50,000/µL 
were linked to higher mortality [48]. A secondary analysis 
of the RENAL trial found that both lower platelet nadir 
and a > 50% drop in platelet count were associated with 
fewer RRT-free days (OR 0.94, 95% CI 0.90–0.97; and OR 
0.91, 95% CI 0.88–0.95, respectively) [49].

Transfusions may result from bleeding or frequent 
circuit clotting. In a prospective RCT, bleeding-related 
mortality with RRT was 3.6% [50]. In the largest RCT 
(n = 360), thrombocytopenia (< 50,000/µL) occurred in 
18% of CRRT vs. 12% of IHD patients (p = 0.12) [51]. 
Schwenger et al. [52] found that CRRT patients received 
a higher transfused volume compared to PIRRT (1,976 
mL vs. 1,375 mL; p < 0.019) [52]. A secondary analysis 
of the COVINT study reported no significant differences 
between CRRT and IHD in platelet drop or transfusion 
needs [50]. However, circuit clotting without re-trans-
fusion occurred more frequently in CRRT compared to 
IHD (57.4% vs. 30.4%; p < 0.01), without clear impact on 
transfusion volume. Due to limited and heterogeneous 
data, no definitive conclusions can be drawn. Impor-
tantly, none of these studies utilized regional citrate anti-
coagulation, which is now widely used and may influence 
these outcomes (recommendation 3.4).

Effect on intracranial pressure  Intermittent RRT is highly 
efficient but can cause rapid shifts in osmolality, electro-
lytes, and fluid balance. In a large retrospective study, 
patients with AKI and either stroke or intracerebral 
hemorrhage (ICH) who received RRT had higher mor-
tality than those without RRT (stroke: OR 1.30, 95% CI 
1.12–1.48; ICH: OR 1.95, 95% CI 1.61–2.36) [53]. Rapid 
osmolality changes, particularly in patients with a com-
promised blood–brain barrier, can elevate intracranial 
pressure, worsening neurological outcomes. Lund et 
al. [54] reported a median intracranial pressure (ICP) 
increase from 11.9 mmHg to 21 mmHg during RRT 
[54]. Although the extent of the rise was similar across 
modalities, it occurred significantly earlier with intermit-
tent therapy (75 vs. 375 min; p < 0.05). Parsons et al. [55] 
reviewed 11 studies (n = 58 neurosurgical patients) and 
found ICP increases were more frequent with IHD (73% 
vs. 37.5%, p = 0.01), which was also associated with higher 
mortality (75% vs. 39.1%, p = 0.01) [55]. 

A literature search identified one RCT, five observa-
tional, and nine retrospective studies addressing neu-
rological complications during RRT. These included 
heterogeneous populations with conditions such as 
hepatic encephalopathy, traumatic brain injury (TBI), 
and stroke. Davenport et al. [56] compared continuous 
arteriovenous RRT with IHD [56] and observed increases 
of ICP in IHD, while Wu et al. [57] found no difference in 
ICP between PIRRT and CRRT [57]. Similarly, Johansen 
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et al. [58] reported minimal differences in brain volume 
changes between diffusion and convection-based dialysis 
in chronic patients [58].

The consensus group concluded that disequilibrium 
risk is not determined solely by modality but by the rate 
of osmotic shifts. Therefore, RRT prescriptions should be 
individualized, considering treatment intensity, filter per-
formance, duration, and modality, along with adjunctive 
measures to manage sodium and glucose (recommenda-
tion 3.5).

Effects on fluid status  A 2020 systematic review of 34 
observational studies (31,076 patients) confirmed that 
fluid overload significantly increased mortality in AKI (RR 
2.38, 95% CI 1.75–2.98) and post-surgical patients (RR 
6.17, 95% CI 4.81–7.97) [59]. RCTs comparing IHD and 
CRRT showed no significant differences in ultrafiltration 
in five out of six studies; only Augustine et al. reported 
higher rates with CRRT, though normovolemia was not 
assessed [60]. In the PICARD study, persistent fluid over-
load was associated with higher 30-day mortality (OR 
2.52, 95% CI 1.55–4.08) [61]. CRRT achieved lower resid-
ual fluid overload (8%) compared to IHD (18%). Similarly, 
Mehta et al. [62] found ultrafiltration targets were not met 
in 9% of CRRT and 28.8% of IHD cases [62].

Five studies comparing PIRRT and CRRT showed no 
difference in ultrafiltration. Albino et al. [63] found simi-
lar fluid balance with 6 h and 10 h PIRRT treatments [63]. 
Three systematic reviews also found no significant differ-
ence between PIRRT and CRRT in fluid removal [37, 64, 
65].

Overall, all modalities can effectively manage fluid 
overload. The consensus group emphasizes that success 
depends less on modality and more on tailoring ultrafil-
tration to the patient’s clinical condition (recommenda-
tion 3.6).

Effect on patient mobilization  Evidence from available 
metaanalyses show that early mobilization is associated 
with improved outcomes [66–68]. A recent guideline 
recommended to start mobilization within 72 h of ICU 
admission [69]. Early mobilization has been shown to 
improve patient-centered outcomes [68]. Concerns about 
catheter dislodgement can reduce adherence to mobiliza-
tion protocols [69], but guidelines state that also femoral 
catheters are not a contraindication [70]. While intermit-
tent modalities offer dialysis-free windows that may facili-
tate mobilization, studies confirm that safe mobilization 
is also feasible during CRRT [71–73]. Implementation of 
a specialized nursing quality control team for CRRT and 
interprofessional training led to fewer unplanned events, 
improved adherence to treatment duration, longer filter 
life, fewer infections, and reduced costs, along with higher 
patient satisfaction [74–77] (recommendation 3.7).

4.	 Anticoagulation

4.1- We suggest that regional citrate and systemic heparin 
anticoagulation be used equally, as they do not differ in 
terms of patient outcomes, including mortality, renal recov-
ery, and transfusion frequency

B
⊕⊕⊕⊝

4.2- We suggest that regional citrate anticoagulation be 
preferred in patients for whom heparin is contraindicated 
(e.g., due to bleeding) and in those with an increased risk of 
bleeding

B
⊕⊕⊝⊝

4.3- We suggest that if systemic heparin anticoagulation 
leads to shortened filter lifetimes and the treatment cannot 
be delivered to the desired extent, a switch to regional citrate 
anticoagulation should be considered

B
⊕⊝⊝⊝

4.4- In patients with shock or liver failure, regional citrate 
anticoagulation is not an absolute contraindication. Regional 
citrate anticoagulation can be performed under regular 
monitoring of lactate and ionized and total calcium

0
⊕⊕⊝⊝

4.5- In cases of citrate accumulation, we recommend to 
switch to CRRT procedures with no or heparin anticoagula-
tion and bicarbonate as the buffering substance

A
⊕⊕⊝⊝

4.6- We suggest that regional citrate anticoagulation be 
avoided, if possible, in cases of pronounced, progressive 
lactic acidosis associated with shock and severe liver failure

B
⊕⊕⊝⊝

4.7- Low-molecular-weight and unfractionated heparins may 
be considered equally for systemic anticoagulation; however, 
unfractionated heparin is preferred due to simpler monitor-
ing and a shorter half-life

0
⊕⊝⊝⊝

4.8- In patients with acute heparin-induced thrombocytope-
nia type II, argatroban alone may be considered for effective 
anticoagulation during RRT

0
⊕⊝⊝⊝

Regional citrate anticoagulation (RCA)  Citrate effectively 
inhibits coagulation when ionized calcium is reduced to 
~0.3 mmol/L within the circuit [78, 79]. RCTs have not 
consistently shown a mortality benefit, with the excep-
tion of Oudemans-van Straaten et al. [80], who reported 
reduced mortality compared to Nadroparin (45% vs. 62%, 
p = 0.03) [80]. Recent systematic reviews and meta-anal-
yses confirmed no significant effect on mortality or renal 
recovery [81–85] (recommendations 4.1, 4.2).

Citrate is associated with significantly longer filter life 
spans compared to systemic heparin [83, 84] although 
the prolonged circuit life may contribute to higher infec-
tion rates [86] (recommendation 4.3). All RCTs consis-
tently reported fewer bleeding complications with citrate. 
Despite a significant reduction in bleeding events (RR 
0.32; 95% CI 0.22–0.47; p < 0.0001), Jacobs et al. [84] 
found no corresponding reduction in transfusion rates 
(RR 1.02; 95% CI 0.93–1.12; p = 0.644) [84]. Anticoagu-
lation-free protocols may be considered for patients with 
severe coagulopathy or thrombocytopenia but are gener-
ally regarded as inferior [81–84, 87].

Adverse events in RCA  Citrate can critically decrease 
divalent cations like calcium and magnesium in the 
blood. Citrate is metabolized to bicarbonate, which can 
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cause metabolic alkalosis, and its sodium load (as triso-
dium citrate) may induce hypernatremia. In cases where 
citrate metabolism is impaired, accumulation may result 
in metabolic acidosis with an elevated anion gap and an 
increased total/ionized calcium ratio. Systematic reviews 
consistently reported a higher incidence of hypocalcemia 
(ionized calcium < 0.7–1.0 mmol/L) under RCA [81–84]. 
The review of Tsujimoto et al. [83] reported more cases 
of alkalosis with RCA [83]. However, this analysis did not 
include the RICH trial [88], the largest RCT on this topic. 
Regarding thrombocytopenia, findings are inconsistent 
with some systematic reviews showing lower rates with 
RCA [81, 82] and some showing no difference [83, 84].

RCA in liver failure  Citrate is primarily metabolized in 
the liver to bicarbonate. Thus, hepatic dysfunction or 
severe lactic acidosis may reduce its clearance, leading 
to citrate accumulation [89, 90]. Citrate accumulation 
manifests as increased calcium requirements, elevated 
total/ionized calcium ratios, and metabolic acidosis with 
an increased anion gap. While earlier concerns suggested 
higher risks in liver failure, more recent studies show that 
significant citrate toxicity is uncommon. Tan et al. [91] 
linked elevated baseline lactate (> 4 mmol/L) and delayed 
lactate clearance to greater risk of citrate accumulation in 
liver failure, supporting prior findings [89, 91].

A systematic review of nine randomized and non-ran-
domized studies (n = 348) in liver failure patients found 
no significant mortality difference between RCA (58.9%) 
and heparin (47.4%) [85]. Citrate accumulation occurred 
in 5.3% and metabolic acidosis in 26.4% of RCA patients. 
Similarly, Peng et al. [92] reported citrate accumula-
tion in 6.7% of cases, with a mortality rate of 45.9% [92], 
and Zhang et al. [93] found an incidence of 12% (95% CI 
3–22%) [93].

Current evidence does not support considering liver 
failure as absolute contraindications for RCA (recom-
mendations 4.4, 4.5). However, RCA should be avoided in 
cases of progressive lactic acidosis with impaired lactate 
clearance (recommendation 4.6).

Low molecular weight heparins  Low-molecular-weight 
heparins (LMWHs) offer improved bioavailability and 
longer half-life compared to unfractionated heparin 
(UFH). In AKI, LMWHs can accumulate, and their moni-
toring requires anti-factor Xa activity measurements. 
Typically, IHD involves an initial dose and reduced second 
dose, while continuous modalities use a bolus followed by 
continuous infusion.

RCTs comparing LMWH to UFH in RRT are small and 
yield inconsistent results. Reeves et al. [94] (n = 47) and 
Garcés et al. [95] (n = 40) found no significant differences 
in filter patency or bleeding [94, 95], while Joannidis et al. 
[96] (n = 40) reported significantly longer filter lifetimes 

with enoxaparin (30.6 ± 25.3 h vs. 21.7 ± 16.9 h; p = 
0.017) [96]. Tsujimoto et al. [83] reviewed these trials and 
found no clear differences in bleeding or thrombocyto-
penia risk [83]. The Cochrane review by Natale et al. [97] 
focused on IHD and similarly found no statistically sig-
nificant differences [97]. In the review of Zhou et al. [87] 
LMWHs were ranked higher for filter lifespan (51.9%) 
compared to UFH (23.1%) [87] (recommendation 4.7).

Argatroban for patients with HIT type II  In cases of HIT-
II, the discontinuation of heparins and substitution with 
alternative anticoagulants is standard to prevent throm-
boembolic events. Argatroban, a synthetic direct throm-
bin inhibitor, is approved for HIT-II management. It is 
primarily metabolized hepatically and is not significantly 
cleared by standard dialysis filters.

An unpublished RCT by Shi et al. [98] involving 104 
IHD patients reported a higher bleeding risk compared 
to heparin (RR 1.92, 95% CI 0.62–6.00), while a second 
RCT by Sun et al. [99] with 101 patients found no sig-
nificant differences in bleeding, filter runtimes, or seri-
ous adverse events [99]. Observational data from Link 
et al. [100] and retrospective studies [101–103] support 
its use in both IHD and CRRT. For critically ill patients, 
especially those with liver dysfunction, a significantly 
reduced starting dose of 0.1–0.5 µg/kg/min is recom-
mended to avoid overdosing [102]. A recent Cochrane 
analysis focused only on Argatroban use in chronic dialy-
sis patients undergoing IHD but relied exclusively on 
unpublished data [97] (recommendation 4.8).

Other anticoagulants in this setting, such as bivaliru-
din, were not discussed as these are not approved for use 
in RRT in Germany/Austria.

5.	 Dose of Renal Replacement Therapy

5.1- We recommend that for continuous RRT a dose of 
20–25 ml/kg/h be administered

A
⊕⊕⊕⊝

5.2- We recommend that for intermittent dialysis modalities, 
the dose be determined based on dialysis membrane, blood 
flow rate, dialysate flow rate, and in case of hemodiafiltration, 
convective filtration volume. Treatment time and frequency 
should be guided by clinical and laboratory parameters, 
particularly electrolytes and acid-base balance

Expert 
consen-
sus

5.3- We recommend paying particular attention to the risk of 
disequilibrium when initiating RRT and adjusting the dose 
accordingly

Expert 
consen-
sus

5.4- We do not recommend the use of high-volume hemofil-
tration in patients with sepsis or septic shock

0
⊕⊝⊝⊝

Dose in CRRT  Studies comparing higher versus lower 
dialysis or filtration doses have primarily aimed at improv-
ing the control of uremia and enhancing the clearance of 
medium-sized molecules. In particular, during the treat-
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ment of sepsis, it was hypothesized that higher filtration 
intensity could improve clinical outcomes.

In clinical practice, the prescribed dose often dif-
fers from the actual delivered dose due to factors such 
as interruptions for transport, filter clotting, or equip-
ment set-up time. To account for these interruptions and 
ensure that the target dose of 20–25 ml/kg/h is achieved, 
a slightly higher dose (e.g., 25–30 ml/kg/h) is typically 
prescribed in clinical settings. A total of seven system-
atic reviews and a Cochrane Review were evaluated. The 
Cochrane analysis by Fayad et al. [8] and all systematic 
reviews consistently found no survival benefit from a 
higher dialysis dose (35 ml/kg/h) compared to a lower 
dose (20 ml/kg/h) with respect to 30-day mortality.

A multicenter retrospective study from Japan exam-
ined the effects of various doses of CRRT [104]. In 
patients receiving < 10 ml/kg/h, urea and creatinine lev-
els increased. In those patients receiving 10–15 ml/kg/h, 
urea levels decreased by approximately 20%; in the 15–20 
ml/kg/h group 35%; and in the > 20 ml/kg/h group by 
around 70% over seven days. Creatinine levels followed 
a similar trend. These findings suggest that a minimum 
effluent dose of at least 20 ml/kg/h is needed for effective 
uremia control. However, this evidence is observational, 
and no RCTs have specifically evaluated the lower limit 
of dosing.

Current recommendations are primarily based on two 
large RCTs, ATN [5] and RENAL [105]. The prescribed 
dose in the high-intensity group was 36.2 ± 3.8 ml/kg/h, 
with an actual delivered dose of 35.8 ± 6.4 ml/kg/h. In 
the lower-dose group, the prescribed dose was 21.5 ± 4.3 
ml/kg/h and the actual delivered dose was 22.0 ± 6.1 ml/
kg/h. There was no significant difference in 60-day mor-
tality (OR 1.09; 95% CI, 0.86–1.40; P = 0.47). Similarly, 
the RENAL trial compared 40 ml/kg/h with 25 ml/kg/h 
and found no difference in mortality (OR 1.00; 95% CI, 
0.81–1.23; P = 0.99).

Five of the seven systematic reviews also examined 
renal recovery and adverse effects. Renal recovery did not 
differ between high- and low-intensity groups (RR 0.98; 
95% CI, 0.94–1.01; moderate-quality evidence). However, 
side effects were more frequent with higher-dose thera-
pies, particularly hypophosphatemia, as reported in both 
the ATN and RENAL trials (recommendation 5.1).

Dose in intermittent RRT  In the intensive care setting, 
an intensive dose of intermittent procedures is usu-
ally defined as daily dialysis compared to three sessions 
per week. Urea clearance (Kt/V) and the urea reduction 
rate (URR) are the main indicators used to measure the 
effectiveness of dialysis procedures for patients requiring 
chronic dialysis. Kt/V is the ratio of urea clearance (K) to 
treatment time (t), expressed in relation to the urea dis-
tribution volume (V). For dialysis patients, a Kt/V of at 

least 1.2 and a URR of at least 65% are considered to be 
the minimum acceptable standards. These parameters can 
also, in principle, be used for AKI patients [106–108], but 
they are primarily evaluated for clinically stable patients 
with constant organ function. However, given the rapidly 
changing organ functions of critically ill patients, who are 
at an increased risk of dysequilibrium and have varying 
proportions of endogenous and mechanical clearance, we 
recommend checking the adequacy of the dialysis dose 
using laboratory diagnostic parameters such as creati-
nine, urea, phosphate and acid-base status.

In an RCT involving 160 patients with AKI, daily dialy-
sis was associated with improved survival compared to 
dialysis 3-times per week (28% vs. 46% mortality; p = 
0.01) [109]. In contrast, the ATN trial, which also eval-
uated intensified IHD, found no significant benefit in 
terms of mortality [5]. Similarly, the Hannover Dialysis 
Outcome Study, which randomized 156 patients to either 
intensified or standard dialysis using a SLED (sustained 
low-efficiency dialysis) protocol, found no mortality ben-
efit [110]. The intensity in this study was guided by target 
urea concentrations: <90 mg/dL (intensified) versus 120–
150 mg/dL (standard).

The systematic review by Van Wert et al. [111] exam-
ined three randomized and quasi-randomized studies 
on intensified IHD and found no significant differences 
in mortality (RR 0.89; 95% CI, 0.77–1.03) or in the rate 
of long-term dialysis dependence (RR 1.15; 95% CI, 
0.92–1.44). Importantly, the review did not differenti-
ate between dialysis modalities [111]. Similarly, Wang et 
al. [112] found no difference in 28-day mortality in their 
meta-analysis (RR 1.04; 95% CI, 0.92–1.18) [112].

Because intermittent procedures are highly efficient, 
particular attention must be paid to the risk of dialysis 
disequilibrium syndrome (DDS). DDS refers to a spec-
trum of neurological symptoms resulting from the rapid 
removal of osmotically active solutes, such as urea, lead-
ing to a sudden drop in serum osmolality. This creates an 
osmotic gradient between extracellular and intracellular 
compartments, promoting fluid shifts into cells—espe-
cially in the brain—and potentially resulting in cerebral 
edema.

Given the dynamic clinical course of critically ill 
patients, it is recommended to individualize the dialysis 
dose for each session by setting specific targets for dialy-
sate flow, blood flow, and treatment duration (recommen-
dations 5.2, 5.3).

High-volume hemofiltration  In contrast to studies on dose 
intensity, which compare higher doses (approximately 
35–40 ml/kg/h) with standard doses (usually around 20 
ml/kg/h), trials of high-volume hemofiltration (HVHF) 
specifically aimed to enhance the removal of inflamma-
tory mediators in septic patients. In these studies, doses 
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of up to 100 ml/kg/h were used. The concept of HVHF 
has been controversially discussed in the literature, and 
several hypotheses have been proposed. These include 
the Peak Concentration Hypothesis [113], the Thresh-
old Immunomodulation Hypothesis [114], the Mediator 
Delivery Hypothesis [115], and the Monocyte HLA-DR 
Expression Hypothesis [116]. One key unresolved issue is 
how effective immunomodulation is achieved in a non-
selective procedure that removes both pro- and anti-
inflammatory cytokines.

To clearly differentiate HVHF from trials evaluating 
standard versus high-intensity RRT, the guideline group 
defined HVHF as a dose ≥ 50 ml/kg/h. The evidence from 
systematic reviews is inconsistent. Two meta-analyses 
including RCTs reported a mortality benefit from HVHF 
(Junhai et al. [117] RR 0.88 for mortality decrease (95% CI, 
0.81–0.96; p = 0.004); Huang et al. [118] OR 1.66 (95% CI, 
1.36–2.01; p < 0.001) for improved survival). However, all 
other systematic reviews failed to demonstrate a survival 
benefit for high-volume therapy in patients with sepsis.

Due to the small, heterogeneous study designs, poten-
tial regional bias, and generally low quality of evidence, a 
clear recommendation in favor of HVHF cannot be made 
(recommendation 5.4).

6.	 Pharmacology in Renal Replacement Therapy

6.1- The starting dose of an anti-infective agent should be 
based on the current distribution volume

Expert 
consensus

6.2- The starting dose should correspond to general dosage 
recommendations and should not be reduced

Expert 
consensus

6.3- We recommend that a starting dose should be admin-
istered as a short infusion to achieve rapid saturation and 
effective concentration, even if continuous or prolonged 
administration is planned subsequently

A
⊕⊕⊝⊝

6.4- If effective antiinfective levels are unknown, the 
maintenance dose should be based on total clearance. Total 
clearance should be estimated from residual renal function 
and extrarenal clearance, including machine clearance

Expert 
con-
sensus 
(strong)

6.5- The continuous or prolonged administration of 
time-dependent anti-infectives under therapeutic drug 
monitoring may be considered in continuous procedures 
to achieve a more reliable pharmacokinetic/pharmacody-
namic target attainment (defined target ranges), and may 
be preferred over short infusions

0
⊕⊝⊝⊝

6.6- We recommend that in the case of IHD, a short infu-
sion or prolonged administration of a time-dependent 
anti-infective agent may be preferable to continuous 
administration

Expert 
consensus

6.7- We recommend that at the end of IHD, depending on 
the pharmacokinetic properties of the anti-infective agent 
and the dialysis dose applied, an additional dose be admin-
istered according to evidence-based, recognized guidelines 
to restore adequate anti-infective levels

Expert 
consensus

6.8- We suggest that Therapeutic Drug Monitoring should 
be used for antibiotics such as β-lactams, vancomycin, and 
aminoglycosides in patients receiving RRT, if available

B
⊕⊝⊝⊝

Starting dose  The starting dose should be chosen based 
on pharmacokinetic principles, particularly the patient’s 
apparent volume of distribution. Lipophilic agents (fluo-
roquinolones, metronidazole, rifampicin, linezolid, and 
chloramphenicol) have high volumes of distribution 
and lower plasma levels, whereas hydrophilic antibiotics 
(β-lactams, aminoglycosides, vancomycin) remain mostly 
in plasma and interstitial fluid.

Conditions such as hypoalbuminemia or edema may 
increase the volume of distribution, potentially leading 
to subtherapeutic levels. The SAFE study reported that 
40–50% of ICU patients had serum albumin levels < 25 
g/dL [119]. For many β-lactams, volume of distribution 
can increase by one-third under these conditions [120], 
necessitating higher starting doses (recommendations 
6.1, 6.2). KDIGO recommended increasing starting doses 
by 25–50%, based on empirical estimates [2] (recommen-
dation 6.2). One loading dose is usually sufficient, except 
for drugs like teicoplanin, which require 3–5 loading 
doses due to its large volume of distribution.

Maintenance dose  The maintenance dose is determined 
by drug clearance and PK/PD targets relative to the mini-
mum inhibitory concentration (MIC) of the pathogen. 
Most antibiotics have a molecular weight between 500 
and 1,000 Da and can be removed by high-flux dialysis 
membranes, assuming the drug is not highly protein-
bound or redistributed into peripheral compartments.

Most RRTs today use synthetic high-flux membranes, 
such as polyacrylonitrile or polysulfone. These mem-
branes may exhibit some degree of adsorption, par-
ticularly during early phases of treatment or after a 
filter change. Experimental studies have shown that these 
membranes can bind a certain fraction of antibiotics like 
gentamicin, ciprofloxacin, and vancomycin [121]. How-
ever, the clinical relevance of adsorption is limited, as the 
effect is often modest and saturable.

Empirical maintenance dosing is necessary initially, 
particularly before Therapeutic Drug Monitoring (TDM) 
results are available, but standard dosing regimens are 
often inadequate during RRT [122]. In a study by Sey-
ler et al. [123], 20–50% of patients on β-lactams during 
CRRT failed to reach therapeutic levels with standard 
maintenance doses [123]. Overall, TDM can be regarded 
as an appropriate method to achieve individual concen-
trations within the target range (recommendation 6.8).

Continuous or bolus application  The efficacy of an anti-
infective agent can be characterized by PK/PD indices. 
These include.

 	• Concentration-dependent antibiotics (Cmax/
MIC and/or AUC/MIC): aminoglycosides, 
fluoroquinolones, and daptomycin.
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 	• For some antibiotics, AUC/MIC is considered 
the relevant parameter, including glycopeptides, 
linezolid, and tigecycline.

 	• Time-dependent antibiotics (fT > MIC, i.e., the time 
during which the free, unbound concentration of the 
antibiotic remains above the MIC of the pathogen): 
This includes β-lactams such as penicillins, 
cephalosporins, and carbapenems, as well as 
clindamycin.

From a pharmacodynamic perspective, it is advantageous 
to maintain an effective concentration of β-lactams above 
the MIC for a sufficiently long duration. Thus, continu-
ous (24 h) or prolonged (3–4 h) infusions may be benefi-
cial. Many studies have examined whether continuous or 
prolonged antibiotic administration is superior; however, 
these trials often excluded critically ill patients undergo-
ing RRT.

In 2024, the large BLING III trial was published, which 
randomized 7,202 patients to receive either continuous 
or intermittent administration of piperacillin/tazobactam 
or meropenem for sepsis [124]. The primary endpoint, 
all-cause mortality at day 90, was not statistically signifi-
cant (continuous 24.9% vs. intermittent 26.8%; absolute 
difference − 1.9%, 95% CI − 4.9% to 1.1%; OR 0.91, 95% 
CI 0.81 to 1.01; p = 0.08). However, the secondary end-
point of clinical cure was significantly better in the con-
tinuous group (55.7% vs. 50.0%; absolute difference 5.7%, 
95% CI 2.4% to 9.1%) [124]. Notably, patients undergoing 
RRT were excluded from the BLING III trial. At the same 
time, a new systematic review including RCTs was pub-
lished, which included the results of the BLING III trial 
and concluded that continuous administration reduced 
90-day mortality (RR 0.86, 95% CI 0.72–0.98) [125]. 
Despite these conflicting data, most national and interna-
tional guidelines recommend prolonged administration 
of β-lactams to achieve better PK/PD targets [126–129].

Because many studies excluded patients undergoing 
RRT, evidence on prolonged or bolus administration of 
anti-infectives in RRT patients is limited (recommenda-
tion 6.5). In the BLING II cohort, approximately 26% of 
patients in both groups received RRT and were included 
in a joint analysis [130]. The SMARRT study included 
patients with RRT and reported very high variability 
in measured antibiotic levels [131]. Jamal et al. (2015) 
showed that continuous administration of piperacillin 
and meropenem led to more stable steady-state concen-
trations, while short infusions resulted in higher peak 
concentrations under both CRRT and IHD [132, 133]. 
Studies concluded that continuous antibiotic adminis-
tration during CRRT led to more reliable PK/PD target 
attainment and tended to outperform intermittent short 
infusions [134–137].

Due to the temporary, high clearance of some anti-
infective agents during IHD, the literature recommends 
administering a supplementation dose at the end of IHD. 
The required supplementation dose depends on how 
effectively the substance is eliminated by the filter and 
dialysis procedure (recommendations 6.6 and 6.7).

Therapeutic drug monitoring (TDM)  In clinical practice, 
blood samples for TDM are usually measured at the end 
of the dosing interval before the next dose is applied. After 
4–5 half-lives, it can be assumed that a steady state has 
been reached in blood and tissue. For intermittent short-
infusion administration, a target trough level (free con-
centration, fC_min) 1× > MIC is considered appropriate. 
In continuous administration, a target level of 2–6 × > 
MIC is recommended. This target level depends on dis-
ease severity and the identified pathogen [126, 127, 138, 
139].

It is difficult to evaluate the effects of TDM in criti-
cally ill patients undergoing RRT because most studies 
excluded patients with AKI or those undergoing RRT. 
One exception is the large retrospective study by Rich-
ter et al. [136], which included patients on RRT and 
found that 10.1% of patients overall were underdosed 
with piperacillin/tazobactam at the initial empirical dose 
[136].

The randomized TARGET study evaluated TDM-
based individual dosing of piperacillin under continu-
ous administration in 254 patients, about one-quarter of 
whom received RRT [140]. The primary endpoint, SOFA 
score, was not significantly different between groups 
(7.9 with TDM vs. 8.2 without TDM). Similarly, 28-day 
mortality (21.6% vs. 25.8%; RR 0.8, 95% CI 0.5–1.3; p = 
0.44) and clinical cure (OR 1.9, 95% CI 0.5–6.2; p = 0.30) 
showed no significant differences. However, PK/PD tar-
get attainment was significantly improved with TDM 
(37.3% vs. 14.6%; OR 4.5, 95% CI 2.9–6.9; p < 0.001). 
Notably, 28-day mortality was significantly higher in 
patients with piperacillin concentrations > 96 mg/L com-
pared to those with concentrations between 32 and 64 
mg/L (33.7% vs. 8.3%; OR 4.21, 95% CI 1.4–12.5; p = 0.01) 
or 64–96 mg/L (33.7% vs. 19.7%; OR 2.5, 95% CI 1.1–5.8; 
p = 0.03). According to the authors, this was likely due to 
reduced renal elimination and subsequent drug accumu-
lation in the most severely ill patients.

A systematic review by Sanz-Codina et al. [141] evalu-
ated 10 RCTs on TDM effects [141]. Mortality and clini-
cal cure were not significantly improved with TDM (RR 
0.86, 95% CI 0.71–1.05 and RR 1.33, 95% CI 0.94–1.33, 
respectively). Conversely, PK/PD target attainment was 
significantly better (RR 1.41, 95% CI 1.13–1.76), as was 
reduced nephrotoxicity (RR 0.55, 95% CI 0.31–0.97).

The question of TDM effects in patients undergoing 
continuous and intermittent RRT was addressed in a 
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systematic review by Matusik et al. [139] including 139 
reports, who recommended TDM for aminoglycosides, 
β-lactams, glycopeptides, linezolid, and colistin due to 
the high variability of antibiotic levels, and suggested 
considering it for tigecycline, daptomycin, and fluoroqui-
nolones [139].

Given the significant risk of incorrect dosing in patients 
with multiple organ failure and RRT, we recommend that 
TDM be performed whenever possible for critical antibi-
otics in life-threatening infections (recommendation 6.8).

The topic of intoxications can be found in the Supple-
mentary Material. Further Recommendations.

7.	 Stopping Renal Replacement Therapy

7.1- Diuretics may be considered when discontinuing RRT in 
order to increase the amount of diuresis

0
⊕⊝⊝⊝

7.2- We suggest the use of urine output as a predictive 
marker for the discontinuation of RRT

B
⊕⊝⊝⊝

7.3- We are unable to make a recommendation on a precise 
minimum urine output volume for successful termination of 
RRT; as guidance, a spontaneous urine output of 300–600 ml/
day without diuretics may be considered indicative

0
⊕⊝⊝⊝

7.4- The kinetic GFR, based on endogenous clearance, can 
be considered as a predictive factor after discontinuation of 
RRT to assess the endogenous concentrating capacity of the 
kidney

0
⊕⊝⊝⊝

7.5- Persistent hyperkalemia (> 5.5 mmol/L) may indicate an 
increased risk of weaning failure from RRT and should be 
investigated using differential diagnosis before attempting 
weaning

0
⊕⊝⊝⊝

E7.6- We are unable to make a recommendation regarding 
the use of new damage or function markers as predictive 
markers for discontinuing RRT

0
⊕⊝⊝⊝

7.7- We suggest that persistent metabolic acidosis (pH < 7.3) 
should be recognized as a potential indicator of increased 
risk for weaning failure from RRT and that differential diagno-
sis be conducted before attempting weaning

B
⊕⊝⊝⊝

7.8- We suggest correction of fluid overload before attempt-
ing to discontinue RRT

B
⊕⊝⊝⊝

 
Criteria for discontinuing RRT may include an absence 
of the absolute indications that initially prompted its 
initiation. Our systematic literature search identified 
20 studies that provided information on defining suc-
cessful discontinuation. The mean duration used across 
these studies was 5.95 days, with eight studies choos-
ing a period of 7 days. The consensus group considered 
a seven-day period an appropriate measure for defining 
successful primary discontinuation (weaning failure as 
reestablishment of RRT within seven days of intention-
ally stopping dialysis or filtration procedures).

Patients who successfully discontinued RRT had lower 
mortality rates than those who did not. A literature 
search found 14 studies reporting mortality data for a 
total of 3,017 patients. Among patients with successful 
discontinuation, 422 out of 1,752 died, compared to 694 

out of 1,265 patients without successful discontinuation 
(in-hospital mortality) (OR 3.83; 95% [CI], 3.27–4.47; 
p < 0.0001).

Loop diuretics  Two RCTs investigated whether admin-
istering diuretics immediately after discontinuing RRT 
could improve the success rate of discontinuation. Can-
tarovich et al. [142] studied 338 patients, comparing 35 
mg/kg of furosemide to placebo; 235 patients received IHD 
and 95 received CRRT [142]. While diuretics increased 
urine output, they did not improve the rate of success-
ful discontinuation. van der Voort et al. [143] reached a 
similar conclusion in a smaller RCT [143]. Additionally, 
three observational studies and four retrospective analy-
ses found an association between higher urine output at 
the end of RRT and successful discontinuation.

The systematic review by Katulka et al. including 23 
observational studies confirmed that diuretics consis-
tently increased urine output during RRT weaning [144]. 
However, the available RCTs demonstrated that despite 
increased urine output, the rate of successful discontinu-
ation did not improve [142, 143, 145]. (recommenda-
tion 7.1, 7.2) An interesting approach is the use of FST 
to evaluate renal reserve before discontinuing RRT [145]. 
Studies on this method are still pending.

Weaning protocols  In recent years, five observational and 
retrospective studies have investigated various protocols 
and algorithms. Despite limited evidence, these stud-
ies indicated that specific protocols facilitated a more 
consistent cessation of RRT [146, 147]. Baeg et al. [146] 
identified four variables that correlated well with actual 
weaning success: mean arterial pressure (MAP) between 
50 and 78 mmHg, blood urea nitrogen below 35 mg/dL (± 
12.5 mmol/L), potassium level below 4.1 mmol/L on the 
day of termination, and urine output greater than 300 mL 
on the day after RRT discontinuation [146].

Urine output  Diuresis volume is the parameter that corre-
lates best with successful discontinuation of RR [144, 148, 
149]. However, at present, no consensus exists regarding 
a definitive urine output threshold required before dis-
continuation of RRT. Thresholds reported in individual 
studies vary widely between 191 ml/day [150] and 1700 
ml/day [151]. In clinical practice, a urine output thresh-
old of 300 or 500 ml/day is frequently used which aligns 
with studies showing 70% unsuccessful weaning rate with 
a diuresis below 0.3 ml/kg/h [152, 153]. Uchino et al. [154] 
found that patients with 400 ml/day without diuretics, 
and 2300 ml/day with diuretics, had an 80% probability 
of successful RRT discontinuation [154]. Based on low to 
moderate evidence, a pragmatic approach is to recom-
mend a minimum urine output of 300–600 ml/day (or 0.3 
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ml/kg/h), which may be associated with a 70–80% prob-
ability of success (recommendation 7.3).

Kinetic GFR  Creatinine alone is not a fully reliable marker 
because its levels are influenced by both endogenous renal 
clearance and clearance via the dialysis machine. A simi-
lar limitation likely applies to cystatin C, which has been 
associated with an increased risk of weaning failure when 
elevated, but is also substantially cleared during dialysis 
[155, 156]. To overcome this limitation, kinetic eGFR esti-
mation models have been developed. These models assess 
the change in creatinine over time, including the Chen 
formula [151], which demonstrated an AUC of 0.87 in a 
small retrospective study for predicting successful discon-
tinuation (recommendation 7.4).

New biomarkers  Recent research has explored whether 
new structural biomarkers can predict successful discon-
tinuation of RRT. Katulka et al. [144] found an AUC of 
0.65 for serum NGAL [144]. Other studies reported AUCs 
in the range of 0.66–0.88 for NGAL [156–159]. In con-
trast, a larger prospective observational study by Stads et 
al. [160] showed that although urine NGAL was elevated 
two days after RRT discontinuation (776 vs. 277 ng/ml; p 
= 0.005), only an incremental serum creatinine ratio was 
an independent predictor of unsuccessful weaning (AUC 
0.76) [160]. Overall, biomarkers such as NGAL, cystatin 
C, and others (e.g., FABP, KIM1, proenkephalin) tend to 
be elevated in cases of weaning failure, but threshold val-
ues and predictive accuracy (AUCs) vary widely (recom-
mendation 7.5).

Negative indicators  Hyperkalemia and acidosis are two 
potential factors that may negatively impact the successful 
weaning of patients from RRT. A meta-analysis by Wang 
et al. [148] summarized two observational studies that 
investigated the effect of acidosis on unsuccessful discon-
tinuation of RRT [148]. Among the 754 patients included, 
the mean difference was 0.16 (95% CI: 0.06–0.31; p = 0.03; 
heterogeneity p = 0.70, I² = 0%), indicating a statistically 
significant association (recommendation 7.6).

A retrospective Brazilian cohort study involving 316 
patients receiving RRT found that a higher pH—but not 
elevated potassium levels—was associated with a higher 
rate of successful RRT discontinuation [161] (recommen-
dation 7.7).

Fluid overload has been identified as one of the lead-
ing indications for resumption of RRT. Volbeda et al. 
[162] reported that 88% of respondents in a Dutch sur-
vey resumed therapy due to fluid overload [163]. Data 
on fluid balance were reported in nine studies identified 
through a systematic literature search. Four of these stud-
ies reported a correlation between a positive fluid balance 
and unsuccessful discontinuation of RRT [160, 164–166]. 

In contrast, van der Voort et al. [143] observed a non-sig-
nificant trend [143], and Chen et al. [158] found no asso-
ciation between fluid overload and failure to discontinue 
RRT [158] (recommendation 7.8).

Conclusions
RRT needs ongoing evaluation and timely adjustments to 
treatment strategies, particularly in critically ill patients 
whose clinical status is often highly dynamic, necessitat-
ing ongoing evaluation and timely adjustments to treat-
ment strategies. This guideline provides evidence-based 
recommendations for the optimal management of RRT in 
this setting.

Abbreviations
AKI	� Acute Kidney Injury
CKD	� Chronic Kidney Disease
CRRT	� Continuous Renal Replacement Therapy
IHD	� Intermittent Hemodialysis
KDIGO Kidney Disease	� Improving Global Outcomes
PIRRT	� Prolonged Intermittent Renal Replacement Therapy
RCT	� Randomized Controlled Trial
SLEDD	� Sustained Low Efficient Daily Dialysis
TDM	� Therapeutic drug monitoring

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​5​4​-​0​2​5​-​0​5​8​1​7​-​6.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
We thank the professional moderation from Ina Kopp, AWMF in the course 
of guideline development. We thank Jan Kielstein, Otto Frey, David Czock, 
Alexander Brinkmann for their contributions in pharmacological guidelines.

Authors' information
The guideline has been published in a German version [167] and on the 
AWMF website.

Author contributions
MMD and CW prepared the first draft, led the conceptualization and 
approach, provided tables and created figures. All other authors made critical 
revision of the manuscript for key intellectual component and provided final 
approval of the final version of the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. Funding was 
provided exclusively by the professional associations (DIVI, DGAI, and DGIIN) 
themselves.

Data availability
All data generated or analyzed during this study are included in this published 
article and its supplementary information can be found at ​*​h​t​t​​p​s​:​​/​/​r​e​​g​i​​s​t​e​r​.​a​w​
m​f​.​o​r​g​/​d​e​/​l​e​i​t​l​i​n​i​e​n​/​d​e​t​a​i​l​/​0​4​0​-​0​1​7​*​.​​

Declarations

Ethics approval and consent to participate
Not applicable as this is a consensus guideline article.

https://doi.org/10.1186/s13054-025-05817-6
https://doi.org/10.1186/s13054-025-05817-6
https://register.awmf.org/de/leitlinien/detail/040-017
https://register.awmf.org/de/leitlinien/detail/040-017


Page 14 of 18Meersch-Dini et al. Critical Care           (2026) 30:46 

Consent for publication
Not applicable.

Competing interests
All potential conflicts of interest were identified by the AWMF prior to the 
development of the guideline and are published under ​(​h​t​t​​p​s​:​​/​/​r​e​​g​i​​s​t​e​r​.​a​w​m​f​
.​o​r​g​/​d​e​/​l​e​i​t​l​i​n​i​e​n​/​d​e​t​a​i​l​/​0​4​0​-​0​1​7​)​. Voting rights were defined in the event of a 
conflict of interest before the official consensus rounds took place.

Author details
1Department of Anesthesiology, Intensive Care and Pain Medicine, 
University Hospital Münster, Münster, Germany
2Department of Nephrology and Diabetology, Evangelisches Klinikum 
Bethel, Bielefeld, Germany
3Asklepios Klinik Lich GmbH, Lich, Germany
4Department of Anesthesia and Critical Care Medicine, General Hospital 
of Heidenheim, Heidenheim, Germany
5Division of Medical Intensive Care and Emergency Medicine, Clinical 
Pharmacokinetics Unit, Department of Internal Medicine I, Medical 
University of Innsbruck, Innsbruck, Austria
6Institute of Infectious Diseases and Infection Control, Jena University 
Hospital, Jena, Germany
7Department of Internal Medicine II, Klinikum Saarbrücken, Saarbrücken, 
Germany
8Internal Medicine IX, Department of Clinical Pharmacology and 
Pharmacoepidemiology, Heidelberg University Hospital, Heidelberg, 
Germany
9Department of Pharmacy, General Hospital of Heidenheim, Heidenheim, 
Germany
10Märkische Kliniken GmbH, Klinikum Lüdenscheid, Lüdenscheid, 
Germany
11University of Applied Sciences Hamburg, Hamburg, Germany
12Division of Intensive Care and Emergency Medicine, Department of 
Internal Medicine, Medical University of Innsbruck, Innsbruck, Austria
13Department of Internal Medicine, Klinikum Nürnberg, Nürnberg, 
Germany
14Department of Medicine I-Nephrology, Transplantation & Medical 
Intensive Care, Medical Center Cologne-Merheim, University Witten/
Herdecke, Cologne, Germany
15Department of Neurosurgery, University Medical Center Mainz, Mainz, 
Germany
16Department of Anesthesiology, University Hospital Düsseldorf, Heinrich 
Heine University, Düsseldorf, Germany
17Bundesverband Niere e.V, Mainz, Germany
18Department of Internal Medicine - Nephrology, Vivantes Klinikum im 
Friedrichshain, Berlin, Germany
19Department of Emergency and Intensive Care Medicine, Klinikum Ernst 
von Bergmann Klinikum, Potsdam, Germany
20Health and Medical University Potsdam, Potsdam, Germany
21Center for Nephrology, Hypertension and Metabolic Diseases, 
Hannover, Germany
22Department of Nephrology, Städtisches Klinikum Solingen, Solingen, 
Germany
23Department of Nephrology and Hypertension, Friedrich-Alexander-
University Erlangen-Nürnberg, University Hospital Erlangen, Erlangen, 
Germany
24Department of Anaesthesiology, Intensive Care and Pain Medicine, 
University of Muenster, Albert-Schweitzer-Campus 1, Building A1,  
48149 Muenster, Germany

Received: 24 October 2025 / Accepted: 22 December 2025

References
1.	 Hoste EA, Bagshaw SM, Bellomo R, Cely CM, Colman R, Cruz DN, et al. 

Epidemiology of acute kidney injury in critically ill patients: the multinational 
AKI-EPI study. Intensive Care Med. 2015;41(8):1411–23.

2.	 Kellum JALN, Aspelin P, Barsoum RS, Burdmann EA, Goldstein SL, Herzog CA, 
et al. Clinical practice guideline for acte kidney injury 2012. Kidney Int Suppl. 
2012;2:1–138.

3.	 Eriksen MB, Frandsen TF. The impact of patient, intervention, comparison, 
outcome (PICO) as a search strategy tool on literature search quality: a 
systematic review. J Med Libr Assoc. 2018;106(4):420–31.

4.	 Investigators S-A, Canadian Critical Care Trials G, Australian, New Zealand 
Intensive Care Society Clinical Trials G, United Kingdom Critical Care Research 
G, Canadian Nephrology Trials N. Timing of initiation of renal-replacement 
therapy in acute kidney injury. N Engl J Med. 2020;383(3):240–51.

5.	 Palevsky PM, Zhang JHY, O’Connor TZ, Chertow GM, Crowley ST, Choudhury 
D et al. vol 359, pg 7,. Intensity of Renal Support in Critically Ill Patients with 
Acute Kidney Injury (2008). New Engl J Med. 2009;361(24):2391-.

6.	 Network VNARFT, Palevsky PM, Zhang JH, O’Connor TZ, Chertow GM, Crowley 
ST, et al. Intensity of renal support in critically ill patients with acute kidney 
injury. N Engl J Med. 2008;359(1):7–20.

7.	 Zarbock A, Kellum JA, Schmidt C, Van Aken H, Wempe C, Pavenstadt H, et al. 
Effect of early vs delayed initiation of renal replacement therapy on mortality 
in critically ill patients with acute kidney injury: the ELAIN randomized clinical 
trial. JAMA. 2016;315(20):2190–9.

8.	 Fayad AI, Buamscha DG, Ciapponi A. Intensity of continuous renal replace-
ment therapy for acute kidney injury. Cochrane Database Syst Rev. 2016. 
Issue 10 . ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​1​​4​6​5​​1​8​5​​8​.​C​D​​0​1​​0​6​1​3​.​p​u​b​2

9.	 Fayad AI, Buamscha DG, Ciapponi A. Timing of kidney replacement 
therapy initiation for acute kidney injury. Cochrane Database Syst Rev. 
2022;11(11):CD010612.

10.	 Gaudry S, Hajage D, Martin-Lefevre L, Lebbah S, Louis G, Moschietto S, et 
al. Comparison of two delayed strategies for renal replacement therapy 
initiation for severe acute kidney injury (AKIKI 2): a multicentre, open-label, 
randomised, controlled trial. Lancet. 2021;397(10281):1293–300.

11.	 Sitbon A, Darmon M, Geri G, Jaubert P, Lamouche-Wilquin P, Monet C, et 
al. Accuracy of clinicians’ ability to predict the need for renal replacement 
therapy: a prospective multicenter study. Ann Intensive Care. 2022;12(1):95.

12.	 Bagshaw SM, Neto AS, Smith O, Weir M, Qiu H, Du B, et al. Impact of renal-
replacement therapy strategies on outcomes for patients with chronic 
kidney disease: a secondary analysis of the STARRT-AKI trial. Intensive Care 
Med. 2022;48(12):1736–50.

13.	 Wald R, Gaudry S, da Costa BR, Adhikari NKJ, Bellomo R, Du B, et al. Initiation 
of continuous renal replacement therapy versus intermittent hemodialysis in 
critically ill patients with severe acute kidney injury: a secondary analysis of 
STARRT-AKI trial. Intensive Care Med. 2023;49(11):1305–16.

14.	 Karvellas CJ, Farhat MR, Sajjad I, Mogensen SS, Leung AA, Wald R, et al. A com-
parison of early versus late initiation of renal replacement therapy in critically 
ill patients with acute kidney injury: a systematic review and meta-analysis. 
Crit Care. 2011;15(1):R72.

15.	 Barbar SD, Clere-Jehl R, Bourredjem A, Hernu R, Montini F, Bruyere R, et al. 
Timing of renal-replacement therapy in patients with acute kidney injury and 
sepsis. N Engl J Med. 2018;379(15):1431–42.

16.	 Gaudry S, Hajage D, Schortgen F, Martin-Lefevre L, Pons B, Boulet E, et al. 
Initiation strategies for renal-replacement therapy in the intensive care unit. 
N Engl J Med. 2016. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​1​6​0​3​0​1​7.

17.	 Chawla LS, Davison DL, Brasha-Mitchell E, Koyner JL, Arthur JM, Shaw AD, et 
al. Development and standardization of a furosemide stress test to predict 
the severity of acute kidney injury. Crit Care. 2013;17(5):R207.

18.	 Chen JJ, Chang CH, Huang YT, Kuo G. Furosemide stress test as a predictive 
marker of acute kidney injury progression or renal replacement therapy: a 
systemic review and meta-analysis. Crit Care. 2020;24(1):202.

19.	 Wald R, Adhikari NK, Smith OM, Weir MA, Pope K, Cohen A, et al. Comparison 
of standard and accelerated initiation of renal replacement therapy in acute 
kidney injury. Kidney Int. 2015;88(4):897–904.

20.	 Meersch M, Weiss R, Gerss J, Albert F, Gruber J, Kellum JA, et al. Predicting the 
development of renal replacement therapy indications by combining the 
furosemide stress test and chemokine (C-C motif ) ligand 14 in a cohort of 
postsurgical patients. Crit Care Med. 2023;51(8):1033–42.

21.	 Xu Q, Jiang B, Li J, Lu W, Li J. Comparison of filter life span and solute removal 
during continuous renal replacement therapy: convection versus diffusion - a 
randomized controlled trial. Ther Apher Dial. 2022;26(5):1030–9.

22.	 Mann L, Ten Eyck P, Wu C, Story M, Jenigiri S, Patel J, et al. Cvvhd results in 
longer filter life than pre-filter CVVH: results of a quasi-randomized clinical 
trial. PLoS One. 2023;18(1):e0278550.

23.	 Côté JM, Pinard L, Cailhier JF, Lévesque R, Murray PT, Beaubien-Souligny W. 
Intermittent convective therapies in patients with acute kidney injury: a 
systematic review with meta-analysis. Blood Purif. 2022;51(1):75–86.

24.	 Zarbock A, Kullmar M, Kindgen-Milles D, Wempe C, Gerss J, Brandenburger 
T, et al. Effect of regional citrate anticoagulation vs systemic heparin 

https://register.awmf.org/de/leitlinien/detail/040-017
https://register.awmf.org/de/leitlinien/detail/040-017
https://doi.org/10.1002/14651858.CD010613.pub2
https://doi.org/10.1056/NEJMoa1603017


Page 15 of 18Meersch-Dini et al. Critical Care           (2026) 30:46 

anticoagulation during continuous kidney replacement therapy on dialysis 
filter life span and mortality among critically ill patients with acute kidney 
injury a randomized clinical trial. JAMA. 2020;324(16):1629–39.

25.	 Uchino S, Fealy N, Baldwin I, Morimatsu H, Bellomo R. Pre-dilution vs. post-
dilution during continuous veno-venous hemofiltration: impact on filter life 
and azotemic control. Nephron Clin Pract. 2003;94(4):c94–8.

26.	 Nurmohamed SA, Jallah BP, Vervloet MG, Beishuizen A, Groeneveld AB. Predi-
lution versus postdilution continuous venovenous hemofiltration: no effect 
on filter life and azotemic control in critically ill patients on heparin. ASAIO J. 
2011;57(1):48–52.

27.	 Friedrich JO, Wald R, Bagshaw SM, Burns KE, Adhikari NK. Hemofiltration 
compared to hemodialysis for acute kidney injury: systematic review and 
meta-analysis. Crit Care. 2012;16(4):R146.

28.	 Zha J, Li C, Cheng G, Huang L, Bai Z, Fang C. The efficacy of renal replace-
ment therapy strategies for septic-acute kidney injury: a PRISMA-compliant 
network meta-analysis. Medicine. 2019;98(16):e15257.

29.	 Snow TAC, Littlewood S, Corredor C, Singer M, Arulkumaran N. Effect of 
extracorporeal blood purification on mortality in sepsis: a meta-analysis and 
trial sequential analysis. Blood Purif. 2021;50(4–5):462–72.

30.	 Jang M. Survival comparison between continuous venovenous hemodi-
afiltration (CVVHDF) and continuous venovenous hemofiltration (CVVH) for 
septic AKI. J Am Soc Nephrol. 2021;32(10):131.

31.	 Dépret F, Peacock WF, Liu KD, Rafique Z, Rossignol P, Legrand M. Management 
of hyperkalemia in the acutely ill patient. Ann Intensive Care. 2019. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​6​1​3​-​0​1​9​-​0​5​0​9​-​8.

32.	 Zeng X, Zhang L, Wu T, Fu P. Continuous renal replacement therapy (CRRT) 
for rhabdomyolysis. Cochrane Database Syst Rev. 2014;2014(6):CD008566.

33.	 Peltonen S, Ahlstrom A, Kylavainio V, Honkanen E, Pettila V. The effect of com-
bining intermittent hemodiafiltration with forced alkaline diuresis on plasma 
myoglobin in rhabdomyolysis. Acta Anaesthesiol Scand. 2007;51(5):553–8.

34.	 Weidhase L, de Fallois J, Haussig E, Kaiser T, Mende M, Petros S. Myoglobin 
clearance with continuous veno-venous hemodialysis using high cutoff 
dialyzer versus continuous veno-venous hemodiafiltration using high-flux 
dialyzer: a prospective randomized controlled trial. Crit Care. 2020;24(1):644.

35.	 Rabindranath K, Adams J, Macleod AM, Muirhead N. Intermittent versus con-
tinuous renal replacement therapy for acute renal failure in adults. Cochrane 
Database Syst Rev. 2007;3:CD003773.

36.	 Ye Z, Wang Y, Ge L, Guyatt GH, Collister D, Alhazzani W, et al. Comparing renal 
replacement therapy modalities in critically ill patients with acute kidney 
injury: a systematic review and network meta-analysis. Crit Care Explor. 
2021;3(5):e0399.

37.	 Zhang L, Yang J, Eastwood GM, Zhu G, Tanaka A, Bellomo R. Extended daily 
dialysis versus continuous renal replacement therapy for acute kidney injury: 
a meta-analysis. Am J Kidney Dis. 2015;66(2):322–30.

38.	 Kovacs B, Sullivan KJ, Hiremath S, Patel RV. Effect of sustained low efficient 
dialysis versus continuous renal replacement therapy on renal recovery after 
acute kidney injury in the intensive care unit: a systematic review and meta-
analysis. Nephrology. 2017;22(5):343–53.

39.	 Schoenfelder T, Chen X, Bless HH. Effects of continuous and intermittent renal 
replacement therapies among adult patients with acute kidney injury. GMS 
Health Technol Assess. 2017;13:Doc01.

40.	 Naorungroj T, Neto AS, Wang A, Gallagher M, Bellomo R. Renal outcomes 
according to renal replacement therapy modality and treatment protocol in 
the ATN and RENAL trials. Crit Care. 2022;26(1):269.

41.	 Grolleau F, Porcher R, Barbar S, Hajage D, Bourredjem A, Quenot JP, et al. 
Personalization of renal replacement therapy initiation: a secondary analysis 
of the AKIKI and IDEAL-ICU trials. Crit Care. 2022;26(1):64.

42.	 Bonnassieux M, Duclos A, Schneider AG, Schmidt A, Benard S, Cancalon C, 
et al. Renal replacement therapy modality in the ICU and renal recovery at 
hospital discharge. Crit Care Med. 2018;46(2):e102–10.

43.	 Truche AS, Darmon M, Bailly S, Clec’h C, Dupuis C, Misset B, et al. Continuous 
renal replacement therapy versus intermittent hemodialysis in intensive care 
patients: impact on mortality and renal recovery. Intensive Care Med. 2016. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​1​3​4​-​0​1​6​-​4​4​0​4​-​6.

44.	 Koyner JL, Mackey RH, Echeverri J, Rosenthal NA, Carabuena LA, Bronson-
Lowe D, et al. Initial renal replacement therapy (RRT) modality associates with 
90-day postdischarge RRT dependence in critically ill AKI survivors. J Crit Care. 
2024;82:154764.

45.	 Beaubien-Souligny W, Yang Y, Burns KEA, Friedrich JO, Meraz-Munoz A, Clark 
EG, et al. Intra-dialytic hypotension following the transition from continuous 
to intermittent renal replacement therapy. Ann Intensive Care. 2021;11(1):96.

46.	 Willam C, Meersch M, Herbst L, Heering P, Schmitz M, Oppert M, et al. [Present 
practise patterns of renal replacement therapy in German intensive care 
medicine]. Med Klin Intensivmed Notfmed. 2022;117(5):367–73.

47.	 Russo DS, Eugenio CS, Balestrin IG, Rodrigues CG, Rosa RG, Teixeira C, et al. 
Comparison of hemodynamic instability among continuous, intermittent 
and hybrid renal replacement therapy in acute kidney injury: a systematic 
review of randomized clinical trials. J Crit Care. 2022;69:153998.

48.	 Guru PK, Singh TD, Akhoundi A, Kashani KB. Association of thrombocytope-
nia and mortality in critically ill patients on continuous renal replacement 
therapy. Nephron. 2016;133(3):175–82.

49.	 Griffin BR, Ten Eyck P, Faubel S, Jalal D, Gallagher M, Bellomo R. Platelet 
decreases following continuous renal replacement therapy initiation as a 
novel risk factor for renal nonrecovery. Blood Purif. 2022;51(7):559–66.

50.	 Pschowski R, Briegel S, Von Haehling S, Doehner W, Bender TO, Pape UF, et 
al. Effects of Dialysis modality on blood loss, bleeding complications and 
transfusion requirements in critically ill patients with Dialysis-dependent 
acute renal failure. Anaesth Intensive Care. 2015;43(6):764–70.

51.	 Vinsonneau C, Camus C, Combes A, de Costa Beauregard MA, Klouche 
K, Boulain T, et al. Continuous venovenous haemodiafiltration versus 
intermittent haemodialysis for acute renal failure in patients with multiple-
organ dysfunction syndrome: a multicentre randomised trial. Lancet. 
2006;368(9533):379–85.

52.	 Schwenger V, Weigand MA, Hoffmann O, Dikow R, Kihm LP, Seckinger J, et al. 
Sustained low efficiency dialysis using a single-pass batch system in acute 
kidney injury - a randomized interventional trial: the renal replacement 
therapy study in intensive care unit patients. Crit Care. 2012;16(4):R140.

53.	 Nadkarni GN, Patel AA, Konstantinidis I, Mahajan A, Agarwal SK, Kamat S, et 
al. Dialysis requiring acute kidney injury in acute cerebrovascular accident 
hospitalizations. Stroke. 2015;46(11):3226–31.

54.	 Lund A, Damholt MB, Wiis J, Kelsen J, Strange DG, Moller K. Intracranial pres-
sure during hemodialysis in patients with acute brain injury. Acta Anaesthe-
siol Scand. 2019;63(4):493–9.

55.	 Parsons AD, Sanscrainte C, Leone A, Griepp DW, Rahme R. Dialysis disequi-
librium syndrome and intracranial pressure fluctuations in neurosurgical 
patients undergoing renal replacement therapy: systematic review and 
pooled analysis. World Neurosurg. 2023;170:2–6.

56.	 Davenport A, Will EJ, Davison AM, Swindells S, Cohen AT, Miloszewski KJ, et al. 
Changes in intracranial pressure during machine and continuous haemofil-
tration. Int J Artif Organs. 1989;12(7):439–44.

57.	 Wu VC, Huang TM, Shiao CC, Lai CF, Tsai PR, Wang WJ, et al. The hemody-
namic effects during sustained low-efficiency dialysis versus continuous 
veno-venous hemofiltration for uremic patients with brain hemorrhage: a 
crossover study. J Neurosurg. 2013;119(5):1288–95.

58.	 Johansen N, Kjaergaard KD, Peters CD, Pedersen M, Jespersen B, Jensen JD. 
Brain swelling during dialysis: A randomized trial comparing low-flux hemo-
dialysis with pre-dilution hemodiafiltration. Clinical nephrology. 2017;87 
(2017)(5):221–30.

59.	 Messmer AS, Zingg C, Muller M, Gerber JL, Schefold JC, Pfortmueller CA. Fluid 
overload and mortality in adult critical care patients-a systematic review and 
meta-analysis of observational studies. Crit Care Med. 2020;48(12):1862–70.

60.	 Augustine JJ, Sandy D, Seifert TH, Paganini EP. A randomized controlled trial 
comparing intermittent with continuous dialysis in patients with ARF. Am J 
Kidney Dis. 2004;44(6):1000–7.

61.	 Bouchard J, Soroko SB, Chertow GM, Himmelfarb J, Ikizler TA, Paganini EP, et 
al. Fluid accumulation, survival and recovery of kidney function in critically ill 
patients with acute kidney injury. Kidney Int. 2009;76(4):422–7.

62.	 Mehta RL, McDonald B, Gabbai FB, Pahl M, Pascual MT, Farkas A, et al. A ran-
domized clinical trial of continuous versus intermittent dialysis for acute renal 
failure. Kidney Int. 2001;60(3):1154–63.

63.	 Albino BB, Balbi AL, Abrao JM, Ponce D. Dialysis complications in acute 
kidney injury patients treated with prolonged intermittent renal replacement 
therapy sessions lasting 10 versus 6 hours: results of a randomized clinical 
trial. Artif Organs. 2015;39(5):423–31.

64.	 Zhou X, Dong P, Pan J, Wang H, Xu Z, Chen B. Renal replacement therapy 
modality in critically ill patients with acute kidney injury - a network meta-
analysis of randomized controlled trials. J Crit Care. 2021;64:82–90.

65.	 Dalbhi SA, Alorf R, Alotaibi M, Altheaby A, Alghamdi Y, Ghazal H, et al. Sus-
tained low efficiency dialysis is non-inferior to continuous renal replacement 
therapy in critically ill patients with acute kidney injury: a comparative meta-
analysis. Medicine. 2021;100(51):e28118.

66.	 Daum N, Drewniok N, Bald A, Ulm B, Buyukli A, Grunow JJ, et al. Early mobili-
sation within 72 hours after admission of critically ill patients in the intensive 

https://doi.org/10.1186/s13613-019-0509-8
https://doi.org/10.1186/s13613-019-0509-8
https://doi.org/10.1007/s00134-016-4404-6
https://doi.org/10.1007/s00134-016-4404-6


Page 16 of 18Meersch-Dini et al. Critical Care           (2026) 30:46 

care unit: a systematic review with network meta-analysis. Intensive Crit Care 
Nurs. 2024;80:103573.

67.	 Wang L, Hua Y, Wang L, Zou X, Zhang Y, Ou X. The effects of early mobilization 
in mechanically ventilated adult ICU patients: systematic review and meta-
analysis. Front Med (Lausanne). 2023;10:1202754.

68.	 Zhou L, Xie F, Zeng Y, Xia X, Wang R, Cai Y, et al. Preventive effects of early 
mobilisation on delirium incidence in critically ill patients: systematic review 
and meta-analysis. Med Klin Intensivmed Notfmed. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​0​7​​/​s​​0​0​0​6​3​-​0​2​4​-​0​1​2​4​3​-​8.

69.	 Schaller SJ, Scheffenbichler FT, Bein T, Blobner M, Grunow JJ, Hamsen U, et 
al. Guideline on positioning and early mobilisation in the critically ill by an 
expert panel. Intensive Care Med. 2024;50(8):1211–27.

70.	 Perme C, Nalty T, Winkelman C, Kenji Nawa R, Masud F. Safety and efficacy 
of mobility interventions in patients with femoral catheters in the ICU: a 
prospective observational study. Cardiopulm Phys Ther J. 2013;24(2):12–7.

71.	 Toonstra AL, Zanni JM, Sperati CJ, Nelliot A, Mantheiy E, Skinner EH, et al. Fea-
sibility and safety of physical therapy during continuous renal replacement 
therapy in the intensive care unit. Ann Am Thorac Soc. 2016;13(5):699–704.

72.	 Mayer KP, Joseph-Isang E, Robinson LE, Parry SM, Morris PE, Neyra JA. Safety 
and feasibility of physical rehabilitation and active mobilization in patients 
requiring continuous renal replacement therapy: a systematic review. Crit 
Care Med. 2020;48(11):e1112-20.

73.	 Bento HA, Dummer D, Lohse BD, Noren C, Tonna JE. Walking while dialyzing: 
a retrospective observation of early mobility and ambulation for patients on 
continuous renal replacement therapy. Crit Care Explor. 2020;2(6):e0131.

74.	 Eggers D, Hermes C, Esteve H, Nickoleit M, Filipovic S, Konig V, et al. [Interpro-
fessional curriculum for early mobilization: developed by the nursing section 
of the DGIIN in close Cooperation with the German early mobilization 
network]. Med Klin Intensivmed Notfmed. 2023;118(6):487–91.

75.	 Chen Y, Xu S. Enhancing quality control in continuous renal replacement 
therapy through ICU specialist nursing care management program. Altern 
Ther Health Med. 2024;30(2):160–5.

76.	 Dubb R, Nydahl P, Hermes C, Schwabbauer N, Toonstra A, Parker AM, et al. 
Barriers and strategies for early mobilization of patients in intensive care 
units. Ann Am Thorac Soc. 2016;13(5):724–30.

77.	 Ragland C, Ochoa L, Hartjes T. Early mobilisation in intensive care during renal 
replacement therapy: a quality improvement project. Intensive Crit Care Nurs. 
2019;52:22–7.

78.	 Leung KC, Tai DJ, Ravani P, Quinn RR, Scott-Douglas N, MacRae JM. Citrate vs. 
acetate dialysate on intradialytic heparin dose: a double blind randomized 
crossover study. Hemodial Int Int Symp Home Hemodial. 2016;20(4):537–47.

79.	 Stegmayr BG, Jonsson P, Mahmood D. A significant proportion of patients 
treated with citrate containing dialysate need additional anticoagulation. Int 
J Artif Organs. 2013;36(1):1–6.

80.	 Oudemans-van Straaten HM, Bosman RJ, Koopmans M, van der Voort PH, 
Wester JP, van der Spoel JI, et al. Citrate anticoagulation for continuous veno-
venous hemofiltration. Crit Care Med. 2009;37(2):545–52.

81.	 Bai M, Zhou M, He L, Ma F, Li Y, Yu Y, et al. Citrate versus heparin anticoagula-
tion for continuous renal replacement therapy: an updated meta-analysis of 
RCTs. Intensive Care Med. 2015;41(12):2098–110.

82.	 Liu C, Mao Z, Kang H, Hu J, Zhou F. Regional citrate versus heparin antico-
agulation for continuous renal replacement therapy in critically ill patients: 
a meta-analysis with trial sequential analysis of randomized controlled trials. 
Crit Care. 2016;20(1):144.

83.	 Tsujimoto H, Tsujimoto Y, Nakata Y, Fujii T, Takahashi S, Akazawa M, et al. Phar-
macological interventions for preventing clotting of extracorporeal circuits 
during continuous renal replacement therapy. Cochrane Database Syst Rev. 
2020;12(12):CD012467.

84.	 Jacobs R, Verbrugghe W, Dams K, Roelant E, Couttenye MM, Devroey D, et al. 
Regional citrate anticoagulation in continuous renal replacement therapy: is 
metabolic fear the enemy of logic? A systematic review and meta-analysis of 
randomised controlled trials. Life. 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​l​​i​f​e​1​3​0​5​1​1​9​8.

85.	 Qi W, Liu J, Li A. Regional citrate anticoagulation or heparin antico-
agulation for renal replacement therapy in patients with liver failure: 
a systematic review and meta-analysis. Clin Appl Thromb Hemost. 
2023;29:10760296231174001.

86.	 Gerss J, Meersch M, Kindgen-Milles D, Brandenburger T, Willam C, Kellum JA, 
et al. The effect of filter lifespan during continuous renal replacement therapy 
in critically ill patients with acute kidney injury on the rate of new-onset 
infection: analysis from the RICH randomized controlled trial. Am J Respir Crit 
Care Med. 2022;206(4):511–4.

87.	 Zhou Z, Liu C, Yang Y, Wang F, Zhang L, Fu P. Anticoagulation options for 
continuous renal replacement therapy in critically ill patients: a systematic 
review and network meta-analysis of randomized controlled trials. Crit Care. 
2023;27(1):222.

88.	 Zarbock A, Kullmar M, Kindgen-Milles D, Wempe C, Gerss J, Brandenburger 
T, et al. Effect of regional citrate anticoagulation vs systemic heparin antico-
agulation during continuous kidney replacement therapy on dialysis filter 
life span and mortality among critically ill patients with acute kidney injury: a 
randomized clinical trial. JAMA. 2020;324(16):1629–39.

89.	 Khadzhynov D, Dahlinger A, Schelter C, Peters H, Kindgen-Milles D, Budde K, 
et al. Hyperlactatemia, lactate kinetics and prediction of citrate accumulation 
in critically ill patients undergoing continuous renal replacement therapy 
with regional citrate anticoagulation. Crit Care Med. 2017. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​9​7​​/​C​​C​M​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​2​5​0​1.

90.	 Schultheiss C, Saugel B, Phillip V, Thies P, Noe S, Mayr U, et al. Continuous 
venovenous hemodialysis with regional citrate anticoagulation in patients 
with liver failure: a prospective observational study. Crit Care. 2012;16(4):R162.

91.	 Tan JN, Haroon SWP, Mukhopadhyay A, Lau T, Murali TM, Phua J, et al. 
Hyperlactatemia predicts citrate intolerance with regional citrate anticoagu-
lation during continuous renal replacement therapy. J Intensive Care Med. 
2019;34(5):418–25.

92.	 Peng B, Lu J, Guo H, Liu J, Li A. Regional citrate anticoagulation for replace-
ment therapy in patients with liver failure: a systematic review and meta-
analysis. Front Nutr. 2023;10:1031796.

93.	 Zhang W, Bai M, Yu Y, Li L, Zhao L, Sun S, et al. Safety and efficacy of regional 
citrate anticoagulation for continuous renal replacement therapy in liver fail-
ure patients: a systematic review and meta-analysis. Crit Care. 2019;23(1):22.

94.	 Reeves JH, Cumming AR, Gallagher L, O’Brien JL, Santamaria JD. A controlled 
trial of low-molecular-weight heparin (dalteparin) versus unfractionated 
heparin as anticoagulant during continuous venovenous hemodialysis with 
filtration. Crit Care Med. 1999;27(10):2224–8.

95.	 Garces EO, Victorino JA, Thome FS, Rohsig LM, Dornelles E, Louzada M, et 
al. Enoxaparin versus unfractioned heparin as anticoagulant for continu-
ous venovenous hemodialysis: a randomized open-label trial. Ren Fail. 
2010;32(3):320–7.

96.	 Joannidis M, Kountchev J, Rauchenzauner M, Schusterschitz N, Ulmer H, Mayr 
A, et al. Enoxaparin vs. unfractionated heparin for anticoagulation during 
continuous veno-venous hemofiltration: a randomized controlled crossover 
study. Intensive Care Med. 2007;33(9):1571–9.

97.	 Natale P, Palmer SC, Ruospo M, Longmuir H, Dodds B, Prasad R, et al. Antico-
agulation for people receiving long-term haemodialysis. Cochrane Database 
Syst Rev. 2024;1(1):CD011858.

98.	 Shi M, Chen, H, Liu H, Qiu C, Jia R, Ding G. Anticoagulant elect of argatroban 
in ESRD patientsduring induction period of hemodialysis with central venous 
catheter access. J Ameerican Soc Nephrology. 2008;19.

99.	 Sun X, Chen Y, Xiao Q, Wang Y, Zhou J, Ma Z, et al. Effects of Argatroban as an 
anticoagulant for intermittent veno-venous hemofiltration (IVVH) in patients 
at high risk of bleeding. Nephrol Dial Transplant. 2011;26(9):2954–9.

100.	 Link A, Girndt M, Selejan S, Mathes A, Bohm M, Rensing H. Argatroban for 
anticoagulation in continuous renal replacement therapy. Crit Care Med. 
2009;37(1):105–10.

101.	 Reddy BV, Grossman EJ, Trevino SA, Hursting MJ, Murray PT. Argatroban anti-
coagulation in patients with heparin-induced thrombocytopenia requiring 
renal replacement therapy. Ann Pharmacother. 2005;39(10):1601–5.

102.	 Klingele M, Bomberg H, Lerner-Graber A, Fliser D, Poppleton A, Schafers 
HJ, et al. Use of argatroban: experiences in continuous renal replacement 
therapy in critically ill patients after cardiac surgery. J Thorac Cardiovasc Surg. 
2014;147(6):1918–24.

103.	 Arnold F, Westermann L, Rieg S, Neumann-Haefelin E, Biever PM, Walz G, et 
al. Comparison of different anticoagulation strategies for renal replacement 
therapy in critically ill patients with COVID-19: a cohort study. BMC Nephrol. 
2020;21(1):486.

104.	 Yasuda H, Uchino S, Uji M, Ohnuma T, Namba Y, Katayama S, et al. The lower 
limit of intensity to control uremia during continuous renal replacement 
therapy. Crit Care. 2014. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​5​4​-​0​1​4​-​0​5​3​9​-​4.

105.	 Investigators RRTS, Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, et al. 
Intensity of continuous renal-replacement therapy in critically ill patients. N 
Engl J Med. 2009;361(17):1627–38.

106.	 Kanagasundaram NS, Greene T, Larive AB, Daugirdas JT, Depner TA, Paganini 
EP. Dosing intermittent haemodialysis in the intensive care unit patient with 

https://doi.org/10.1007/s00063-024-01243-8
https://doi.org/10.1007/s00063-024-01243-8
https://doi.org/10.3390/life13051198
https://doi.org/10.1097/CCM.0000000000002501
https://doi.org/10.1097/CCM.0000000000002501
https://doi.org/10.1186/s13054-014-0539-4


Page 17 of 18Meersch-Dini et al. Critical Care           (2026) 30:46 

acute renal failure - estimation of urea removal and evidence for the regional 
blood flow model. Nephrol Dial Transplant. 2008;23(7):2286–98.

107.	 Ratanarat R, Permpikul C, Ronco C. Renal replacement therapy in acute renal 
failure: which index is best for dialysis dose quantification? Int J Artif Organs. 
2007;30(3):235–43.

108.	 Brause M, Neumann A, Schumacher T, Grabensee B, Heering P. Effect of 
filtration volume of continuous venovenous hemofiltration in the treatment 
of patients with acute renal failure in intensive care units. Crit Care Med. 
2003;31(3):841–6.

109.	 Schiffl H, Lang SM, Fischer R. Daily hemodialysis and the outcome of acute 
renal failure. N Engl J Med. 2002;346(5):305–10.

110.	 Faulhaber-Walter R, Hafer C, Jahr N, Vahlbruch J, Hoy L, Haller H, et al. The 
Hannover dialysis outcome study: comparison of standard versus intensified 
extended dialysis for treatment of patients with acute kidney injury in the 
intensive care unit. Nephrol Dial Transplant. 2009;24(7):2179–86.

111.	 Van Wert R, Friedrich JO, Scales DC, Wald R, Adhikari NK. High-dose renal 
replacement therapy for acute kidney injury: systematic review and meta-
analysis. Crit Care Med. 2010;38(5):1360–9.

112.	 Wang Y, Gallagher M, Li Q, Lo S, Cass A, Finfer S, et al. Renal replacement ther-
apy intensity for acute kidney injury and recovery to dialysis independence: 
a systematic review and individual patient data meta-analysis. Nephrol Dial 
Transplant. 2018;33(6):1017–24.

113.	 Ronco C, Tetta C, Mariano F, Wratten ML, Bonello M, Bordoni V, et al. Interpret-
ing the mechanisms of continuous renal replacement therapy in sepsis: the 
peak concentration hypothesis. Artif Organs. 2003;27(9):792–801.

114.	 Honoré PM, Matson JR. Extracorporeal removal for sepsis:: acting at the tissue 
level -: the beginning of a new era for this treatment modality in septic shock. 
Crit Care Med. 2004;32(3):896–7.

115.	 Di Carlo JV, Alexander SR. Hemofiltration for cytokine-driven illnesses: the 
mediator delivery hypothesis. Int J Artif Organs. 2005;28(8):777–86.

116.	 Peng ZY, Singbartl K, Simon P, Rimmelé T, Bishop J, Clermont G, et al. Blood 
Purification in Sepsis: A New Paradigm. In: Cardiorenal Syndromes in Critical 
Care, vol. 165. 2010. p. 322–8.

117.	 Junhai Z, Beibei C, Jing Y, Li L. Effect of high-volume hemofiltration in 
critically ill patients: a systematic review and meta-analysis. Med Sci Monit. 
2019;25:3964–75.

118.	 Huang H, Zhou Q, Chen M-H. High-volume hemofiltration reduces short-
term mortality with no influence on the incidence of MODS, hospital stay, 
and hospitalization cost in patients with severe-acute pancreatitis: a meta-
analysis. Artif Organs. 2021;45(12):1456–65.

119.	 Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R, et al. A compari-
son of albumin and saline for fluid resuscitation in the intensive care unit. N 
Engl J Med. 2004;350(22):2247–56.

120.	 Gonçalves-Pereira J, Póvoa P. Antibiotics in critically ill patients: a systematic 
review of the pharmacokinetics of β-lactams. Crit Care. 2011. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​1​8​6​​/​c​​c​1​0​4​4​1.

121.	 Onichimowski D, Nosek K, Ziolkowski H, Jaroszewski J, Pawlos A, Czuczwar 
M. Adsorption of vancomycin, gentamycin, Ciprofloxacin and Tygecycline on 
the filters in continuous renal replacement therapy circuits: in full blood in 
vitro study. J Artif Organs. 2021;24(1):65–73.

122.	 Beumier M, Casu GS, Hites M, Seyler L, Cotton F, Vincent JL, et al. beta-lactam 
antibiotic concentrations during continuous renal replacement therapy. Crit 
Care. 2014;18(3):R105.

123.	 Seyler L, Cotton F, Taccone FS, De Backer D, Macours P, Vincent JL, et al. Rec-
ommended beta-lactam regimens are inadequate in septic patients treated 
with continuous renal replacement therapy. Crit Care. 2011;15(3):R137.

124.	 Dulhunty JM, Brett SJ, De Waele JJ, Rajbhandari D, Billot L, Cotta MO, 
et al. Continuous vs intermittent β-lactam antibiotic infusions in criti-
cally ill patients with sepsis the BLING III randomized clinical trial. JAMA. 
2024;332(8):629–37.

125.	 Abdul-Aziz MH, Hammond NE, Brett SJ, Cotta MO, De Waele JJ, Devaux A, 
et al. Prolonged vs intermittent infusions of β-lactam antibioticsin adults 
with sepsis or septic shock a systematic review and meta-analysis. JAMA. 
2024;332(8):638–48.

126.	 Hong LT, Downes KJ, FakhriRavari A, Abdul-Mutakabbir JC, Kuti JL, Jorgensen 
S, et al. International consensus recommendations for the use of prolonged-
infusion beta-lactam antibiotics: endorsed by the American college of 
clinical Pharmacy, British society for antimicrobial Chemotherapy, cystic 
fibrosis Foundation, European society of clinical microbiology and infec-
tious diseases, infectious diseases society of America, society of critical care 
Medicine, and society of infectious diseases pharmacists. Pharmacotherapy. 
2023;43(8):740–77.

127.	 Abdul-Aziz MH, Alffenaar JC, Bassetti M, Bracht H, Dimopoulos G, Marriott D, 
et al. Antimicrobial therapeutic drug monitoring in critically ill adult patients: 
a position paper(). Intensive Care Med. 2020;46(6):1127–53.

128.	 Derendorf H, Heinrichs T, Reimers T, Lebert C, Brinkmann A. Calculated initial 
parenteral treatment of bacterial infections: pharmacokinetics and pharma-
codynamics. GMS Infect Dis. 2020;8:Doc17.

129.	 Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et 
al. Surviving sepsis campaign: international guidelines for management of 
sepsis and septic shock 2021. Crit Care Med. 2021;49(11):e1063–143.

130.	 Dulhunty JM, Roberts JA, Davis JS, Webb SA, Bellomo R, Gomersall C, et al. A 
multicenter randomized trial of continuous versus intermittent beta-Lactam 
infusion in severe sepsis. Am J Respir Crit Care Med. 2015;192(11):1298–305.

131.	 Roberts JA, Joynt GM, Lee A, Choi G, Bellomo R, Kanji S, et al. The effect of 
renal replacement therapy and antibiotic dose on antibiotic concentrations 
in critically ill patients: data from the multinational sampling antibiotics in 
renal replacement therapy study. Clin Infect Dis. 2021;72(8):1369–78.

132.	 Jamal JA, Roberts DM, Udy AA, Mat-Nor MB, Mohamad-Nor FS, Wallis SC, et al. 
Pharmacokinetics of piperacillin in critically ill patients receiving continuous 
venovenous haemofiltration: a randomised controlled trial of continuous 
infusion versus intermittent bolus administration. Int J Antimicrob Agents. 
2015;46(1):39–44.

133.	 Jamal JA, Mat-Nor MB, Mohamad-Nor FS, Udy AA, Wallis SC, Lipman J, et al. 
Pharmacokinetics of meropenem in critically ill patients receiving continuous 
venovenous haemofiltration: a randomised controlled trial of continuous 
infusion versus intermittent bolus administration. Int J Antimicrob Agents. 
2015;45(1):41–5.

134.	 Langgartner J, Vasold A, Gluck T, Reng M, Kees F. Pharmacokinetics of 
meropenem during intermittent and continuous intravenous application 
in patients treated by continuous renal replacement therapy. Intensive Care 
Med. 2008;34(6):1091–6.

135.	 Philpott CD, Droege CA, Droege ME, Healy DP, Courter JD, Ernst NE, et al. 
Pharmacokinetics and pharmacodynamics of extended-infusion cefepime 
in critically ill patients receiving continuous renal replacement therapy: a 
prospective, open-label study. Pharmacotherapy. 2019;39(11):1066–76.

136.	 Richter DC, Frey O, Rohr A, Roberts JA, Koberer A, Fuchs T, et al. Therapeutic 
drug monitoring-guided continuous infusion of piperacillin/tazobactam 
significantly improves pharmacokinetic target attainment in critically ill 
patients: a retrospective analysis of four years of clinical experience. Infection. 
2019;47(6):1001–11.

137.	 Roberts JA, Ulldemolins M, Liu X, Baptista JP, Bilgrami I, Boidin C, et al. 
Meropenem and piperacillin/tazobactam optimised dosing regimens for 
critically ill patients receiving renal replacement therapy. Intensive Care Med. 
2025;51(9):1628–40.

138.	 Guilhaumou R, Benaboud S, Bennis Y, Dahyot-Fizelier C, Dailly E, Gandia P, et 
al. Optimization of the treatment with beta-lactam antibiotics in critically ill 
patients-guidelines from the French society of Pharmacology and therapeu-
tics (Societe Francaise de Pharmacologie et Therapeutique-SFPT) and the 
French society of anaesthesia and intensive care medicine (Societe Francaise 
d’anesthesie et Reanimation-SFAR). Crit Care. 2019;23(1):104.

139.	 Matusik E, Boidin C, Friggeri A, Richard JC, Bitker L, Roberts JA, et al. Therapeu-
tic drug monitoring of antibiotic drugs in patients receiving continuous renal 
replacement therapy or intermittent hemodialysis: a critical review. Ther Drug 
Monit. 2022;44(1):86–102.

140.	 Hagel S, Bach F, Brenner T, Bracht H, Brinkmann A, Annecke T, et al. Effect 
of therapeutic drug monitoring-based dose optimization of piperacillin/
tazobactam on sepsis-related organ dysfunction in patients with sepsis: a 
randomized controlled trial. Intensive Care Med. 2022;48(3):311–21.

141.	 Sanz-Codina M, Bozkir HO, Jorda A, Zeitlinger M. Individualized antimicrobial 
dose optimization: a systematic review and meta-analysis of randomized 
controlled trials. Clin Microbiol Infection: Official Publication Eur Soc Clin 
Microbiol Infect Dis. 2023;29(7):845–57.

142.	 Cantarovich F, Rangoonwala B, Lorenz H, Verho M, Esnault VL, High-Dose 
Flurosemide in Acute Renal Failure Study G. High-dose furosemide for estab-
lished ARF: a prospective, randomized, double-blind, placebo-controlled, 
multicenter trial. Am J Kidney Dis. 2004;44(3):402–9.

143.	 van der Voort PH, Boerma EC, Koopmans M, Zandberg M, de Ruiter J, Gerrit-
sen RT, et al. Furosemide does not improve renal recovery after hemofiltra-
tion for acute renal failure in critically ill patients: a double blind randomized 
controlled trial. Crit Care Med. 2009;37(2):533–8.

144.	 Katulka RJ, Al Saadon A, Sebastianski M, Featherstone R, Vandermeer B, Silver 
SA, et al. Determining the optimal time for liberation from renal replacement 

https://doi.org/10.1186/cc10441
https://doi.org/10.1186/cc10441


Page 18 of 18Meersch-Dini et al. Critical Care           (2026) 30:46 

therapy in critically ill patients: a systematic review and meta-analysis (DOnE 
RRT). Crit Care. 2020;24(1):50.

145.	 van der Voort PH, Boerma EC, Pickkers P. The furosemide stress test to 
predict renal function after continuous renal replacement therapy. Crit Care. 
2014;18(3):429.

146.	 Baeg SI, Jeon J, Yoo H, Na SJ, Kim K, Chung CR, et al. A scoring model with 
simple clinical parameters to predict successful discontinuation of continu-
ous renal replacement therapy. Blood Purif. 2021;50(6):779–89.

147.	 Itenov TS, Berthelsen RE, Jensen JU, Gerds TA, Pedersen LM, Strange D, 
et al. Predicting recovery from acute kidney injury in critically ill patients: 
development and validation of a prediction model. Crit Care Resusc. 
2018;20(1):54–60.

148.	 Wang L, Li J, Sun S, Du H, Chen P, Xu Y, et al. Predictors of successful discon-
tinuation from renal replacement therapy during AKI: a meta-analysis. Semin 
Dial. 2021;34(2):137–46.

149.	 Hansrivijit P, Yarlagadda K, Puthenpura MM, Ghahramani N, Thongprayoon 
C, Vaitla P, et al. A meta-analysis of clinical predictors for renal recovery and 
overall mortality in acute kidney injury requiring continuous renal replace-
ment therapy. J Crit Care. 2020;60:13–22.

150.	 Jeon J, Kim DH, Baeg SI, Lee EJ, Chung CR, Jeon K, et al. Association between 
diuretics and successful discontinuation of continuous renal replace-
ment therapy in critically ill patients with acute kidney injury. Crit Care. 
2018;22(1):255.

151.	 Yoshida T, Matsuura R, Komaru Y, Miyamoto Y, Yoshimoto K, Hamasaki Y, 
et al. Kinetic estimated glomerular filtration rate as a predictor of success-
ful continuous renal replacement therapy discontinuation. Nephrology. 
2019;24(3):287–93.

152.	 Raurich JM, Llompart-Pou JA, Novo MA, Talavera C, Ferreruela M, Ayestaran I. 
Successful weaning from continuous renal replacement therapy. Associated 
risk factors. J Crit Care. 2018;45:144–8.

153.	 Wu VC, Ko WJ, Chang HW, Chen YW, Lin YF, Shiao CC, et al. Risk factors of early 
redialysis after weaning from postoperative acute renal replacement therapy. 
Intensive Care Med. 2008;34(1):101–8.

154.	 Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, Tan I, et al. 
Discontinuation of continuous renal replacement therapy: a post hoc 
analysis of a prospective multicenter observational study. Crit Care Med. 
2009;37(9):2576–82.

155.	 Zhang Z, Xu X, Ni H, Jin N. Serum cystatin C is associated with renal function 
recovery in critically ill patients undergoing continuous renal replacement 
therapy. Nephron Clin Pract. 2012;122(3–4):86–92.

156.	 Yang T, Sun S, Zhao Y, Liu Q, Han M, Lin L, et al. Biomarkers upon discon-
tinuation of renal replacement therapy predict 60‐day survival and renal 
recovery in critically ill patients with acute kidney injury. Hemodial Int. 
2018;22(1):56–65.

157.	 Kim CS, Bae EH, Ma SK, Kim SW. A prospective observational study on the 
predictive value of serum cystatin C for successful weaning from continuous 
renal replacement therapy. Kidney Blood Press Res. 2018;43(3):872–81.

158.	 Chen X, Chen Z, Wei T, Li P, Zhang L, Fu P. The effect of serum neutrophil 
gelatinase-associated lipocalin on the discontinuation of continuous renal 
replacement therapy in critically ill patients with acute kidney injury. Blood 
Purif. 2019;48(1):10–7.

159.	 Thomsen J, Sprogoe U, Toft P. Urine neutrophil gelatinase-associated 
Lipocalin and urine output as predictors of the successful discontinuation 
of continuous renal replacement therapy in critically ill patients with acute 
kidney injury. BMC Nephrol. 2020;21(1):375.

160.	 Stads S, Kant KM, de Jong MFC, de Ruijter W, Cobbaert CM, Betjes MGH, et 
al. Predictors of 90-day restart of renal replacement therapy after discontinu-
ation of continuous renal replacement therapy, a prospective multicenter 
study. Blood Purif. 2019;48(3):243–52.

161.	 Ohara CN, Suarez MI, Kitawara KH, Zamoner W, Balbi AL, Ponce D. Factors 
predicting successful discontinuation of acute kidney replacement therapy: a 
retrospective cohort study. Artif Organs. 2023;47(1):187–97.

162.	 Volbeda M, Oord M, Koeze J et al. Criteria for Continuous Kidney Replace-
ment Therapy Cessationin ICU Patients. Blood Purif. 2002;52(1):1-9

163.	 Volbeda M, Oord M, Koeze J, Keus E, van der Horst ICC, Franssen CFM. Criteria 
for continuous kidney replacement therapy cessation in ICU patients. Blood 
Purif. 2023;52(1):32–40.

164.	 Dewitte A, Joannes-Boyau O, Sidobre C, Fleureau C, Bats ML, Derache P, et al. 
Kinetic eGFR and novel AKI biomarkers to predict renal recovery. Clin J Am 
Soc Nephrol. 2015;10(11):1900–10.

165.	 Gaiao SM, Gomes AA, Paiva JA. Prognostics factors for mortality and renal 
recovery in critically ill patients with acute kidney injury and renal replace-
ment therapy. Rev Bras Ter Intensiva. 2016;28(1):70–7.

166.	 Shawwa K, Kompotiatis P, Sakhuja A, McCarthy P, Kashani KB. Prolonged 
exposure to continuous renal replacement therapy in patients with acute 
kidney injury. J Nephrol. 2022;35(2):585–95.

167.	 Willam C, Abu-Tair M, Bayer M, Bellmann R, Brunkhorst F, Custodis F, et al. [S3 
guideline on renal replacement therapy in intensive care medicine: Evidence-
based implementation of renal replacement therapy in critically ill patients]. 
Med Klin Intensivmed Notfmed. 2025. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​0​7​​/​s​0​0​​0​6​3​-​​0​2​5​-​0​​1​
2​9​3​-​6.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/s00063-025-01293-6
https://doi.org/10.1007/s00063-025-01293-6

	﻿Multidisciplinary guidelines on renal replacement therapy in intensive care medicine
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Consensus guideline members
	﻿Guideline development

	﻿Results
	﻿Conclusions
	﻿References


