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The Korean Society of Critical Care Nephrology, in collaboration with the Korean Society of Nephrology, has published a Clinical Prac-
tice Guideline (CPG) for Continuous Kidney Replacement Therapy (CKRT). This guideline was developed with the goal of improving 
patient outcomes and reducing complications, based on the latest research related to the application and prescription of CKRT. The 
development of this guideline involved multidisciplinary participation from leading experts in nephrology and critical care medicine, 
with methodological support for the guideline development process. This CPG consists of recommendations addressing 17 key ques-
tions related to the initiation of CKRT, dose, modality, dialysate, ultrafiltration, anticoagulation, application in special situations, and 
multidisciplinary care. Each recommendation begins with a statement graded by the strength of the recommendation and the quality 
of the supporting evidence, followed by a rationale that supports the recommendation. We hope that this CPG will offer practical 
guidance in clinical settings and contribute to the improvement of patient outcomes.
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Introduction

Background of the development of clinical practice guide-
lines for continuous kidney replacement therapy

Continuous kidney replacement therapy (CKRT) is an es-

sential kidney replacement therapy (KRT) primarily used 

in critically ill patients with acute kidney injury (AKI) to 

support kidney function and maintain fluid and electrolyte 

balance [1]. In contrast to conventional intermittent hemo-

dialysis (IHD), which is typically performed three times a 

week for 4 hours per session, CKRT operates continuously 
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over 24 hours with a lower blood flow rate, which contrib-

utes to superior hemodynamic stability [2]. It also offers 

advantages in solute and fluid removal through convection 

and ultrafiltration, facilitating acid-base and electrolyte 

homeostasis, as well as fluid balance [3]. Owing to these 

benefits, the use of CKRT in patients with AKI has steadily 

increased [4,5].

With recent advancements in critical care and nephrol-

ogy, the clinical indications and therapeutic strategies 

for CKRT have become increasingly diverse. To optimize 

patient outcomes, particularly survival rates and prevent 

complications, clear evidence-based criteria for CKRT im-

plementation are urgently needed. While existing interna-

tional guidelines for AKI mention certain principles related 

to CKRT, they often lack comprehensive guidance on the 

full scope of their application. Moreover, in Korea, there are 

currently no standardized national guidelines addressing 

the critical aspects of CKRT, such as initiation timing, dose 

adjustment, anticoagulation selection, and termination 

criteria. Clinical practice varies considerably across hospi-

tals and specialties. Furthermore, the direct application of 

international guidelines to the Korean healthcare setting 

presents challenges owing to differences in resources and 

infrastructure. Therefore, there is an urgent need for evi-

dence-based guidelines tailored to the Korean clinical con-

text.

Patients requiring CKRT frequently present with complex 

clinical profiles and multiple coexisting risk factors that in-

fluence treatment responsiveness and outcomes. In clinical 

practice, CKRT is commonly initiated in the context of sep-

sis, multiorgan failure, postoperative clinical deterioration, 

or acute decompensated heart failure (ADHF), and treat-

ment decisions must account for these underlying condi-

tions. Additional factors that may significantly affect CKRT 

initiation, prescription intensity, and prognosis include 

baseline hemodynamic instability, septic shock, hepatic 

failure, extracorporeal membrane oxygenation (ECMO) 

support, and preexisting chronic kidney disease (CKD). 

Recognizing these variables is essential for interpreting the 

recommendations in this guideline and applying them ap-

propriately across diverse clinical settings.

Therefore, this clinical practice guideline was developed 

to provide standardized and practical recommendations 

for the appropriate application of CKRT. It is based on the 

latest scientific evidence and designed to reflect the reality 

of the Korean critical care environment and healthcare re-

sources.

Objectives of the clinical practice guideline

These clinical practice guidelines were developed by ex-

perts in CKRT using an evidence-based methodology. It is 

based on a comprehensive review of the current literature 

related to the initiation, prescription, and management of 

CKRT in AKI, as well as the prevention of complications, 

treatment in special populations and clinical settings, and 

consultation with other specialties. The guidelines were 

designed to be user-friendly and readily applicable to phy-

sicians and healthcare providers involved in the diagnosis 

and management of critically ill patients with AKI to facili-

tate safe and effective clinical decision-making. Additional-

ly, these guidelines aim to serve as an educational resource 

for trainees, including residents, fellows, and teaching 

faculty. It also sought to identify knowledge gaps and unre-

solved clinical questions that can guide future research.

The specific objectives of this guideline are as follows:

1) �To standardize clinical decision-making related to the 

indication, timing of initiation, dosing, and anticoagu-

lation strategies for CKRT based on the best available 

evidence.

2) �To reduce complications associated with CKRT, im-

prove patient outcomes in specific clinical conditions 

or populations, and enhance consistency in treatment 

practices. This ultimately aimed to improve the overall 

quality of care for critically ill patients in the Korean 

healthcare system.

3) �To provide a structured and accessible reference that 

may be used for healthcare policy development, as 

well as for the creation of educational materials and 

training programs in CKRT.

This guideline also aims to deliver measurable clinical 

benefits, including improving the standardization and qual-

ity of CKRT prescription and monitoring practices, reduc-

ing catheter- and anticoagulation-related complications, 

enhancing clinical outcomes in critically ill or high-risk 

subgroups, and supporting more efficient and rational use 

of limited medical resources. By promoting these improve-

ments, the guideline is expected to reduce variability in 

clinical practice among institutions, improve patient surviv-

al, decrease treatment-related complications, and support 
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renal recovery in patients with AKI requiring CKRT.

Methods

Target population

This guideline primarily applies to hospitalized adult pa-

tients with moderate to severe AKI, specifically those with 

Kidney Disease: Improving Global Outcomes (KDIGO) 

stage 2–3 AKI or rapidly progressive kidney dysfunction in 

whom CKRT is being considered. It also includes patients 

with life-threatening clinical conditions that warrant urgent 

evaluation for CKRT, such as severe electrolyte imbalance, 

refractory acid-base disturbance, hemodynamic instability, 

or clinically significant fluid overload. These criteria reflect 

the population most likely to benefit from standardized 

guidance on CKRT initiation, prescription, and manage-

ment in the Korean critical care setting.

This clinical practice guideline is intended for all health-

care professionals involved in CKRT in Korea, including 

physicians, nurses, and extracorporeal circulation special-

ists. It specifically addresses the indications for initiating 

and maintaining CKRT, prescribing practices, complication 

prevention, and clinical outcome improvement. It also pro-

vides guidance for special clinical situations, such as brain 

injury, liver failure, ECMO, and pediatric patients. How-

ever, these guidelines do not cover the diagnosis of AKI, 

criteria for discontinuing CKRT, or post-discontinuation 

follow-up.

Accordingly, the primary users of this guideline are the 

clinicians directly responsible for initiating and managing 

CKRT. Educational materials derived from these guide-

lines may also benefit other healthcare providers, medical 

students, and researchers, even if they are not directly 

involved in CKRT. Additionally, patient- and caregiver-ori-

ented educational resources (e.g., brochures, leaflets, 

videos) developed in conjunction with this guideline are 

intended to help patients who are currently receiving or 

have previously received CKRT for severe AKI, as well as 

their caregivers, to understand the goals and procedures of 

therapy and to support post-recovery health management.

Intended users and clinical setting

These clinical practice guidelines are primarily intended 

for healthcare professionals responsible for the care of 

hospitalized patients with severe AKI. These professionals 

included attending physicians, fellows, residents, interns, 

nurses, and extracorporeal circulation specialists. These 

guidelines provide evidence-based clinical directions to 

support optimal prescription and management of CKRT in 

critically ill patients. Although designed to assist treating 

physicians in delivering standardized, high-quality care, it 

also serves as a practical, detailed resource for clinical ed-

ucators who train and supervise multidisciplinary medical 

teams. During the development process, efforts were made 

to ensure that the recommendations were grounded in sci-

entific evidence, while also being applicable to the realities 

of clinical practice in Korea. These guidelines are specifi-

cally tailored for use in intensive care units (ICUs) within 

secondary and tertiary care hospitals where critically ill pa-

tients are managed. It aims to deliver concise and accurate 

information that enables medical professionals to provide 

evidence-based bedside CKRT.

Guideline development group

To ensure both clinical expertise and representation of 

multidisciplinary perspectives, this guideline was devel-

oped through the collaborative efforts of a broad group of 

experts involved in CKRT. The Acute Kidney Injury and 

Critical Care Nephrology Study Group of the Korean So-

ciety of Nephrology (Chair: Professor Sejoong Kim; Seoul 

National University Bundang Hospital) proposed the de-

velopment committee chair (Professor Jeonghwan Lee; 

SMG-SNU Boramae Medical Center, Seoul National Uni-

versity College of Medicine). The guideline development 

committee included members recommended by the study 

group and consisted of adult and pediatric nephrologists, 

as well as intensivists. A methodology expert and system-

atic review specialist were also included to ensure rigor in 

the development process. The working group comprised 

18 members from various regions and institutions across 

Korea, all of whom had substantial clinical experience in 

managing CKRT in critically ill adult and pediatric patients.

To strengthen methodological consistency, all members 

received multiple training sessions from methodology ex-

perts involved in the project. Additionally, some members 

participated in the Korean Academy of Medical Sciences 

workshops on guideline development held in May and Au-
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gust 2024.

The development group identified 17 key recommenda-

tions across 15 core clinical topics. Monthly meetings in-

volving all the committee members were held throughout 

the process. Key tasks, including topic selection, literature 

search, critical appraisal, meta-analysis, and determina-

tion of evidence certainty, were conducted through close 

collaboration among the working group members. Draft 

recommendations for each topic were reviewed through 

mutual peer checking, and the final recommendations 

were approved by consensus during plenary sessions in-

volving the entire committee.

At each critical development step, including key question 

formulation, evidence search and selection, evidence table 

preparation, quality assessment, draft writing, guidance, 

and final review, were provided by the methodology expert 

to ensure adherence to internationally accepted standards.

Patient perspectives and preferences

While most CKRT decisions are clinician-driven due to 

the acuity of illness and the need for timely intervention, 

the patient’s perspective remains an important compo-

nent of high-quality care. Key treatment decisions may be 

influenced by patient-specific factors, including age, so-

cioeconomic circumstances, disease severity, perceived in-

vasiveness of the procedure (e.g., catheter insertion or con-

tinuous treatment burden), the potential for complications, 

expected therapeutic benefit, and anticipated prognosis. 

Accordingly, patients and caregivers may hold differing 

values and preferences regarding the timing of initiation, 

treatment modality, or the continuation or discontinuation 

of CKRT.

These perspectives may vary across clinical situations 

and should be identified and respected whenever clinically 

feasible. Although shared decision-making is not always 

possible in critically ill and unstable patients, incorporat-

ing patient values into the decision process is encouraged 

when the clinical context allows. Shared decision-making 

is particularly relevant during discussions on treatment 

goals, transitions between modalities (e.g., CKRT to IHD), 

withholding or withdrawal of therapy, and expectations re-

garding post-discontinuation renal recovery.

By acknowledging and integrating patient perspectives 

into clinical care, this guideline aims to promote individu-

alized treatment strategies that align clinical judgment with 

patient goals and values, ultimately improving the accept-

ability and applicability of CKRT in routine practice.

Methodology of guideline development

These clinical practice guidelines were developed through 

a structured process that encompasses three major phases: 

planning and development, review, and dissemination. 

The key steps directly related to the formulation of recom-

mendations are organized into six components.

- �Formulation of key questions and selection of develop-

ment approach

- �Systematic literature search and selection

- �Grading the strength of recommendations and certainty 

of evidence

- Evidence synthesis and analysis

- �Grading the certainty of evidence and strength of recom-

mendations

- �Development of recommendations and consensus pro-

cess

Formulation of key questions and selection of development 
approach
The key clinical questions served as the foundation for the 

recommendations. These were identified through a com-

prehensive review of existing international and domestic 

guidelines, as well as an analysis of relevant clinical issues. 

After extensive discussions within the working group and 

full development committee, 15 core topics were selected: 

initiation timing, dosing, prescription modalities, compli-

cation management, special clinical situations, nutrition, 

and multidisciplinary consultation in CKRT. Each key 

question was formulated using the PICO (Population, In-

tervention, Comparator, and Outcome) framework and 

refined into clear, answerable questions. The finalized 

questions were presented at academic conferences to gath-

er feedback from stakeholders and clinical experts.

A de novo development approach was used as the prima-

ry method. While the existing international guidelines on 

AKI were reviewed for reference, they were not directly ad-

opted because of differences in healthcare systems. Where 

applicable, the selective adaptation or updating of existing 

recommendations was considered. All the final recom-

mendations were tailored to reflect the Korean healthcare 
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environment.

Systematic literature search and selection
Key questions were used to define the search terms, and 

systematic searches were performed across major data-

bases, including Ovid MEDLINE, Embase, the Cochrane 

Library, and KoreaMed (Supplementary Material 1. Search 

Terms and Supplementary Fig. 1. PRISMA Flow Diagram; 

available online). Additional manual searches were con-

ducted when necessary. The literature search was limited 

to studies published before December 2023. Methodology 

experts assisted in refining the search strategies to increase 

sensitivity by focusing primarily on the Population and In-

tervention components of the PICO. Detailed search strat-

egies are described in the “evidence search and selection” 

section of each recommendation.

To ensure transparency and methodological rigor, ran-

domized controlled trials (RCTs) that directly addressed 

each PICO question were prioritized for evidence synthe-

sis. In the absence of high-quality RCTs, prospective and 

retrospective observational studies were included. Studies 

were excluded if they were animal studies, non-English 

publications (with the exception of Korean literature), or 

conference abstracts without full-text availability. The tar-

get population consisted of adult patients with AKI requir-

ing KRT, including CKRT.

A structured summary of the inclusion and exclusion cri-

teria for each key question is provided in the Supplemen-

tary Fig. 1 (PRISMA Flow Diagram; available online), along 

with documentation of the study selection process and 

reasons for exclusion.

Evidence table and risk of bias assessment
All included studies were summarized in a standardized 

evidence table format (Supplementary Table 1. Evidence 

Summary Tables; available online). Newly identified stud-

ies were included to ensure completeness. The risk of bias 

was assessed using appropriate tools depending on the 

study design. For RCTs, the Cochrane Risk of Bias tool was 

used to evaluate seven domains (random sequence gener-

ation, allocation concealment, blinding, handling of miss-

ing data, and selective outcome reporting). The Risk of Bias 

for Nonrandomized Studies (RoBANS 2.0) tool was used for 

nonrandomized studies (Supplementary Fig. 2. Risk of Bias 

[RoB and RoBANS]; available online). Two reviewers inde-

pendently evaluated each study, and disagreements were 

resolved by consensus or by involving a third reviewer.

Evidence synthesis and analysis
The extracted data were categorized according to the 

study design. When quantitative synthesis was feasible, 

meta-analyses were performed using Review Manager 

(RevMan) version 5.4. A qualitative synthesis was per-

formed in cases where a meta-analysis was not possible. 

For heterogeneous data, random effects models were used, 

and subgroup analyses were conducted to explore the 

sources of heterogeneity. The data were extracted by one 

reviewer and verified for accuracy by another reviewer.

Grading the certainty of evidence and strength of 
recommendations
The certainty of evidence was assessed using the GRADE 

(Grading of Recommendations Assessment Development 

and Evaluation) methodology, categorizing it into four lev-

els: high, moderate, low, and very low (Table 1). RCTs were 

initially rated high, observational studies low, and descrip-

tive studies very low. Downgrading was performed when 

issues such as risk of bias, inconsistency, indirectness, im-

precision, or publication bias were identified. Conversely, 

upgrading was considered in observational studies when 

large effect sizes, dose-response gradients, or minimal in-

fluence of confounding factors were observed.

The recommendations were graded on four levels: 

strong, conditional, against, and inconclusive (Table 2). 

The strength of each recommendation was determined 

Table 1. Grading of Recommendations Assessment Development 
and Evaluation (GRADE) levels of evidence according to GRADE 
and their interpretation
Level of evidence Definition
High We are very confident that the true effect lies 

close to that of the estimated effect.
Moderate We are moderately confident in the effect es-

timate. 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 different 
from the estimate.

Very low We have very little confidence in the effect esti-
mate. The true effect is likely to be substantial-
ly different from the estimate.

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Material-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Table-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-2.pdf
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based on multiple factors, including certainty of evidence, 

balance between benefits and harms, clinical applicability, 

resource and cost considerations, and patient values and 

preferences (Supplementary Table 2. GRADE Summary of 

Findings; available online). When high-quality evidence 

was lacking, an expert consensus was issued.

Development of recommendations and consensus process
The working group led the drafting of recommendation 

statements by carefully considering potential barriers and 

facilitators to clinical implementation as well as practical 

strategies to enhance the applicability of each recommen-

dation. The initial drafts were reviewed and revised based 

on written feedback and telephone or other online consul-

tations with external clinical experts.

Final recommendations and their corresponding grades 

were confirmed through an informal consensus process 

during plenary meetings attended by all committee mem-

bers. Rather than formal voting procedures, decisions 

were made through in-depth discussions and agreements 

among participants to ensure collective ownership and 

transparency.

Following committee-wide agreement, the recommenda-

tions were submitted for final approval by the steering com-

mittee. The final guidelines comprised 17 recommendation 

statements across 15 core clinical topics. The final wording 

and grading of each recommendation were determined and 

refined by the working group in accordance with the devel-

opment methodology and consensus outcomes.

External review
To ensure external validation and expert consultation prior 

to publication, an External Advisory Committee consist-

ing of 19 members was formed independently from the 

development committee (Supplementary Material 2. Ex-

ternal Reviewers & Affiliations; available online). Based on 

recommendations from relevant professional societies—

including the Korean Society of Nephrology, the Korean 

Society of Pediatric Nephrology, the Korean Society of Crit-

ical Care Medicine, and the Korean Society for Clinical Nu-

trition—this committee was composed of clinicians who 

represent the primary end-users of the guideline as well as 

methodological experts. Although the advisory members 

did not participate directly in drafting the recommenda-

tions, they served as external reviewers during the consen-

sus process and evaluated the proposed recommendations.

The advisory committee encompassed experts across a 

wide spectrum of specialties relevant to the scope of the 

guideline, including respiratory medicine, cardiology, 

nephrology, critical care medicine, trauma surgery, liver 

transplantation surgery, neurosurgery, neurology, pedi-

atrics, and nutritional science. In addition to committee 

formation, formal consultation requests were submitted to 

external academic societies associated with CKRT clinical 

practice and guideline development. Societies that provid-

ed written feedback included: the Korean Society for Clin-

ical Nutrition, the Korean Society of Pediatric Nephrology, 

the Korean Neurosurgical Society, the Korean Society of 

Heart Failure, the Korean Association of Critical Care Nurs-

es, the Korean Society for Parenteral and Enteral Nutrition, 

the Korean Liver Transplantation Society, and the Korean 

Burn Society.

External review was conducted through an expert survey 

Table 2. Strengths of recommendations according to GRADE and 
their interpretation

Symbol Strength of 
recommendation Definition

A Strong 
recommendation

The intervention is strongly recom-
mended in most clinical situations, 
considering the balance of benefits 
and harms, quality of evidence, 
patient values and preferences, and 
resource implications.

B Conditional 
recommendation

The use of the intervention may vary 
depending on the clinical context 
or patient/social values. Clinicians 
may consider using it or applying it 
selectively.

C Against 
recommendation

The harms of the intervention are 
likely to outweigh the benefits in 
most cases. However, clinical judg-
ment should be applied considering 
specific patient contexts.

I Inconclusive The available evidence is of very low 
certainty or severely limited, making 
it inappropriate to issue a recom-
mendation either for or against the 
intervention. Clinical judgment is 
required.

Expert consensus Although high-quality evidence is 
lacking, expert consensus supports 
the use of the intervention based 
on anticipated benefits, clinical 
experience, values, and resource 
considerations.

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Table-2.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Material-2.pdf
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assessing agreement with each recommendation according 

to the corresponding key question. The survey instrument, 

distributed to advisory committee members (including one 

methodology expert), included the draft recommendation 

text, strength of recommendation, certainty of evidence 

rating, and key question, enabling comprehensive eval-

uation. Responses were graded on a 5-point Likert scale 

ranging from 1 (“strongly disagree”) to 5 (“strongly agree”). 

The survey evaluated the perceived necessity and validity 

of the guideline, methodological rigor, appropriateness of 

each recommendation, anticipated applicability in clinical 

practice, and modification requests for individual recom-

mendations. Supporting documentation, including step-

wise development records and methodological protocols, 

was also provided.

The guideline draft was circulated in advance via email 

to advisory committee members and relevant academic 

societies. Feedback was reviewed through iterative discus-

sions involving the steering committee, advisory mem-

bers, society-nominated experts, interested clinicians, and 

methodological specialists. These meetings focused on 

integrating stakeholder perspectives, interpreting external 

review results, and addressing real-world implementation 

challenges. Additional feedback and clarifications were 

continuously obtained from working group members and 

society representatives through follow-up emails and tele-

phone communication. All comments were reviewed, and 

revisions were made with explicit documentation of de-

cisions on whether comments were incorporated and the 

rationale for each decision.

Update and dissemination plan
This evidence-based clinical practice guideline for CKRT 

was developed for healthcare professionals involved in the 

management of critically ill patients with AKI, including 

physicians, nurses, and extracorporeal circulation special-

ists. It addresses key clinical questions arising in real-world 

practice and provides recommendations based on the best 

available evidence. Key questions were identified through 

input from patients, caregivers, frontline clinicians, and 

clinical experts to ensure practical relevance. To reflect the 

evolving clinical landscape, the guideline will be revised 

every 5–10 years, with earlier updates considered if signifi-

cant new evidence emerges that may affect patient safety or 

major recommendations. Although current recommenda-

tions are largely supported by international research, future 

revisions will aim to incorporate domestic clinical data to 

better reflect the Korean healthcare environment through 

collaboration with researchers and relevant academic soci-

eties. This guideline is also intended to function as an edu-

cational resource for clinicians with limited experience in 

CKRT, and patient-friendly materials will be developed to 

support shared decision-making and patient participation 

in treatment planning.

Evaluation of guideline implementation
Clinical evidence translated into guideline recommenda-

tions can improve the quality of care, support clinical deci-

sion-making, and provide a foundation for future research. 

However, successful implementation requires overcoming 

practical barriers across diverse clinical settings. Therefore, 

it is essential to assess how effectively the recommenda-

tions are applied in real-world practice and whether they 

lead to improvements in patient outcomes, reduction of 

complications, and more efficient use of healthcare re-

sources.

To facilitate and evaluate implementation, we plan to 

promote the use of the guideline through educational ma-

terials, integration into clinical decision support systems, 

and collaboration with relevant academic societies. In 

addition, we plan to monitor utilization and compliance 

through follow-up surveys and analysis of nationwide reg-

istry data led by the Korean Society of Nephrology. If im-

proved clinical outcomes, cost-effectiveness, and resource 

efficiency are demonstrated, these findings may support 

policy development and contribute to sustainable im-

provements in CKRT practice and healthcare systems for 

critically ill patients with AKI.
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Results

Summary of recommendations

Topic Recommendations Recommendation strength Quality of 
evidence

Initiation The decision for early initiation should be individualized based on the  
clinical situation, considering the risk for bleeding, catheter-related  
infection, and electrolyte imbalance.

B (Conditional recommendation) High

Dose We do not recommend high-dose (>40 mL/kg/hr) therapy for patients  
receiving continuous kidney replacement therapy (CKRT) for acute  
kidney injury (AKI).

C (Against recommendation) Moderate

Modality In patients with AKI, CKRT can be considered a primary modality of renal 
replacement therapy along with intermittent hemodialysis, and its 
selective application may be considered in patients with high severity or 
hemodynamic instability, such as hypotension or arrhythmia.

B (Conditional recommendation) Moderate

Dialysate The use of phosphate-containing dialysate may be considered to prevent 
hypophosphatemia in patients on CKRT.

B (Conditional recommendation) Very low

Ultrafiltration Non-intensified net ultrafiltration rate to achieve net negative fluid balance 
may be utilized to avoid positive cumulative fluid balance in critically ill 
patients with volume overload during the early period after the CKRT  
initiation. We suggest using an individualized net ultrafiltration rate 
based on patients’ volume status and ability to tolerate fluid removal.

Expert consensus

Ultrafiltration therapy should be carefully considered in selected patients 
with acute decompensated heart failure who exhibit diuretic resistance.

I (Inconclusive) Moderate

Diuretics In adult patients undergoing CKRT for AKI, the use of diuretics may be 
considered at the time of CKRT discontinuation to facilitate urine output 
recovery.

B (Conditional recommendation) Low

Anticoagulation In CKRT patients with a high risk of bleeding who are not receiving  
systemic anticoagulation and for whom regional citrate anticoagulation 
is not feasible, anticoagulation with nafamostat mesylate may be  
considered.

B (Conditional recommendation) Moderate

Catheter In patients undergoing CKRT, ultrasound-guided hemodialysis catheter 
insertion is recommended.

A (Strong recommendation) High

Nutrition In adult patients with AKI receiving CKRT, it is recommended to provide 
20–35 kcal/kg/day of energy (with a minimum of 12 kcal/kg/day), 
1.2–2.5 g/kg/day of protein (with a minimum of 0.5 g/kg/day), and to 
monitor and supplement multivitamins and trace elements (including 
selenium, zinc, and copper) as needed.

B (Conditional recommendation) Low

Liver  
transplantation

The application of CKRT during surgery in patients with AKI before liver 
transplantation should be individualized based on the patient’s severity 
and fluid status.

Expert consensus

Brain injury In acute brain injury patients who develop AKI requiring renal replacement 
therapy, CKRT may be prioritized based on the patient’s clinical  
condition and circumstances.

Expert consensus

Extracorporeal 
membrane 
oxygenation 
(ECMO)

We cannot decide whether or not CKRT should be used in patients on 
ECMO who have not developed AKI due to the very low level of evidence.

I (Inconclusive) Very low

The decision to initiate CKRT early (concurrently) in patients undergoing 
ECMO treatment is deferred.

I (Inconclusive) Very low

Pediatric patients Early initiation of CKRT is recommended for pediatric patients with fluid 
overload due to AKI.

Expert consensus

Nephrology  
consultation

In adult patients (≥18 years of age) on CKRT, referral to a nephrologist is 
recommended to improve prognosis.

Expert consensus

Multidisciplinary 
approach

To improve filter lifespan and to reduce downtime in critically ill patients 
requiring CKRT, a specialized or multidisciplinary team approach tailored 
to the situation of institutions can be suggested.

Expert consensus
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General overview: development of evidence-based clinical 
practice guidelines for continuous kidney replacement 
therapy

This guideline first addresses the initiation and initial pre-

scription of CKRT. The optimal timing for initiating CKRT 

in the context of the onset or worsening of AKI, or other 

conditions necessitating renal replacement therapy (RRT), 

is a critical clinical question. Although the timing of CKRT 

initiation is a significant factor influencing the prognosis of 

patients with AKI, a clear consensus has not yet been es-

tablished. Historically, CKRT was typically commenced in 

the presence of overt uremic symptoms, severe electrolyte 

imbalances, or significant fluid overload. More recently, 

some have proposed that earlier initiation may improve 

patient survival. However, other studies have questioned 

the efficacy of early initiation, suggesting potential risks. In 

clinical practice within Korea, there is considerable vari-

ability in the timing of CKRT initiation, often depending on 

the institution and the experience and preference of the at-

tending medical staff. Against this background, the timing 

of CKRT initiation is examined in Key Question 1.

Once CKRT is initiated, the first parameter to be deter-

mined for prescription and application is the effluent dose. 

The determination of the CKRT dose is a crucial element 

directly linked to patient survival, yet the debate over the 

appropriate dosage is ongoing. While it was once anticipat-

ed that a higher dose would be advantageous for uremic 

solute clearance and thereby improve patient outcomes, 

concerns have been raised regarding its lack of significant 

prognostic benefit and its potential to increase the risk of 

complications such as electrolyte disturbances and hypo-

phosphatemia. Since the publication of the 2012 KDIGO 

clinical practice guideline for AKI, a standard dose of 20–25 

mL/kg/hr has been widely accepted. Nevertheless, many 

institutions apply a higher initial dose for the aggressive 

correction of metabolic acidosis and electrolyte abnormal-

ities in critically ill patients with AKI. Furthermore, some 

researchers are investigating the potential of even lower 

doses. This context forms the basis for the examination of 

appropriate CKRT dosage in Key Question 2.

The choice of RRT modality for critically ill patients with 

AKI is a pivotal decision that can influence prognosis. 

While CKRT has traditionally been favored for hemody-

namically unstable patients, several recent meta-analyses 

and studies have reported that it shows no clear superiority 

over IHD in terms of reducing mortality or improving re-

nal recovery. In actual clinical practice, this choice is often 

dictated by the patient’s clinical status, the availability of 

equipment and facilities at the institution, and provider 

preference. Moreover, the emergence of hybrid therapies 

such as Sustained Low-Efficiency Daily Dialysis (SLED), 

which combines the advantages of both modalities, has 

introduced a new paradigm. This prompts a comprehen-

sive consideration of the appropriate RRT modality based 

on the individual patient’s condition, the availability of 

resources like personnel and equipment, and cost-effec-

tiveness. The issue of RRT modality selection for critically 

ill patients with AKI is addressed in Key Question 3.

The dialysate and replacement fluid are critical com-

ponents of CKRT prescription, facilitating waste removal 

through diffusion down a concentration gradient and, 

when used as a replacement solution, enabling the remov-

al of larger solutes through convection. The choice of these 

solutions at the start of RRT in critically ill AKI patients can 

play a decisive role in treatment efficacy and patient safe-

ty. Conventional solutions, which are traditionally free of 

potassium and phosphate, have been identified as a cause 

of severe electrolyte imbalances during therapy, such as 

hypokalemia and hypophosphatemia. This risk is particu-

larly pronounced in patients undergoing long-term CKRT, 

and the need for separate electrolyte supplementation 

can increase the risk of infection and add to the clinical 

workload. Consequently, there is a growing trend towards 

using commercially available, balanced solutions contain-

ing potassium and phosphate from the outset of therapy, 

sparking interest in whether this approach can prevent 

unnecessary electrolyte disturbances, enhance metabolic 

stability, and ultimately improve patient outcomes. The use 

of phosphate-containing solutions compared to standard 

solutions is reviewed in Key Question 4.

There has been a growing interest in maintaining appro-

priate fluid balance in patients. While some cases of AKI, 

such as prerenal AKI, may involve volume depletion, many 

patients present in a hypervolemic state with pulmonary 

and systemic edema. In such instances, an ultrafiltration 

goal is set to remove excess fluid during CKRT. Currently, 

this target is typically determined based on the clinical 

experience and personal knowledge of the physician. The 

appropriate rate of ultrafiltration during CKRT is discussed 
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in Key Question 5. Furthermore, maintaining proper fluid 

balance is even more critical in heart failure patients with 

concomitant hypervolemia; the application of ultrafiltra-

tion in this specific population is examined in Key Ques-
tion 6. Recently, diuretics have been increasingly used in 

patients on CKRT to maintain fluid balance and to assess 

the possibility of discontinuing the therapy. The benefits 

and applicability of diuretic use in patients undergoing 

CKRT are reviewed in Key Question 7.

Anticoagulation and vascular access are essential for the 

application and maintenance of CKRT. As blood circulates 

through the extracorporeal circuit, clotting is inevitable, 

which can impede adequate blood flow. Therefore, ap-

propriate anticoagulation is mandatory. While regional 

citrate anticoagulation is common internationally, heparin 

remains widely used in Korea, with recent interest in nafa-

mostat. The appropriate anticoagulation therapy for CKRT 

in the Korean context is addressed in Key Question 8. Most 

patients starting CKRT do not have preexisting dialysis ac-

cess, necessitating the insertion of a hemodialysis catheter. 

Complications such as bleeding, infection, and pneumo-

thorax can occur during catheter insertion, all of which are 

serious issues that can worsen patient prognosis. The utility 

of ultrasound guidance for hemodialysis catheter insertion 

is discussed in Key Question 9. The majority of patients 

on CKRT are critically ill, and their risk of malnutrition is 

heightened by their primary disease and prolonged treat-

ment. This nutritional imbalance can be further exacerbat-

ed by electrolyte and protein losses inherent to the CKRT 

process itself. Accordingly, numerous researchers have 

studied optimal nutritional therapy for patients on CKRT, 

and a review of this literature and existing guidelines is pre-

sented in Key Question 10.

Patients undergoing CKRT often have various comor-

bidities and are in unique clinical situations. CKRT may be 

applied before or after liver transplantation for hepatorenal 

syndrome (HRS) or other concomitant renal failures, a top-

ic discussed in Key Question 11. Patients with acute brain 

injury from various causes may also develop AKI requiring 

RRT; the selection and application of the appropriate RRT 

in this context are covered in Key Question 12. The use of 

ECMO for cardiopulmonary support is increasing. Patients 

on ECMO are at a relatively high risk for developing or pro-

gressing to AKI due to preexisting or impending multiorgan 

failure. The decision to apply CKRT and its timing in these 

patients are addressed in Key Question 13 and Key Ques-
tion 14, respectively. Additionally, a significant number of 

pediatric patients with AKI are considered for CKRT, and 

the appropriate timing for this is reviewed in Key Question 
15.

The care of critically ill patients on CKRT often involves 

multiple specialties, and a multidisciplinary approach can 

be beneficial. In practice, the initiation and management of 

CKRT are not always handled exclusively by nephrologists; 

depending on the hospital’s structure, various specialists 

directly treating the critically ill patient often undertake this 

role. After initiating therapy, decisions regarding the dis-

continuation of CKRT, transition to other RRT modalities, 

and the subsequent recovery and maintenance of kidney 

function are all critical issues for both patients and their 

families. The role of nephrology consultation for patients 

who have started CKRT is examined in Key Question 16. 

Finally, the utility of a multidisciplinary team approach for 

improving patient outcomes and operational efficiency is 

reviewed in Key Question 17.

Recommendation statements

Key Question 1

(P) In adult patients with AKI receiving KRT, does (I) early 

initiation of KRT improve (O) outcomes compared to (C) 

delayed initiation?

Recommendation
The decision for early initiation should be individualized 

based on the clinical situation, considering the risk for 

bleeding, catheter-related infection, and electrolyte imbal-

ance.

Summary of recommendation statements
1. �There is no difference in 28-day and 90-day mortality 

between early initiation of KRT and delayed initiation in 

adult patients admitted to the ICU with AKI.

2. �There is no difference in KRT dependence among survi-

vors at day 28 and day 90 between early initiation of KRT 

and delayed initiation in adult patients admitted to the 

ICU with AKI.

3. �In adult patients admitted to the ICU with AKI, early ini-

tiation of KRT is associated with shorter durations of ICU 
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stay and hospital stay compared to delayed initiation.

4. �In adult patients admitted to the ICU with AKI, there is 

no difference in the risk of bleeding, hypokalemia, hy-

perkalemia, and arrhythmia. However, early initiation of 

KRT is associated with an increased risk of catheter-re-

lated bloodstream infection and hypophosphatemia.

Evidence level: High
Strength of recommendation: B (Conditional recommen- 
dation)

Rationale
AKI is a frequent complication among critically ill pa-

tients and is associated with increased mortality, coronary 

events, congestive heart failure, and subsequent CKD [6]. 

In life-threatening complications such as fluid overload, 

hyperkalemia, and metabolic acidosis, KRT needs to be 

initiated promptly. Early initiation of KRT has the advan-

tage of managing fluid overload, electrolyte disturbance, 

and acid-base disorder, whereas delayed KRT allows time 

for potential spontaneous recovery. However, the optimal 

timing of KRT in critically ill patients with definite indica-

tions remains debated and unresolved, because each study 

evaluating optimal timing of KRT has different design set-

tings, participants, inclusion criteria, and initiation time. 

Previous guidelines recommended that KRT should be 

started immediately in life-threatening conditions; howev-

er, for other situations, the timing of starting KRT was not 

clear [7–11]. Thus, this guideline aims to assess whether 

early initiation of KRT has an effect on improving prognosis 

compared to delayed KRT in adult patients with AKI.

In this guideline, we performed a meta-analysis on 11 

RCTs excluding observational studies [12–22]. Since cli-

nicians tend to delay KRT in patients admitted to ICU, we 

tried to include patients admitted to ICU. Out of these 11 

RCTs, two studies did not have ICU admission for inclusion 

criteria, however, excluding these two RCTs did not influ-

ence our results and we finally included these RCTs as well 

[19,22].

Our meta-analysis indicated that there were no significant 

differences in 28-day and 90-day mortality, KRT depen-

dence among survivors at day 28 and day 90, and ventilator 

free days at day 28 between the early KRT group and the 

delayed KRT group (Supplementary Fig. 3. KQ1 A, B, D3; 

available online). However, the early KRT group was asso-

ciated with shorter ICU stays (mean difference [MD], –1.14; 

95% CI, –1.93 to –0.35; p = 0.005) and shorter hospital stays 

(MD, –2.73; 95% CI, –4.72 to –0.75; p = 0.007) compared to 

the delayed KRT group (Fig. 1). By contrast, the delayed 

KRT group had a shorter duration of KRT (MD, 1.84; 95% 

CI, 0.22–3.47; p = 0.03) and fewer vasoactive agent-free days 

(MD, 1.03; 95% CI, 0.05–2.01, p = 0.04). Regarding compli-

cations, the delayed KRT group experienced fewer cathe-

ter-related bloodstream infections (risk ratio [RR], 2.00; 95% 

CI, 1.21–3.29; p = 0.006) and hypophosphatemia (RR, 1.56; 

95% CI, 1.03–2.36; p = 0.04). There were no differences in 

hypotension, hypokalemia, hyperkalemia, arrhythmia, hy-

pocalcemia, and bleeding between the two groups.

However, caution is needed when interpreting our re-

sults, as each RCT has a different research design. Besides 

the ICU admission which we mentioned previously, defi-

nition of AKI, requirement of inotropics or ventilator, the 

initiation criteria or initiation time for KRT, and included 

specific populations (e.g., sepsis, postoperation, and heart 

failure) were other important issues.

Since patient characteristics and the definitions of early 

vs. delayed initiation vary substantially across trials, careful 

interpretation is required. The specifics of each are detailed 

in the evidence table. Our results did not imply that early 

initiation of KRT should not be done, rather overly delayed 

initiation, as seen in the AKIKI 2 trial, may lead to worsened 

mortality [16]. Therefore, it is crucial to perform KRT at an 

appropriate time. Further well-designed large RCTs are 

warranted to establish the optimal timing for initiating KRT.

Considerations
1) Benefits and harms
Based on prior research, the timing of KRT initiation does 

not appear to influence major clinical outcomes, such as 

mortality. Nonetheless, the optimal timing for initiation 

may vary depending on the patient’s specific conditions; 

early initiation is preferable in some cases, while in other 

instances, a delayed start may be more beneficial. It is es-

sential to begin KRT at an appropriate time, tailored to the 

clinical circumstances of the patient, taking into account 

the guidelines provided in our recommendations.

2) Patients’ values and preferences
From the patient’s perspective, there is no preference for 

a specific timing between early initiation and delayed ini-

tiation. Since the decision regarding when to begin KRT is 

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
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typically made by attending physicians, discussing patient 

values and preferences in this guideline holds little signifi-

cance.

3) Obstacles and solutions
There are no specific obstacles anticipated in applying this 

recommendation to clinical practice. However, the timing 

of applying KRT may vary depending on the opinions of 

each medical staff member.

4) Resources
KRT can be performed in all Korean tertiary hospitals. 

However, there has been no analysis of cost-effectiveness 

related to KRT timing.

Key Question 2

(P) In patients with AKI starting CKRT, does (I) high-dose 

therapy (>40 mL/kg/hr) improve (O) outcomes such as 

survival rate, length of stay, and renal outcomes compared 

to (C) conventional-dose therapy (20–25 mL/kg/hr)?

Recommendation
We do not recommend high dose (>40 mL/kg/hr) therapy 

for patients receiving CKRT for AKI.

Summary of recommendation statements
1. �In patients receiving CKRT for AKI, there is no difference 

in mortality (28-day mortality, 90-day mortality, and 

in-hospital mortality) between high-dose therapy and 

conventional-dose therapy.

2. �In patients undergoing CKRT for AKI, high-dose therapy 

has no difference in renal prognosis compared to con-

ventional-dose therapy.

3. �In patients undergoing CKRT for AKI, high-dose therapy 

has been shown to prolong the ICU stay and total hospital-

ization period compared to conventional-dose therapy.

Figure 1. Effect of early vs. delayed initiation of KRT on length of ICU stay and total hospital stay in adults with acute kidney in-
jury (Key Question 1). Forest plots showing the mean differences in (1) ICU length of stay and (2) total hospital length of stay between 
early and delayed initiation of KRT in adult patients with acute kidney injury. Data were synthesized using a fixed-effects model. Early 
initiation of KRT was associated with a shorter ICU stay (mean difference, –1.14 days; 95% CI, –1.93 to –0.35; p = 0.005) and a 
shorter total hospital stay (mean difference, –2.73 days; 95% CI, −4.72 to –0.75; p = 0.007) compared to delayed initiation.
CI, confidence interval; df, degree or freedom; ICU, intensive care unit; IV, inverse variance; KRT, kidney replacement therapy; SD, stan-
dard deviation.
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Evidence level: Moderate

Strength of recommendation: C (Against recommendation)

Rationale
Determining the appropriate CKRT dose for AKI is essen-

tial to ensure effective removal of uremic toxins and correc-

tion of electrolyte imbalances and metabolic acidosis. Dose 

is defined as the total effluent volume (mL/kg/hr) removed 

from the patient per hour. According to the 2012 KDIGO 

guidelines, the recommended effluent volume falls within 

the range of 20–25 mL/kg/hr, as established by the results 

of two randomized trials. This recommendation assigns a 

grade of 1A [23,24].

Nevertheless, studies have indicated that patients may 

experience improved prognosis through the effective re-

moval of inflammatory cytokines when undergoing CKRT 

with a higher dose [25–27]. In this practice guideline, we 

aim to investigate whether commencing therapy with a 

higher dose (>40 mL/kg/hr) for patients undergoing CKRT 

for AKI yields benefits in terms of survival, length of hos-

pital stay, and kidney outcome compared to cases starting 

with the conventional dose (20–25 mL/kg/hr). To explore 

this, we have reviewed four randomized clinical trials pub-

lished after the 2012 practice guidelines.

Following a meta-analysis of four prospective random-

ized clinical trials conducted in patients with septic shock, 

it was observed that CKRT administered at a high dose did 

not yield a statistically significant improvement in 28-day 

mortality compared to conventional dose (odds ratio [OR], 

0.96; 95% CI, 0.68–1.37; p = 0.84) [28–30] (Supplementary 

Fig. 3. KQ2 A; available online). Likewise, there was no sig-

nificant difference in the 90-day mortality (OR, 1.03; 95% CI, 

0.74–1.43; p = 0.87) [28,29,31]. Furthermore, no substantial 

variance was observed in whether maintenance dialysis 

was required due to the progression of end-stage renal 

failure either 90 days after CKRT or at the time of discharge 

(OR, 0.92; 95% CI, 0.50–1.69; p = 0.80) [28–31]. However, it 

is worth noting that in the high-dose group, both the dura-

tion of stay in the ICU and the overall hospitalization period 

were significantly prolonged (MD for ICU stay, 4.8 [95% CI, 

1.36–8.23; p = 0.006]; MD for hospital stay, 11.58 [95% CI, 

3.21–19.95; p = 0.007]) (Fig. 2) [28,29]. Regarding inflamma-

tory cytokines, one study detected a noteworthy decrease 

in interleukin (IL)-6, IL-8, IL-1β, and IL-10 levels in the high 

Figure 2. Length of hospital stay and ICU stay comparing high-dose vs. conventional-dose CKRT in adults with acute kidney in-
jury (Key Question 2). Forest plots demonstrating the mean differences in (1) total hospital stay and (2) ICU stay between high-dose 
(>40 mL/kg/hr) and conventional-dose (20–25 mL/kg/hr) CKRT in adult patients with acute kidney injury. Data were pooled using a 
fixed-effect model. High-dose therapy was associated with a longer duration of hospitalization (mean difference, +11.58 days; 95% CI, 
3.21–19.95; p = 0.007) and a longer ICU stay (mean difference, +4.80 days; 95% CI, 1.36–8.23; p = 0.006) when compared to con-
ventional-dose CKRT.
CI, confidence interval; CKRT, continuous kidney replacement therapy; df, degree or freedom; ICU, intensive care unit; IV, inverse vari-
ance; SD, standard deviation.

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
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dialysis dose group [29], while another study showed no 

significant differences in IL-6, IL-8, IL-10, IL-12, tumor ne-

crosis factor alpha, and interferon gamma levels [30].

However, when applying pre-dilution, it is important to 

consider an increase in the prescribed dose. Several stud-

ies have highlighted instances where the actual delivered 

dialysis dose often falls below the prescribed dose due to 

factors such as discontinuation of CKRT, prior dilution, or 

reduced membrane permeability during treatment [32,33]. 

Therefore, in clinical practice, aiming for a dose of 20–25 

mL/kg/hr, it is typically advisable to prescribe a dialysis 

dose ranging from 25 to 30 mL/kg/hr. Simultaneously, ef-

forts should be made to minimize disruptions in CKRT.

In addition, in clinical situations where metabolic acido-

sis, hyperkalemia, or other conditions are not corrected de-

spite CKRT at the conventional dose, a temporary increase 

in dialysis dose may be considered with a return to the 

conventional dose once the underlying cause necessitating 

the higher dose has been resolved.

Considerations

1) Benefits and harms
There are reports suggesting that temporarily administer-

ing high dose can be beneficial for patients with CKRT ex-

periencing acute septic shock with uncorrected metabolic 

acidosis and a hypercatabolic state [34]. However, several 

large-scale RCTs have consistently reported that high-in-

tensity KRT is associated with a significantly increased inci-

dence of electrolyte disturbances, such as hypokalemia and 

hypophosphatemia [23,24]. In the study by Park et al. [29] 

reviewed in this guideline, although statistical significance 

was not reached due to an aggressive electrolyte replace-

ment protocol, a trend toward a higher incidence of hypo-

phosphatemia was observed in the high-dose group (23.3% 

vs. 15.1%). Similarly, Joannes-Boyau et al. [31] reported a 

significant increase in the frequency of hypophosphatemia 

events (88% vs. 38%, p < 0.01) and an increased incidence 

of hypokalemia (30% vs. 20%) in the high-volume group. 

Furthermore, reports indicate that high-dose therapy sig-

nificantly affects the clearance of drugs, including antibi-

otics, thereby adversely affecting patient prognosis [35,36]. 

Therefore, when treating patients with severe septic shock, 

the dose of CKRT should be carefully adjusted, considering 

these risks.

2) Patients’ values and preferences
Patients generally do not have specific values or preferenc-

es regarding the decision on dialysis dose when performing 

CKRT, and treatment selection is generally made based on 

the medical judgment of the medical staff.

3) Obstacles and solutions
There are no anticipated obstacles foreseen in the imple-

mentation of this recommendation in clinical practice.

4) Resources
CKRT is available without restrictions in the domestic 

medical environment.

Key Question 3

(P) In adult patients with AKI requiring RRT, does (I) CKRT 

improve the outcomes of (O) mortality and length of stay 

compared to (C) IHD?

Recommendation
In patients with AKI, CKRT can be considered a primary 

modality of RRT along with IHD, and its selective applica-

tion may be considered in patients with high severity or he-

modynamic instability, such as hypotension or arrhythmia.

Summary of recommendation statements
1. �CKRT does not demonstrate a significant difference in 

mortality compared to IHD.

2. �CKRT does not demonstrate a significant difference in 

the length of ICU stay or total hospitalization duration 

compared to IHD.

3. �CKRT does not demonstrate a significant difference 

in prognosis compared to prolonged intermittent RRT 

(PIRRT).

4. �In patients with relatively higher severity, CKRT tends 

to be associated with improved prognosis compared to 

IHD.

Evidence level: Moderate
Strength of recommendation: B (Conditional recommen- 
dation)

Rationale
The appropriate application of RRT in critically ill patients 

with AKI is clinically important, as it can reduce mortality 
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and complications, thereby improving prognosis [37]. In 

general, patients with severe AKI often present with hemo-

dynamic instability due to septic shock or other underlying 

factors, and severe AKI is more prevalent among patients 

admitted to the ICU [38]. In hemodynamically unstable ICU 

patients, conventional hemodialysis poses a risk of compli-

cations such as hypotension, shock, and arrhythmias [39]. 

CKRT, with its relatively lower dialysis flow rate, is expected 

to help maintain hemodynamic stability [40]. However, 

compared to conventional hemodialysis, CKRT requires 

more resources and personnel. Therefore, selecting the ap-

propriate type of RRT for AKI patients and initiating CKRT 

in optimal candidates is essential for efficient workforce 

management and resource allocation. Numerous studies 

have been conducted to examine whether different RRT 

modalities impact the prognosis of AKI patients. In this 

clinical practice guideline, we reviewed and conducted a 

meta-analysis of 12 prospective RCTs that compared the 

clinical outcomes of CKRT with those of intermittent renal 

replacement therapies [41–52]. Among the 12 studies, seven 

used conventional IHD as the control group, while the re-

maining five adopted PIRRT as the comparator.

Compared with IHD, CKRT did not demonstrate a statis-

tically significant improvement in in-hospital mortality (RR, 

1.00; 95% CI, 0.93–1.09). Likewise, there was no difference 

in mortality between CKRT and PIRRT (RR, 1.20; 95% CI, 

0.96–1.50). Hazard ratios for ICU mortality were available 

from five studies, yet no significant differences were ob-

served. In addition, six studies compared total hospital 

length of stay and ICU length of stay, but neither outcome 

showed a statistically significant difference between treat-

ment groups. When the control group was stratified into 

conventional IHD and PIRRT, there remained no signifi-

cant differences between CKRT and either control modali-

ty across ICU mortality, total hospital stay, or ICU length of 

stay (Fig. 3) [41–52].

Evidence remains insufficient to confirm that CKRT 

improves prognosis and reduces complications in hemo-

dynamically unstable patients compared to IHD. Among 

the 12 RCTs included in the meta-analysis, four studies 

provided subgroup analyses comparing CKRT with inter-

mittent dialysis specifically in patients with hemodynam-

ic instability; however, none demonstrated a significant 

difference in clinical outcomes between the treatment 

modalities [44,47,49,51]. In contrast, two studies reported 

that 7.6%–19.5% of patients initially assigned to IHD re-

quired conversion to CKRT due to hemodynamic instabil-

ity [47,49]. These findings suggest that while routine use of 

CKRT solely for prognostic benefit may not be warranted, 

CKRT may be considered in patients with AKI who require 

KRT who cannot tolerate IHD due to hemodynamic insta-

bility. According to a follow-up analysis of the AKIKI and 

IDEAL-ICU study results in 2022 [53], IHD demonstrated 

superior survival outcomes in patients with mild AKI and 

lower sequential organ failure assessment (SOFA) scores. 

However, in patients with moderate to severe AKI and 

higher SOFA scores, there was no significant difference in 

survival prognosis between treatment modalities, and the 

CKRT group even showed a trend toward better survival. 

These findings indirectly suggest that IHD may be pre-

ferred for patients with mild AKI, whereas CKRT may be a 

more suitable option for critically ill patients with hemody-

namic instability.

To date, no Korean prospective randomized clinical tri-

als have examined the effectiveness of CKRT in adult AKI 

patients with hemodynamic instability, and further clinical 

evidence is needed.

Considerations
1) Benefits and harms
In adult patients with AKI, CKRT does not demonstrate 

a significant difference in prognosis compared to IHD in 

terms of in-hospital mortality, ICU mortality, or hospital 

length of stay. Evidence remains insufficient regarding 

whether CKRT increases the risk of infections or dialysis 

access dysfunction compared to IHD.

2) Patients’ values and preferences
In general, conscious patients with AKI may be relatively 

hesitant to undergo CKRT, as it requires continuous treat-

ment up to 24 hours. However, patients with impaired con-

sciousness due to the use of sedative drugs or other comor-

bid conditions are less likely to have a preference between 

CKRT and IHD. Patients who repeatedly experience treat-

ment-related complications such as shock, arrhythmias, or 

seizures during hemodialysis may prefer CKRT.

3) Obstacles and solutions
CKRT is generally preferred for hemodynamically unsta-

ble adult critically ill patients. However, in routine clinical 
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settings, there is often a shortage of specialized personnel 

and equipment required to perform CKRT. If the guideline 

facilitates the efficient use of various RRT modalities and 

reduces the duration of CKRT, it may help overcome barri-

ers such as shortages of trained personnel and limitations 

in facility capacity.

4) Resources
In some healthcare institutions, where medical resources 

such as personnel and dialysis machines for performing 

IHD in the ICU are limited, CKRT may be preferred.

Key Question 4

(P) In patients with CKRT, (I) does the combined use of 

phosphate-containing dialysate decrease the frequency of 

hypophosphatemia, improve (O) patient survival, reduce 

cardiac arrhythmias, decrease the duration of mechanical 

ventilation, and decrease the length of stay in the ICU or 

hospital (C) compared to the use of non-phosphate-con-

taining dialysate only?

Recommendation
The use of phosphate-containing dialysate may be consid-

ered to prevent hypophosphatemia in patients on CKRT.

Summary of recommendation statements
1. �In patients on CKRT, the use of phosphate-containing 

dialysate is associated with a lower frequency of hypo-

phosphatemia and higher blood phosphate concentra-

tion compared to the use of non-phosphate-containing 

dialysate alone.

Figure 3. Overall mortality comparing continuous vs. intermittent kidney replacement therapy in adults with acute kidney injury 
(Key Question 3). Forest plot of randomized controlled trials comparing overall mortality between CKRT and IRRT, including IHD and 
PIRRT, in adult patients with acute kidney injury. Pooled effect estimates were calculated using a fixed-effect model. No statistically 
significant difference in mortality was observed between CKRT and IRRT (risk ratio = 1.03; 95% CI, 0.96–1.12; p = 0.38). Subgroup 
analysis also demonstrated no significant mortality difference between CKRT and IHD or PIRRT.
CI, confidence interval; CKRT, continuous kidney replacement therapy; CRRT, continuous renal replacement therapy; df, degree of free-
dom; IHD, intermittent hemodialysis; IRRT, intermittent renal replacement therapy; M-H, Mantel-Haenszel; PIRRT, prolonged intermit-
tent renal replacement therapy.
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2. �In patients on CKRT, the use of phosphate-containing 

dialysate may be associated with shorter duration of me-

chanical ventilation and ICU and hospital length of stay 

compared with the use of dialysate without phosphorus 

alone, but evidence is lacking.

3. �There is no evidence that the use of phosphate-contain-

ing dialysate improves survival compared to the use of 

dialysate without phosphorus alone in patients on CKRT.

4. �There is no available study comparing the efficacy of di-

alysate with directly mixed phosphate vs. commercially 

available phosphate-containing dialysate. Therefore, 

there is insufficient evidence to recommend a specific 

method.

Evidence level: Very low
Strength of recommendation: B (Conditional recommen- 
dation)

Rationale
Hypophosphatemia is common in patients on CKRT. Hy-

pophosphatemia can cause a decrease in muscle contrac-

tility and affect the affinity of oxygen to hemoglobin, which 

in turn can reduce the patient’s cardiorespiratory capacity 

and hinder rehabilitation. Severe hypophosphatemia can 

also cause rhabdomyolysis. Previously, preventing or treat-

ing hypophosphatemia in patients on CKRT required in-

travenous or enteral supplementation. Recently, however, 

phosphate-containing dialysate has been introduced into 

CKRT to prevent or treat hypophosphatemia. This guide-

line examines the effect of using phosphate-containing 

dialysate, compared with non–phosphate-containing dial-

ysate, on hypophosphatemia, arrhythmic events, duration 

of mechanical ventilation, ICU and hospital length of stay, 

and mortality in patients receiving CKRT.

There is no RCT comparing the effects of phosphate-con-

taining dialysate vs. phosphate-free dialysate in patients 

undergoing CKRT. In several observational cohort studies, 

the use of phosphate-containing dialysate was associated 

with a lower incidence of hypophosphatemia compared 

to the use of non-phosphate-containing dialysate [54–63]. 

However, different studies used different criteria for the fre-

quency of hypophosphatemia and different study designs, 

making comparisons difficult. Thompson Bastin et al. [54] 

and Broman et al. [55] reported outcomes as the number of 

patients with hypophosphatemia in total patients, Godaly 

et al. [56] and Crowley et al. [57] reported outcomes as the 

number of treatment days with hypophosphatemia in total 

cumulative treatment days, and Morabito et al. [59] report-

ed outcomes as the frequency of hypophosphatemia in total 

blood phosphate measurements. Cho et al. [58] presented 

only incidence rate ratios and did not report each frequency 

or incidence. Nalesso et al. [60] and Chua et al. [62] reported 

only blood phosphate concentrations, not frequency of hy-

pophosphatemia. In terms of study design, another study of 

Chua et al. [61] compared serum phosphate concentration 

in patients who received sequentially non-phosphate-con-

taining and phosphate-containing dialysate. Song et al. [63] 

used dialysate phosphate concentrations of 2.0 mmol/L 

or 3.0 mmol/L, which is much higher than the 1.2 mmol/L 

used in other studies. One prospective study by Besnard et 

al. [64] used a crossover design to study the effect of phos-

phate-containing dialysate and found that phosphate-con-

taining dialysate was associated with higher phosphate con-

centrations and less frequent phosphate supplementation. 

Despite the differences between these studies, all studies, 

including Thompson Bastin et al. [54], which included 1,396 

patients, and Cho et al. [58], which included 324 patients, 

consistently reported a decreased frequency of hypophos-

phatemia or a higher phosphate concentration when using 

phosphate-containing dialysate. On the other hand, hyper-

phosphatemia tended to increase in the group using phos-

phate-containing dialysate.

Thompson Bastin et al. [65] reported a shorter duration 

of mechanical ventilation with the use of phosphate-con-

taining dialysate compared with the use of non-phos-

phate-containing dialysate in patients on CKRT, but Crow-

ley et al. [57] reported no difference. Other studies did not 

report on the duration of mechanical ventilation. The study 

of Thompson Bastin et al. [65] was relatively large, includ-

ing 992 patients, whereas the study of Crowley et al. [57] 

included only 60 patients. Thus, there is a possibility that 

the use of phosphate-containing dialysate may reduce the 

duration of mechanical ventilation, but the evidence is still 

weak. Similar to the results for the duration of mechanical 

ventilation, only Thompson Bastin et al. [54] and Crowley 

et al. [57] reported ICU length of stay or hospital length of 

stay, with Thompson Bastin et al. [54] reporting shorter 

ICU length of stay or hospital length of stay with the use of 

phosphate-containing dialysate compared with the use of 

non-phosphate-containing dialysate and Crowley et al. [57] 

reporting no difference. As for mortality, Thompson Bastin 
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et al. [54] and Crowley et al. [57] reported in-hospital mor-

tality, while Cho et al. [58] reported 30-day mortality with 

no difference based on phosphate-containing dialysate 

use. No studies reported cardiac arrhythmias.

Baeg et al. [66] suggested that the use of phosphate-con-

taining dialysate according to a predefined CKRT fluid 

protocol based on blood phosphate level may reduce the 

variability of blood phosphate concentrations and reduce 

the frequency of abnormal blood phosphate concentra-

tions compared to no protocol, but they did not directly 

evaluate the effect of phosphate-containing dialysate com-

pared with non-phosphate-containing dialysate. Cho et 

al. [58] used in a predefined CKRT fluid protocol based on 

blood phosphate concentration. Therefore, it may be use-

ful to use phosphate-containing dialysate according to a 

predefined CKRT fluid protocol based on blood phosphate 

levels, but the evidence is still lacking.

The studies by Thompson Bastin et al. [54,65] did not 

specify how the phosphate-containing dialysate was pre-

pared. Song et al. [63] reported that phosphate was directly 

mixed into the dialysate, whereas the other referenced 

studies compared the effects of commercially available 

phosphate-containing dialysate vs. phosphate-free dial-

ysate. However, since no study has directly compared di-

alysate with manually mixed phosphate vs. commercially 

available phosphate-containing dialysate, there is insuf-

ficient evidence to recommend a specific method. In pa-

tients on CKRT, the use of phosphate-containing dialysate 

may help prevent hypophosphatemia.

One study reported that the use of phosphate-contain-

ing dialysate was associated with a reduction in duration 

of mechanical ventilation, ICU, and hospital length of stay 

compared with non-phosphate-containing dialysate, but 

the evidence is still lacking, and mortality does not appear 

to be affected by phosphate-containing dialysate. Given 

that no significant increase in complications has been re-

ported with the use of phosphate-containing dialysate and 

the potential complications of hypophosphatemia, the use 

of phosphate-containing dialysate may be recommended 

in patients on CKRT.

Considerations
1) Benefits and harms
In patients on CKRT, the use of phosphate-containing dial-

ysate may prevent hypophosphatemia. There are also po-

tential benefits in terms of shorter duration of mechanical 

ventilation and shorter ICU and hospital length of stay in 

mechanically ventilated patients. On the other hand, using 

phosphate-containing dialysate carries the risk of hyper-

phosphatemia. Therefore, phosphate-containing dialysate 

should be used cautiously in patients with preexisting or 

persistent hyperphosphatemia.

2) Patients’ values and preferences
Most patients on CKRT are critically ill in the ICU and do 

not have a preference for using a specific dialysate. There-

fore, the choice of dialysate is usually based on the medical 

judgment of the healthcare provider.

3) Obstacles and solutions
The use of phosphate-containing dialysate indicates that at 

least two or three types of dialysates should be adequately 

stocked and available, compared to the use of one or two 

types of non-phosphate-containing dialysates. To prevent 

hyperphosphatemia, it is necessary to actively exchange 

dialysate according to the blood phosphate concentration. 

Therefore, proper protocols and training of medical staff 

(doctors, nurses) are required for each institution. Howev-

er, using a predefined protocol based on blood phosphate 

concentrations can help avoid dosing errors and increase 

workload [66].

There is no evidence to suggest a difference in efficacy 

between dialysate with manually mixed phosphate and 

commercially available phosphate-containing dialysate. 

However, manually mixing phosphate into the dialysate 

may increase the workload for healthcare providers and 

pose risks of incomplete mixing, potentially exposing pa-

tients to transiently high concentrations of phosphate or 

potassium. Therefore, for convenience and safety, the use 

of commercially available phosphate-containing dialysate 

may be considered.

4) Resources
The use of phosphate-containing dialysate may result in sig-

nificant cost savings due to shorter duration of mechanical 

ventilation and ICU or hospital stays, but evidence is lacking. 

Since commercially available phosphate-containing dialy-

sate is more expensive than phosphate-free dialysate, if cost 

is a concern, an alternative approach may be to manually mix 

potassium phosphate ampoules into the CKRT dialysate.
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Key Question 5

(P) In patients receiving CKRT, does (I) early intensified net 

negative ultrafiltration or early negative fluid balance re-

duce (O) mortality, KRT dependency, or length of ICU stay 

compared to (C) non-intensified ultrafiltration?

Recommendation
Non-intensified net ultrafiltration rate to achieve net neg-

ative fluid balance may be utilized to avoid positive cu-

mulative fluid balance in critically ill patients with volume 

overload during the early period after the CKRT initiation. 

We suggest using an individualized net ultrafiltration rate 

based on patients’ volume status and ability to tolerate flu-

id removal.

Summary of recommendation statements
1. �Positive fluid balance during the early period after CKRT 

initiation was associated with increased mortality.

2. �Studies designed to examine the association between 

early (48–72 hours) intensified net ultrafiltration and 

mortality in patients with fluid overload showed mixed 

results.

Strength of recommendation: Expert consensus

Rationale
It is well known that fluid overload can result in reduced 

organ perfusion, multiorgan dysfunction, and increased 

mortality [67]. There has been increasing recognition of 

the deleterious consequence of positive fluid balance in 

critical care [68]. Thus, fluid removal with net negative ul-

trafiltration is likely to have an important role in critically ill 

patients under CKRT [69]. However, a faster net ultrafiltra-

tion rate can potentially lead to ischemic organ injury and 

cardiac stress [69]. It is desirable if the net ultrafiltration 

rate is applied with the rate of treating fluid overload effec-

tively and avoiding deleterious consequences of ultrafil-

tration-derived hemodynamic stress. However, there has 

been no consensus regarding the adequate net ultrafiltra-

tion rate in critically ill patients under CKRT.

There are no prospective intervention studies comparing 

the rate of net ultrafiltration. Although modern RCTs de-

signed to evaluate the timing of KRT initiation were recent-

ly published, none of these trials addressed volume status 

and examined the ultrafiltration rate [13,14,17]. Therefore, 

the rationale of this recommendation is limited to retro-

spective observational studies. An earlier large study that 

sophisticatedly addressed the different ranges of hourly 

net ultrafiltration rate demonstrated that an intensified net 

ultrafiltration rate (ultrafiltration rate greater than 1.75 mL/

kg/hr) was associated with increased risk of mortality com-

pared to slower net ultrafiltration rates [70]. This finding 

was reproduced by the later study designed to examine the 

early period (first 48 hours) after CKRT initiation [71,72]. 

Moreover, the intensified net ultrafiltration was associated 

with a higher risk of KRT dependency and longer length of 

ICU stay [73]. We, therefore, suggest avoiding intensified 

ultrafiltration rate greater than 1.75 mL/kg/hr unless there 

is an individualized clinical indication that requires rap-

id volume removal until the safety is confirmed by future 

trials. However, it is important to note that this does not 

mean that net negative fluid balance should be avoided 

during the early period of CKRT. Observational studies 

that addressed early fluid balance after CKRT initiation 

consistently showed that the positive fluid balance was 

associated with increased mortality [74–77]. Moreover, in 

patients with fluid overload status, a lower risk of mortality 

was observed in patients with a daily negative fluid balance 

greater than 25 mL/kg/day compared to those with lower 

daily negative fluid balance (≤20 mL/kg/day) [75]. When 

the analysis was limited to the fluid balance during the first 

72 hours after CKRT initiation, this association was consis-

tently observed [75]. The hypothetical J-shape association 

between net negative ultrafiltration rate and mortality has 

been suggested [69,70]. Therefore, the application of mod-

est net negative ultrafiltration in clinically indicated pa-

tients or in those with volume overload is likely acceptable 

based on the data from the observational studies. However, 

the safe threshold or recommended net ultrafiltration rate 

cannot be suggested with the currently available evidence.

Given that the rationale is limited to several retrospective 

observational studies with a high risk of bias, we limit the 

recommendation level to the expert consensus. Future ran-

domized trials designed to investigate the clinical effect of 

different net ultrafiltration rates are warranted.

Considerations
1) Benefits and harms
The early intensified net negative ultrafiltration rate was 

associated with a higher risk of mortality. Non-intensified 
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net negative ultrafiltration to avoid positive fluid balance 

was associated with a lower risk of mortality.

2) Patients’ values and preferences
There is unlikely to be a patient preference issue regarding 

CKRT net ultrafiltration.

3) Obstacles and solutions
Hypotension and hemodynamic instability can occur 

during ultrafiltration. Fluid removal can be temporarily 

withheld, and an effort to find and correct the underlying 

cause of hypotension is required. The input volume and 

urine output should be considered for the net ultrafiltration 

prescription. A strategy minimizing or reducing infused 

volume can be used in order to achieve net negative fluid 

balance and avoid intensified net ultrafiltration. A recent 

multicenter randomized clinical trial investigated the use 

of bioelectrical impedance analysis (BIA)-guided ultrafil-

tration adjustment to maintain appropriate fluid balance 

in patients with AKI undergoing CKRT. While long-term 

survival rates showed no significant difference, BIA-guided 

ultrafiltration control was associated with a reduction in 28-

day mortality and improved fluid balance on day 1. Clini-

cally, BIA may serve as a useful tool for individualized ultra-

filtration rate adjustment in patients receiving CKRT [78].

4) Resources
There is no resource issue with modifying the net ultrafil-

tration rate using CKRT.

Key Question 6

(P) In patients with ADHF, does (I) ultrafiltration therapy 

compared to (C) pharmacological treatment result in (O) 

better fluid removal or weight loss, changes in kidney func-

tion, and reduction in heart-failure rehospitalization rates 

and mortality?

Recommendation
Ultrafiltration therapy should be carefully considered in se-

lected patients with ADHF who exhibit diuretic resistance.

Summary of recommendation statements
In patients with ADHF,

1. �Ultrafiltration therapy may be more effective in fluid re-

moval compared to pharmacological treatment.

2. �Ultrafiltration therapy may be more effective in weight 

loss compared to pharmacological treatment.

3. �There is no significant difference in renal function be-

tween ultrafiltration therapy and pharmacological treat-

ment.

4. �Ultrafiltration therapy may lead to complications such as 

bleeding, catheter-related infections, and hemodynamic 

instability.

5. �Ultrafiltration therapy significantly reduces the rate of 

rehospitalization for heart failure compared to pharma-

cological treatment.

6. �Ultrafiltration therapy has a similar effect on mortality 

compared to pharmacological treatment.

Evidence level: Moderate
Strength of recommendation: I (Inconclusive)

Rationale
In patients with ADHF, fluid overload is a common and pre-

dominant symptom requiring hospitalization. Therefore, 

effective fluid management in acute heart failure patients 

is crucial for symptom improvement and better prognosis. 

While diuretics are predominantly used for fluid manage-

ment in acute heart failure, they are often ineffective due to 

frequently accompanied AKI. Ultrafiltration is known as an 

effective treatment for decongestion that does not respond 

well to diuretics in patients with ADHF. Several previous 

RCTs have demonstrated the superiority of ultrafiltration 

therapy over pharmacological treatment in terms of fluid 

management and readmission rates [79–83]. However, 

there is caution in the application of ultrafiltration therapy, 

as it may have treatment-associated adverse events such as 

worsening of kidney function, catheter-related infections, 

anemia, bleeding, and hemodynamic instability [80,84,85]. 

Furthermore, there are currently no clinical guidelines 

providing recommendations for the use of ultrafiltration 

therapy in ADHF patients, and therefore selecting between 

ultrafiltration and pharmacological treatment remains 

challenging. According to the 2021 European Society of 

Cardiology guidelines for the diagnosis and treatment 

of acute and chronic heart failure, in patients with heart 

failure who do not respond to diuretics, ultrafiltration can 

be considered; however, the guidelines indicate a lack of 

evidence regarding the effects on patient’s outcome of ul-

trafiltration therapy [81,84,86]. In the 2022 American Heart 
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Association guideline for the management of heart failure, 

it is reported that early implementation of ultrafiltration 

therapy in heart failure patients, when compared to diuret-

ics in some studies, is effective in fluid removal and reduc-

es readmission rates [81,87,88]. However, the guideline also 

points out potential complications such as catheter-related 

complications associated with the implementation of ultra-

filtration therapy [84]. Therefore, the guidelines emphasize 

the need for future comprehensive research on the effect of 

ultrafiltration therapy in heart failure patients to appropri-

ately select patients and fluid removal rates, and minimize 

treatment-related side effects and costs.

In this clinical guideline, we reviewed seven RCTs to 

assess the effects of ultrafiltration therapy in patients 

with ADHF on symptom improvement, renal function, 

heart-failure rehospitalization, and mortality, compared 

with pharmacological treatment.

In RCTs, ultrafiltration therapy showed a significant effect 

in fluid removal compared to pharmacological treatment 

after 48 hours of treatment initiation (Supplementary Fig. 

3. KQ6; available online) [80,81,83]. Additionally, in terms 

of weight loss at 48 and 72 hours after treatment initiation, 

ultrafiltration therapy demonstrated a significantly supe-

rior effect over pharmacological treatment [79,81,83,89]. 

When comparing changes in kidney function as measured 

by changes in serum creatinine concentration, there was 

no significant difference between ultrafiltration therapy 

and pharmacological treatment at 48 hours after treatment 

initiation [83,87,90]. Regarding rehospitalization rate for 

heart failure at 90 days after treatment initiation, ultrafil-

tration therapy significantly reduced the rate compared to 

pharmacological treatment [81,87,89,90]. However, there 

was no significant difference in mortality at 90 days after 

treatment initiation between ultrafiltration therapy and 

pharmacological treatment [87,89,90].

In conclusion, ultrafiltration therapy can be considered 

for patients with ADHF as it effectively removes fluid, re-

duces body weight, and lowers the rate of heart failure-re-

lated rehospitalization compared to pharmacological 

treatment. However, because no mortality benefit has been 

demonstrated, its use should be carefully individualized 

based on clinical context.

Considerations
1) Benefits and harms
In patients with ADHF, ultrafiltration therapy is effective 

when compared to pharmacological treatments including 

diuretics, for alleviating fluid overload, and there is no sig-

nificant differences in adverse effects, such as worsening of 

kidney function. In particular, compared to pharmacolog-

ical treatment, ultrafiltration therapy significantly reduces 

the rehospitalization rates for heart failure in patients with 

ADHF, providing therapeutic benefits. However, caution is 

needed that catheter insertion is necessary for ultrafiltra-

tion therapy and potential risks such as catheter-related 

infection and bleeding need to be considered.

2) Patients’ values and preferences
From the patient’s perspective, there may be reluctance 

to undergo invasive procedures such as catheter insertion 

for the administration of ultrafiltration therapy, and there 

may be concerns about hemodynamic instability, such as 

hypotension during the treatment period. However, it is 

essential to provide education to patients so that they are 

well-informed about the potential benefits of ultrafiltra-

tion therapy by effectively improving symptoms from fluid 

overload and reducing readmissions compared to pharma-

cological treatment. This awareness will enable patients to 

make informed decisions regarding their treatment.

3) Obstacles and solutions
While the invasive procedures, such as catheter insertion, 

and the potential need for admission to an ICU for ultra-

filtration therapy, can be barriers, it is essential to explain 

to patients the potential benefits of ultrafiltration therapy 

effectively improving symptoms from fluid overload and 

significantly reducing readmission rates compared to phar-

macological treatment. Overcoming these obstacles by 

providing a clear understanding of the potential advantag-

es of ultrafiltration therapy is crucial.

4) Resources
The utilization of equipment for ultrafiltration, catheter in-

sertion, and securing an ICU may require resources, but ul-

timately, it can lead to resource savings compared to phar-

macological treatment by rapidly alleviating symptoms in 

heart failure patients and reducing readmission rates.

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
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Key Question 7

(P) In adult patients with AKI undergoing CKRT, does (I) 

the use of diuretics at the time of discontinuing therapy, 

compared with (C) not using diuretics, improve (O) out-

comes such as increased urine output, duration of CKRT, 

length of hospital stay, or mortality?

Recommendation
In adult patients undergoing CKRT for AKI, the use of di-

uretics may be considered at the time of CKRT discontinu-

ation to facilitate urine output recovery.

Summary of recommendation statements
1. �In adult patients undergoing CKRT for AKI, existing 

studies on diuretic use are heterogeneous with respect to 

patient selection, dosing strategies, and routes of admin-

istration; however, diuretic therapy has generally been 

associated with increased urine output.

2. �However, diuretic use has not been associated with im-

proved renal recovery or a reduction in AKI duration. 

Additionally, it has shown no significant impact on ICU 

length of stay or mortality rates.

3. �While the increase in urine output induced by diuretics 

may be associated with earlier CKRT discontinuation 

and a shorter duration of RRT, conflicting study results 

exist, and these findings should be interpreted with cau-

tion.

Evidence level: Low
Strength of recommendation: B (Conditional recommen-
dation)

Rationale
There are limited existing studies that directly compare 

the effect of diuretic use on the discontinuation of ongoing 

KRT in adult patients undergoing CKRT due to AKI. Most 

studies have explored significant factors associated with 

discontinuing CKRT and have observed that urine output 

before and after discontinuation was a significant factor. 

In many cases, the use of diuretics was investigated during 

this period. Some studies included diuretic use as an inter-

vention and performed comparisons.

In a single-center study involving patients undergoing 

CKRT, a RCT was conducted to investigate kidney function 

recovery based on diuretics [91]. After discontinuing CKRT, 

urine was collected over 4 hours to measure creatinine 

clearance. Subsequently, a comparison was made between 

a randomly assigned group receiving furosemide and a pla-

cebo group. Out of 71 patients, 36 were in the furosemide 

treatment group. Although there was a significant increase 

in urine output in the diuretic-treated group, diuretic use 

did not contribute to a reduction in the duration of kidney 

dysfunction or kidney function recovery. Furthermore, 

there were no differences in the duration of stay in the ICU 

and the in-hospital mortality rate between the two groups. 

In a retrospective cohort study of 1,176 patients with AKI 

undergoing CKRT, regardless of whether treatment was 

discontinued, switched to IHD, or resumed CKRT, all 

groups exhibited increased urine output in the diuretic 

use subgroup [92]. When examined within the group in 

which CKRT was discontinued, diuretics led to increased 

urine output. Moreover, when diuretics were administered 

through continuous infusion, urine output exhibited an 

even more pronounced increase. The use of diuretics was 

shown as a predictive factor for the discontinuation of 

CKRT. However, within the group using diuretics, kidney 

function recovery was not observed, and although the dif-

ference was not statistically significant, there was a slight 

increase in serum creatinine levels. Additionally, a direct 

comparison was not conducted based on diuretic use as an 

intervention. Thus, the duration of CKRT treatment based 

on diuretic use was not compared. In several observational 

studies, increased urine output upon discontinuing CKRT 

was shown to be a significant factor. While some studies 

suggested that diuretic use heightened this association 

[93], there are also studies indicating an inverse relation-

ship between diuretic use and the predictive power for 

discontinuing CKRT [94]. In a retrospective observational 

study involving 1,158 patients, the proportion of patients 

using diuretics the day before discontinuation was higher 

when CKRT was discontinued. The use of diuretics 1 day 

before discontinuation was shown to be a significant factor 

for stopping CKRT in univariate analysis [95]. However, 

in multivariable adjustments, the use of diuretics was not 

statistically significant, whereas urine output remained 

a significant factor for discontinuing KRT. A small pilot 

study involving 30 patients compared clinician judgments 

or protocols based (bolus infusion of furosemide) for dis-

continuing KRT [96]. There was a higher urine output in 

the protocol group, although there was no statistically sig-
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nificant difference in diuretic use between the two groups. 

The authors postulated that the increased urine output 

in the protocol group might be attributed to fluid admin-

istration to prevent hypotension and hypovolemia rather 

than diuretic use. In addition, several observational studies 

comparing successful discontinuation and failure groups 

of CKRT have consistently shown that the successful group 

exhibited higher urine output. However, there were no 

differences between the two groups regarding diuretic use 

rates or quantities [97–100].

Although the criteria for diuretic administration at the 

time of CKRT discontinuation vary across studies, diuretics 

may generally be considered in patients who are hemo-

dynamically stable and show an increasing trend in urine 

output. Previous studies have reported that a daily urine 

output of 125 mL serves as a cutoff value for predicting suc-

cessful CKRT discontinuation when diuretics are used in 

oliguric patients attempting CKRT withdrawal [92].

The single RCT providing evidence had a limited sample 

size, and the processes of randomization and allocation 

concealment were unclear. In addition, among the nine 

observational studies, some demonstrated risks of bias as 

well as inconsistency and imprecision, leading to an overall 

‘low level of evidence.’ Nevertheless, several studies iden-

tified increased urine output as an important predictor of 

successful treatment discontinuation, suggesting potential 

clinical relevance. Accordingly, although a survival benefit 

remains uncertain, a ‘conditional recommendation’ was 

made to selectively allow diuretic use based on individ-

ual patient status for the purpose of fluid management. 

Currently, in adult patients undergoing CKRT due to AKI, 

diuretics when CKRT is discontinued have been associated 

with increased urine output in some studies. However, a 

lack of research demonstrates improvements in outcomes 

such as shortened duration of CKRT, kidney function re-

covery, or mortality. In addition, few studies have inter-

vened on whether or not to use diuretics, therefore more 

research is needed.

Considerations
1) Benefits and harms
While diuretics can lead to increased urine output and fa-

cilitate fluid management, potentially allowing for discon-

tinuation of CKRT, it is essential to adjust their administra-

tion based on the patient’s condition to mitigate risks such 

as fluid depletion and hypotension.

2) Patients’ values and preferences
If diuretics help stabilize the patient’s clinical condition, 

the use of diuretic therapy may be considered as a treat-

ment option. However, if the patient requires KRT, it would 

be necessary to discuss the treatment process with the 

patient and consider their values and preferences. In such 

cases, it is important to provide the patient with a clear 

understanding of the treatment options and tailor the ap-

proach based on their individual needs and choices.

3) Obstacles and solutions
As the benefits of using diuretics alone for kidney function 

recovery or discontinuing CKRT remain unclear in patients 

undergoing CKRT due to AKI, further research is neces-

sary.

4) Resources
Given that the advantages of diuretics in patients under-

going CKRT are not prominent, it would be important to 

allocate resources appropriately and tailor treatment based 

on the patient’s condition.

Key Question 8

(P) In patients with increased bleeding risk, (I) does the use 

of nafamostat mesylate (NM), (C) compared to no antico-

agulation, (O) have a clinically beneficial effect?

Recommendation
In CKRT patients with a high risk of bleeding who are not 

receiving systemic anticoagulation and for whom regional 

citrate anticoagulation is not feasible, anticoagulation with 

NM may be considered.

Summary of recommendation statements
1. �For CKRT anticoagulation in patients with increased 

bleeding risk who are not receiving anticoagulation, NM 

anticoagulation prolongs filter life compared to no anti-

coagulation.

2. �There is little evidence that NM increases bleeding com-

plications compared with no anticoagulation.

Evidence level: Moderate
Strength of recommendation: B (Conditional recommen-
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dation)

Rationale
Regional citrate anticoagulation is the KDIGO-suggested 

method for anticoagulation during CKRT in patients with 

increased bleeding risk [101]. However, citrate anticoag-

ulation is currently unavailable in South Korea. No anti-

coagulation is the next option in this case [101], while the 

increased risk of filter clotting is raised.

We suggest systemic NM anticoagulation rather than no 

anticoagulation during CKRT in patients with increased 

bleeding risk. NM is a synthetic serine protease inhibitor 

with anti-thrombin effect, and its short half-life (6–8 min-

utes) allows rapid reversal of its systemic anticoagulation 

effect [102].

Three randomized trials have compared NM to no an-

ticoagulation during CKRT in patients with an increased 

risk of bleeding. The first trial by Park et al. [103] used a 

single-center unblinded design in 43 patients with high 

risk of bleeding defined by (1) international normalized ra-

tio >2, activated partial thromboplastin time >20 seconds, 

platelet count <50,000/mm3 or (2) ongoing bleeding, major 

hemorrhage/surgery in the last 48 hours. Twenty patients 

were treated with continuous NM infusion (10–20 mg/hr) 

and the remaining 23 patients were treated with saline bo-

lus infusion (100 mL/hr) for CVVH anticoagulation. Mean 

filter life was longer in NM infusion group (28.73 ± 12.67 

hours vs. 16.34 ± 7.86 hours, p = 0.001) and there were no 

significant bleeding complications in either saline bolus or 

NM infusion group.

The second trial was an unblinded, single-center, ran-

domized prospective controlled study based on the 73 

CKRT patients with a hemorrhagic tendency [104]. The 

definition for hemorrhagic tendency was similar to those 

of Park et al. [103] except for additionally including septic 

shock or disseminated intravascular coagulation. The ini-

tial dose of nafamostat was 20 mg/hr and it was adjusted 

from 10 to 30 mg/hr according to each patient’s status. The 

overall number of filters used during CKRT (2.71 ± 2.12 vs. 

4.50 ± 3.25; p = 0.042) and the number of filters changed 

due to clots within 24 hours (1.15 ± 0.81 vs. 1.74 ± 1.62; p 

= 0.040) were significantly fewer in NM group. There was 

no significant difference in transfusion rate or survival be-

tween the two groups. No adverse event related to NM was 

noted.

The third trial randomized 55 patients on CKRT with an 

increased risk of bleeding. Allocation to NM or no antico-

agulation was unblinded to the investigators, and defini-

tions for bleeding tendency was similar to the previous two 

studies. Initial dose of NM was 20 mg/hr, then regulated to 

10–30 mg/hr according to the physicians’ decision. Thir-

ty-one patients received NM, and the other 24 received no 

anticoagulation. The mean filter lifespan was significantly 

longer in the NM group than in the no anticoagulation 

group (31.7 ± 24.1 hours vs. 19.5 ± 14.9 hours; p = 0.035). 

There were no significant differences in the frequencies of 

transfusions and major bleeding between the groups. Pa-

tient survival rates at 30 and 90 days after CKRT initiation 

were comparable between the groups [105].

A recent meta-analysis based on these three RCTs re-

ported significantly decreased filter life in no anticoagula-

tion compared to NM group (pooled difference in mean, 

–10.59 [95% CI, –15.45 to –5.72]; Z = 4.26, p < 0.0001). It 

also reported no differences in the incidence of bleeding 

complications between the two groups (RR, 0.97; 95% CI, 

0.36–2.44; p = 0.95) without inter-trial heterogeneity (I2 = 

0%, p = 0.65) [106].

Two retrospective observational studies also compared 

NM and no anticoagulation among the patients on CKRT 

with bleeding tendency [107,108], and we performed a 

meta-analysis to obtain further rationale (87 with NM, 193 

with no anticoagulation). Filter life was longer in NM group 

than in the no anticoagulation group by 8.53 hours (95% 

CI, 3.26–13.81; p = 0.002), and the incidence of bleeding 

complication did not differ between the NM and no anti-

coagulation group (Supplementary Fig. 3. KQ8; available 

online). Bleeding complications were defined as: visible 

bleeding with a decrease in blood pressure, transfusion 

requirement, or a hemoglobin drop of more than 2 g/dL 

within 24 hours [108].

Hematologic complication (agranulocytosis) or allergic 

reaction to NM was not reported in these three RCTs and 

two observation studies. In the retrospective study by Kim 

et al. [109], that analyzed the safety of NM anticoagulation 

for CKRT, the incidence of agranulocytosis was not in-

creased and the hyperkalemia correction rate was not pro-

longed compared to the no anticoagulation group.

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
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Considerations
1) Benefits and harms
For patients with increased bleeding risk and unable to 

access regional citrate anticoagulation, compared to no 

anticoagulation, the use of NM is associated with a longer 

filter life without increased risk of bleeding complications. 

Agranulocytosis, hyperkalemia, or allergic reactions, the 

previously issued adverse effects with NM, have not been 

reported in RCTs or observational studies reviewed, there-

fore additional data is needed to assess potential risks. 

Nevertheless, based on the given evidence described above 

and the one retrospective study that evaluated the safety 

issues (leukocytopenia or hyperkalemia) of NM anticoagu-

lation, the benefits of NM appear to outweigh the potential 

risks. Minimal additional cost needs to be considered for 

the cost of NM compared to no anticoagulation.

2) Patients’ values and preferences
From an economic perspective, the use of NM may in-

crease the burden of costs and patients may prefer no anti-

coagulation. However, when NM was used, the total num-

ber of filters used during CKRT was significantly reduced, 

so if the filter cost reduction is deducted from the increase 

in NM cost, there may be no difference in patient prefer-

ence in terms of economy.

3) Obstacles and solutions
When NM is used as a CKRT anticoagulant, there are fewer 

practical barriers to its use, since the administration meth-

od is very simple without requirement of monitoring. How-

ever, clinical trials or observational studies with NM were 

only conducted in Korea or Japan, and no data is available 

for patients outside of Asia. Therefore, special consider-

ation is needed when extrapolating these findings to non-

Asian patients.

4) Resources
The use of NM itself can increase the burden of medical 

cost. However, one previous RCT showed that the total 

number of filters during CKRT was significantly reduced 

after the use of NM. Therefore, if the filter cost reduction 

is deducted from the increase in NM cost, there may be no 

difference in total medical cost. Recent availability of na-

famostat-biosimilar agents can also reduce the burden of 

medical cost, although one retrospective study raised the 

concerns on the decreased efficacy with biosimilar agents. 

Extended filter life with NM may reduce the workload of 

medical staff for filter change or CKRT priming, which may 

eventually result in the reduction of total medical cost.

Key Question 9

(P) In patients undergoing CKRT, does (I) ultrasound-guid-

ed dialysis catheter insertion, compared with (C) non-ul-

trasound-guided catheter insertion, improve (O) catheter 

insertion success rates and reduce complications?

Recommendation
In patients undergoing CKRT, ultrasound-guided hemodi-

alysis catheter insertion is recommended.

Summary of recommendation statements
1. �In patients undergoing CKRT, the use of ultrasound 

guidance for hemodialysis catheter insertion shows a 

relatively higher overall success rate compared to the in-

sertion method using anatomical landmarks.

2. �In patients receiving CKRT, the insertion of a hemodi-

alysis catheter using ultrasound guidance has a lower 

likelihood of complications such as arterial puncture 

compared to insertion using anatomical landmarks.

3. �In patients receiving CKRT, the use of ultrasound guid-

ance for hemodialysis catheter insertion has a higher 

success rate on the first cannulation attempt than the 

insertion method based on anatomical landmarks.

Evidence level: High
Strength of recommendation: A (Strong recommendation)

Rationale
The necessity for precise catheter placement in CKRT 

cannot be overstated, as the ramifications of incorrect in-

sertion are two-fold: the immediate inability to provide es-

sential therapy and the heightened risk of adverse events, 

which can compound a patient’s critical condition. Cath-

eter insertion without complication is not merely a proce-

dural success; it is a critical determinant in the trajectory of 

a patient’s recovery.

The advent of ultrasound-guided catheter insertion has 

been a paradigm shift in managing critically ill patients 

requiring vascular access [110]. This technology offers 

real-time visualization, enabling clinicians to navigate an-
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atomical variations and avoid structures that could lead 

to complications. The precision afforded by this method 

has been corroborated by numerous studies showing sub-

stantial improvements in first-attempt success rates and 

a notable decrease in complications, such as hematoma 

formation, infection, and thrombosis, often associated with 

traditional landmark techniques [111].

Consequently, ultrasound-guided central venous cathe-

ter insertion has become the standard treatment [112,113]. 

Therefore, there has been an increase in the use of ultra-

sound guidance for inserting hemodialysis catheters nec-

essary for CKRT [114]. However, currently, there is not a 

high level of evidence supporting this practice. This clinical 

guideline examines seven RCTs to consider whether using 

ultrasound guidance for inserting hemodialysis catheters 

for acute hemodialysis is beneficial compared to using an-

atomical landmarks.

The ultrasound-guided insertion method showed a 

higher overall success rate in all the randomized trials 

examined (Supplementary Fig. 3. KQ9; available online) 

[114–120]. When pooled, ultrasound guidance increased 

the overall success rate more than ten-fold and the first-at-

tempt success rate by approximately six-fold. Across the 

seven reviewed studies, the major complications associ-

ated with CKRT catheter insertion can be categorized into 

mechanical/traumatic events (arterial puncture, hema-

toma, pneumothorax, hemothorax, catheter malposition, 

bleeding at the incision site, and nerve irritation), infec-

tious complications (exit-site infection and catheter-re-

lated bloodstream infection), thrombotic events (venous 

thrombosis and, rarely, pulmonary embolism), and proce-

dure-related issues such as severe insertion-site pain and 

cannulation failure, which can increase the risk of subse-

quent adverse outcomes. Complications were reduced by 

about 80%, and arterial puncture risk was decreased by ap-

proximately 83% compared with the anatomical landmark 

technique. Consequently, in patients undergoing CKRT, 

ultrasound-guided insertion of hemodialysis catheters can 

improve the success rate of catheter insertion and reduce 

complications compared to methods not using ultrasound 

guidance.

Recent studies conducted after 2010 provide additional 

insights that align with these findings while also highlight-

ing some nuanced differences. For instance, the 2020 study 

by Ehtesham et al. [114], focusing on internal jugular vein 

(IJV) cannulation, reported a 100% success rate for ultra-

sound-guided cannulation compared to 95.6% for the ana-

tomical landmark method, with no statistically significant 

difference (p = 0.494). This suggests that experienced clini-

cians can achieve success rates with anatomical landmarks 

nearly comparable to those achieved with ultrasound 

guidance. This result contrasts with many older studies, 

which often showed a more marked difference favoring ul-

trasound, likely reflecting improved training and standard-

ization in using anatomical landmarks over time. Despite 

these comparable success rates, ultrasound guidance still 

demonstrated a clear advantage in reducing complica-

tions, emphasizing its continued importance, especially in 

settings where variability in complication rates could pose 

significant risks.

Similarly, the 2013 study by Lam et al. [118], which ex-

amined femoral vein cannulation for acute hemodialysis 

access, found a success rate of 100% with ultrasound guid-

ance vs. 92% with anatomical landmarks, with a statistically 

significant difference (p = 0.002). While this study’s results 

are consistent with earlier findings that demonstrated the 

challenges of using anatomical landmarks alone, it also 

highlights that anatomical techniques can still achieve high 

success when performed by skilled and experienced phy-

sicians, although with a greater risk of complications. The 

included RCTs demonstrated a low risk of bias and consis-

tent beneficial effects, allowing the evidence to be graded 

as ‘high.’ Because the likelihood of harm was extremely low 

and the magnitude of benefit was substantial, a strong rec-

ommendation was justified.

Considerations
1) Benefits and harms
The utilization of ultrasound in catheter placement not 

only appears to enhance the success rate compared to the 

use of anatomical landmarks but also offers the significant 

benefit of reducing the time required for the insertion 

procedure. Additionally, the incidence of complications 

associated with vascular catheter insertions is reduced in 

patients with ultrasound, making it a safer option than the 

traditional landmark method.

However, some recent studies have reported a possible 

increase in central line-associated bloodstream infections 

(CLABSIs) during ultrasound-guided insertions. This in-

crease in risk is likely attributable to inadequate aseptic 

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
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handling of the ultrasound probe [121].

Randomized studies focusing on hemodialysis catheter 

insertions have not reported increased central line in-

fections when ultrasound guidance is used compared to 

anatomical landmarks. This suggests that with adequate 

training and adherence to aseptic protocols, the risk of 

infection can be mitigated. When conducted correctly, ul-

trasound-guided catheter insertion stands as a significant 

improvement over older methods, providing clear benefits 

in terms of both success rates and safety.

2) Patients’ values and preferences
Patients typically favor approaches that minimize dis-

comfort, reduce the risk of complications, and shorten the 

duration of medical interventions. Ultrasound guidance, 

by offering a higher probability of successful catheter 

placement on the first attempt, not only lessens the anxiety 

associated with repeated procedures but also reduces the 

potential for pain and injury from multiple insertion at-

tempts. Furthermore, the diminished risk of complications 

such as infections, arterial puncture, and other vascular in-

juries is particularly reassuring to patients, who often prior-

itize safety and the avoidance of additional medical issues. 

This method also allows for a more personalized treatment 

approach, as ultrasound can accommodate individual 

anatomical variances, thus reflecting a patient-centered 

approach to care that values the unique needs and physical 

circumstances of each patient. Therefore, when informed 

of the benefits and risks of both techniques, many patients 

are likely to prefer ultrasound-guided catheter insertion, 

valuing its precision, safety profile, and overall contribu-

tion to a more positive healthcare experience.

3) Obstacles and solutions
The method of ultrasound-guided hemodialysis catheter 

insertion, when compared to the technique using anatom-

ical landmarks, requires training for the operators, who 

may need to become more familiar with it and necessitates 

ultrasound equipment [113]. However, in Korea, CKRT is 

performed exclusively in ICUs, and currently, tertiary hos-

pitals are mostly equipped with ultrasound devices needed 

for catheter insertion. In addition, there is a growing trend 

of intensivists who are skilled in ultrasound-guided pro-

cedures, and most residents in tertiary hospitals receive 

training in ultrasound techniques for a certain period be-

fore starting their work in the ICU.

4) Resources
For inserting a hemodialysis catheter using ultrasound 

guidance, additional equipment such as the ultrasound 

machine itself, as well as sterile covers for the ultrasound 

probe and ultrasound gel, are necessary to maintain asep-

sis during the procedure. However, despite these addition-

al requirements, ultrasound guidance also has advantages 

from a cost-effectiveness standpoint. It can save on the 

costs and medical personnel resources that would other-

wise be expended in treating the various complications as-

sociated with the anatomical landmark method, including 

arterial punctures that can occur during catheter insertion 

[122,123].

5) Others
The absence of increased CLABSIs in studies included in 

the meta-analysis [114–120] likely stems from the rigorous 

adherence to aseptic procedures during ultrasound-guided 

insertions. This underscores the importance of meticulous 

attention to aseptic technique when performing ultra-

sound-guided procedures. Proper training in both aseptic 

techniques and ultrasound guidance is vital for clinicians 

performing these procedures to ensure patient safety and 

reduce the risk of infection [121]. This approach helps min-

imize the risk of infection and maximizes the overall suc-

cess and safety of the catheter insertion process.

In ultrasound guidance for central venous catheter in-

sertion, there are two main techniques: static and dynamic 

[124]. Static guidance involves using ultrasound to identify 

and mark the vessel’s location before the needle insertion, 

allowing the procedure to proceed with removing the ul-

trasound probe. In contrast, dynamic guidance involves 

real-time monitoring where the ultrasound is used contin-

uously during the needle insertion, providing a live view 

of the needle’s progression toward the vessel. For novice 

practitioners, dynamic guidance can be more difficult due 

to the simultaneous manipulation of the needle and probe, 

requiring coordination and experience. Therefore, it is rec-

ommended that novices begin with static guidance to build 

their skills and confidence. Once they are proficient, they 

can transition to dynamic guidance, which, while more 

complex, offers the advantage of real-time feedback and 

potentially higher success rates.
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When considering ultrasound guidance for catheter 

placement in different central veins, ultrasound guidance 

is advantageous and often necessary for both IJV and fem-

oral vein catheterizations. However, the necessity of its use 

may be higher in IJV catheterization due to the potential for 

more serious complications without real-time visualization 

[125]. In femoral vein catheterization, although ultrasound 

is recommended, especially for novices or in difficult cases, 

it is sometimes considered optional depending on the clin-

ical scenario and the operator’s experience.

Comparing the complication rates without ultrasound 

guidance (using anatomical landmarks) between the inter-

nal jugular and the femoral veins in studies included in the 

meta-analysis reveals notable differences [114–120]. The 

complication rates for the IJV vary widely, ranging from 

5% to 35.7%, indicating significant variability when using 

anatomical landmarks. In contrast, the femoral vein shows 

more consistent complication rates, ranging from 13.6% to 

18.4%, although these rates are generally higher than the 

lowest rates seen in IJV studies (not statistically significant). 

This suggests that while femoral vein catheterizations us-

ing anatomical landmarks tend to be more predictable, IJV 

catheterizations, in some cases, demonstrate the potential 

for very high complication rates. The observed variability 

in IJV complications underscores the importance of ultra-

sound guidance, particularly for the IJV, where complica-

tions can be more unpredictable and potentially severe.

Key Question 10

(P) In adult patients with AKI receiving CKRT, does (I) pro-

viding nutrition tailored to calorie, protein, vitamin, and 

trace element requirements, compared with (C) not doing 

so, improve (O) survival rates?

Recommendation
In adult patients with AKI receiving CKRT, it is recom-

mended to provide 20–35 kcal/kg/day of energy (with a 

minimum of 12 kcal/kg/day), 1.2–2.5 g/kg/day of protein 

(with a minimum of 0.5 g/kg/day), and to monitor and 

supplement multivitamins and trace elements (including 

selenium, zinc, and copper) as needed.

Summary of recommendation statements
1. �In adult patients undergoing CKRT, protein intake below 

0.5 g/kg/day and energy intake below 12 kcal/kg/day 

may be associated with increased mortality.

2. �Increasing protein intake to at least 1.2 g/kg/day may 

help reduce mortality.

Evidence level: Low
Strength of recommendation: B (Conditional recommen-
dation)

Rationale
1) Proteins
In critically ill patients, amino acid and protein losses oc-

cur at a rate of 1.3–1.8 g/kg/day in the catabolic state. In 

patients with AKI receiving KRT, protein losses can reach 

up to 15 g/day [126–129]. In the RENAL trial by Bellomo et 

al. [130], patients were stratified by median daily protein 

intake (0.5 g/kg/day). No significant differences were ob-

served between lower vs. higher intake groups in 90-day 

mortality, ICU or hospital length of stay, CKRT duration, 

or duration of mechanical ventilation [130]. In contrast, 

Kritmetapak et al. [131] identified dietary protein intake 

below 0.8 g/kg/day as a predictor of mortality. In Bufarah 

et al.’s 2018 observational study [132], protein intake of 0.5 

g/kg/day or lower was identified as a predictor of in-hospi-

tal mortality. van Ruijven et al. [133] found that achieving 

a protein intake ≥1.2 g/kg/day by ICU day 4 during CKRT 

was associated with reduced mortality. The recent EFFORT 

Protein study investigated a higher protein target 1.2 g/kg/

day vs. 2.5 g/kg/day in ventilated patients with AKI. In the 

overall cohort, higher protein intake was associated with 

increased mortality. However, in the dialysis subgroup, no 

significant difference was observed, suggesting that sub-

stantial protein supplementation in CKRT patients may 

help offset dialysis-related protein losses [134]. Addition-

ally, previous studies have reported that CKRT patients 

receiving mechanical ventilation require protein intake 

up to 2.5 g/kg/day to achieve nitrogen balance and avoid 

a negative nitrogen balance [135,136]. A meta-analysis of 

four major studies (two large retrospective studies and 

two RCTs, excluding case reports and small observation-

al studies) demonstrated that insufficient protein intake 

compared to estimated requirements was associated with 

an OR of 0.74 for survival (95% CI, 0.56–0.98), confirming 

the significance of adequate protein provision. This sug-

gests that supplying protein in accordance with patient 

requirements in CKRT patients may reduce mortality by 
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26%. However, the included studies did not have standard-

ized protein intake criteria, and there was no consistent 

assessment of the timing or variations in protein adminis-

tration, indicating the need for further research in this area. 

ESPEN recommends a protein intake of 1.5–1.7 g/kg/day, 

while ASPEN suggests 2.0–2.5 g/kg/day. According to the 

2016 Japanese guidelines, non-dialysis AKI patients should 

receive 0.8–1.0 g/kg/day, whereas dialysis-dependent pa-

tients should receive 1.7 g/kg/day. The Taiwan Society of 

Nephrology recommends a protein intake of 1.2–2.0 g/kg/

day [10,127–129].

2) Calories
All patients expected to stay in the ICU for more than 48 

hours should undergo a comprehensive nutritional assess-

ment, and their nutritional requirements should be grad-

ually provided to meet their needs [126–128,137–140]. It is 

not recommended to immediately provide 100% of the es-

timated nutritional requirements. Instead, during the first 

week of ICU admission, energy intake should be gradually 

increased, typically to <20 kcal/kg/day or 80% of the esti-

mated requirement. Bufarah et al. [132] identified energy 

intake <12 kcal/kg/day as a predictor of mortality. Macias 

et al. [141] recommended a caloric intake target of 25–35 

kcal/kg/day. In CKRT patients, additional caloric contribu-

tions from dialysate and replacement solutions should be 

considered, in addition to enteral/parenteral nutrition, an-

tibiotics, and sedatives. Depending on CKRT prescription, 

these may provide an extra 200–500 kcal/day [138]. While 

citrate is not used as an anticoagulant in South Korea, its 

use would add approximately 3 kcal/kg/day and should be 

included in total energy calculation [128].

3) Vitamins and trace elements
Several observational studies have reported significant 

losses of trace elements and water- and fat-soluble vita-

mins during CKRT [142–144]. There is currently insufficient 

evidence to confirm that additional supplementation leads 

to improved survival rates. However, ESPEN recommends 

maintaining the following supplementation regimen: vi-

tamin B1 (thiamine), 100 mg/day; vitamin B2 (riboflavin), 

2 mg/day; vitamin B3 (niacin), 20 mg/day; vitamin B5 

(pantothenic acid), 10 mg/day; vitamin B6 (pyridoxine), 

100 mg/day; vitamin B7 (biotin), 200 µg/day; folic acid, 1 

mg/day; vitamin B12 (cobalamin), 4 µg/day; vitamin C, 250 

mg/day; selenium, 100 µg/day; zinc, 50 mg/day; and cop-

per, 5 mg/day [128]. Recent studies have also suggested the 

necessity of supplementing fat-soluble vitamins and addi-

tional trace elements, including: vitamin E, 20 mg/day; vi-

tamin K, 4–10 mg/day; chromium, 15 µg/day; fluoride, 0–1 

mg/day; iodine, 130 µg/day; iron, 1 mg/day; manganese, 

55 µg/day; and molybdenum, 19–25 µg/day; In addition, 

the need for carnitine supplementation has also been pro-

posed [126,137,145].

Considerations
1) Benefits and harms
In adult AKI patients receiving CKRT, inadequate protein 

provision should be avoided. Additionally, vitamins and 

trace elements should be supplemented, considering loss-

es that occur during dialysis.

2) Patients’ values and preferences
Enteral nutrition (EN) is generally preferred for patients 

with preserved consciousness and gastrointestinal func-

tion.

3) Obstacles and solutions
In patients undergoing CKRT, accurately estimating nutri-

tional requirements can be challenging. Available assess-

ment methods, including plasma albumin, prealbumin 

levels, comprehensive nutritional assessments, nitrogen 

balance studies, and indirect calorimetry, can be utilized; 

however, their advantages and limitations must be care-

fully considered. When supplementing trace elements and 

vitamins, contamination risks associated with mixing them 

into parenteral nutrition formulations should be taken into 

account. Optimal dosing, administration routes, and tim-

ing require further investigation.

4) Resources
A meta-analysis of four studies demonstrated that insuffi-

cient protein intake compared to estimated requirements 

was associated with an OR of 0.74 for mortality (95% CI, 

0.56–0.98), highlighting the importance of adequate pro-

tein provision.

Key Question 11

(P) In patients with AKI before liver transplantation, does (I) 
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performing CKRT during surgery, compared with (C) not 

performing CKRT, result in (O) differences in survival rates?

Recommendation
The application of CKRT during surgery in patients with 

AKI before liver transplantation should be individualized 

based on the patient’s severity and fluid status.

Summary of recommendation statements
1. �In patients with AKI before liver transplantation, there 

was no significant difference in posttransplant survival 

rates between the group that received CKRT during sur-

gery and the group that did not.

2. �The group that underwent CKRT during surgery had 

significantly higher severity of illness compared to the 

group that did not receive CKRT.

Strength of recommendation: Expert consensus

Rationale
AKI is one of the most common complications in patients 

with end-stage liver disease. If AKI is not appropriately 

treated or does not respond to treatment, it may progress 

to HRS. The only treatment that can improve long-term 

survival in HRS is liver transplantation. However, pretrans-

plant kidney dysfunction can impact posttransplant sur-

vival and the occurrence of complications. Approximately 

13%–20% of liver transplant recipients experience AKI be-

fore transplantation [146,147]. Patients who are already re-

ceiving RRT before transplantation or those at high risk of 

fluid overload, portal hypertension, and pulmonary edema 

at the time of transplantation may undergo intraoperative 

CKRT. Intraoperative CKRT facilitates fluid management, 

removal of metabolic waste products such as uremic tox-

ins, and correction of electrolyte imbalances. Additionally, 

it helps alleviate the hemodynamic burden associated 

with reperfusion [148,149]. Despite these advantages, clear 

criteria for the application of intraoperative CKRT in this 

patient group have not yet been established.

In this clinical guideline, recent literature on this patient 

group was analyzed to evaluate the efficacy of intraoper-

ative CKRT during liver transplantation. A total of six ob-

servational studies and one pilot RCT were reviewed. The 

analysis revealed no significant difference in survival rates 

between the group that received intraoperative CKRT and 

the group that did not (Supplementary Fig. 3. KQ11; avail-

able online). The pilot RCT was prematurely terminated 

due to difficulties in patient enrollment and showed no 

significant differences in mortality or perioperative com-

plications between the two groups [150]. A meta-analysis 

of retrospective observational studies, categorized based 

on follow-up duration, was conducted to assess survival 

rates. The results showed a trend towards higher survival 

rates in the control group compared to the intraoperative 

CKRT group at 30 and 90 days; however, these differences 

were not statistically significant. In contrast, at the 1-year 

follow-up, survival rates were significantly lower in the 

CKRT group [151–156]. However, the treatment group had 

significantly higher severity indicators compared to the 

control group, including the Model for End-Stage Liver 

Disease (MELD) score, vasopressor requirements, and 

preoperative ICU admission rates. Notably, according to a 

domestic study that carried the highest weight in the me-

ta-analysis, the group that underwent intraoperative CKRT 

had significantly higher MELD scores, preoperative renal 

failure rates, mechanical ventilation requirements, and ICU 

admission rates. Consequently, this group demonstrated 

poorer outcomes in terms of patient survival, graft survival, 

renal function recovery, and postoperative complications. 

However, the CKRT group experienced significantly lower 

rates of fluid overload after surgery and excessive sodium 

fluctuations during the procedure [8]. Meanwhile, when 

comparing patients who underwent intraoperative CKRT 

as an emergency intervention during surgery with those 

who received planned CKRT preoperatively, the emergen-

cy CKRT group showed significantly higher mortality rates, 

longer hospital stays, and increased incidence of severe 

postoperative complications [152,154].

Due to the limitations of observational studies, including 

the high risk of selection bias and confounding variables, 

the following expert consensus recommendation is pro-

vided: Intraoperative CKRT may be considered for patients 

requiring RRT before liver transplantation, those expected 

to have significant fluid overload and high transfusion re-

quirements, and patients with high vasopressor demands 

or requiring mechanical ventilation. Further prospective 

studies are needed to gather more robust evidence and es-

tablish appropriate indications for this therapy.

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf


Lee, et al. CKRT clinical practice guideline

S31www.krcp-ksn.org

Considerations
1) Benefits and harms
In patients with AKI before liver transplantation, per-

forming intraoperative CKRT offers advantages over not 

performing it in terms of fluid management, electrolyte 

balance, and the removal of ammonia, lactate, and uremic 

toxins. However, it also increases the risk of catheter-re-

lated bleeding and infections, while requiring additional 

human and material resources, leading to increased costs.

2) Patients’ values and preferences
From the patient’s perspective, there is generally no specif-

ic value or preference regarding the use of intraoperative 

CKRT. Instead, the decision to implement this treatment is 

typically based on the medical judgment of healthcare pro-

fessionals.

3) Obstacles and solutions
No significant barriers are anticipated in applying this rec-

ommendation in clinical practice.

4) Resources
CKRT is a readily available resource in medical institutions 

currently performing liver transplantation in the country.

Key Question 12

(P) In acute brain injury patients with concurrent AKI, 

does (I) CKRT provide more favorable (O) outcomes for the 

patient (including intracranial pressure [ICP] control, renal 

function recovery, and mortality) compared to (C) IHD?

Recommendation
In acute brain injury patients who develop AKI requiring 

RRT, CKRT may be prioritized based on the patient’s clini-

cal condition and circumstances.

Summary of recommendation statements
1. �In patients with acute brain injury and concurrent AKI, 

small-scale studies have shown that CKRT results in low-

er fluctuations in ICP and more stable cerebral perfusion 

pressure (CPP) compared to IHD.

2. �CKRT may offer advantages over IHD in terms of renal 

function recovery, based on available evidence.

Strength of recommendation: Expert consensus

Rationale
Acute brain injury can occur due to various causes, includ-

ing acute ischemic stroke, traumatic brain injury, cerebral 

hemorrhage, encephalitis, hypoxic-ischemic brain injury, 

brain tumors, and others. In critically ill patients with con-

current acute brain injury, both neurological and non-neu-

rological complications become important factors deter-

mining the prognosis [157]. In patients with acute brain 

injury, multiple organ dysfunction can occur, with AKI 

being one of them [158]. In neurocritical care patients, the 

occurrence of AKI has been reported to be approximately 

11%, irrespective of the specific type of brain injury [159]. 

However, when considering the frequency according to 

the type of acute brain injury, it has been reported to vary 

as follows: 9.2% for traumatic brain injury [160], 14.5% to 

20.9% for acute ischemic stroke [161,162], 19% for cerebral 

parenchymal hemorrhage [163], and 12% to 23.1% for sub-

arachnoid hemorrhage [164,165].

In acute brain injury patients, the etiology of concurrent 

AKI varies depending on the type of brain injury [166]. 

Traumatic brain injury is associated with AKI primarily 

due to trauma-induced bleeding, rhabdomyolysis, sep-

sis, excessive sympathetic nervous system activation, and 

drug-induced acute interstitial nephritis [167]. Subarach-

noid hemorrhage patients commonly experience AKI due 

to sepsis, hypernatremia, hyperchloremia, contrast-in-

duced nephropathy, and drug-induced acute interstitial 

nephritis [168,169]. In patients with ischemic stroke or 

cerebral parenchymal hemorrhage, AKI typically arises 

from reduced renal perfusion, sepsis, contrast-induced 

nephropathy, and drug-induced acute interstitial nephritis 

[170,171].

In the presence of AKI, clinical symptoms such as ele-

vated urea levels, electrolyte imbalances, metabolic aci-

dosis, and fluid overload can manifest, with their severity 

typically corresponding to the degree of renal impairment 

[172]. Therefore, severe cases of AKI may necessitate RRT, 

offering options like IHD and CKRT. IHD relies on diffusion 

to rapidly remove waste solutes and excess fluids over sev-

eral hours, addressing metabolic acidosis and electrolyte 

imbalances. In contrast, CKRT employs both diffusion and 

convection methods, gradually eliminating solutes and flu-

ids over a 24-hour period, effectively managing acid-base 

disturbances and electrolyte abnormalities [173]. Conse-

quently, CKRT provides greater hemodynamic stability 
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compared to IHD, leading to a more gradual changes in 

solute concentrations in the bloodstream [174]. Therefore, 

reports indicate that the application of continuous RRT 

in patients with concomitant brain injury facilitates ICP 

control and maintains stable cerebral blood flow and CPP, 

thereby offering the advantage of preventing secondary 

brain injury in the majority of patients [175,176]. In patients 

with AKI and hepatic encephalopathy due to fulminant 

hepatic failure, those receiving IHD showed a significant 

increase in ICP from 9 ± 1.4 mmHg to 13 ± 1.8 mmHg with-

in the first hour, and a decrease in mean arterial pressure 

(MAP) from 92.4 ± 2.7 mmHg to 81 ± 3.2 mmHg, leading to 

up to a 30% reduction in CPP. Conversely, patients treated 

with CKRT, despite higher baseline ICP (19 ± 4.8 mmHg) 

and lower MAP (66 ± 3.6 mmHg), exhibited no significant 

changes in ICP, MAP, or CPP during treatment [177]. In 

response to these findings, the Clinical Guidelines Com-

mittee aimed to recommend suitable dialysis modalities 

and establish the supporting evidence for cases where RRT 

is necessary in acute brain injury patients with concurrent 

AKI. The goal was to potentially enhance patient outcomes, 

encompassing ICP management, renal function recovery, 

and mortality.

The Clinical Guidelines Committee conducted a search 

on September 21, 2023, utilizing Ovid MEDLINE, EMBASE, 

Cochrane Library, and KMBASE to address the core ques-

tions. A total of 211 research papers were identified. After 

eliminating duplicates, 186 references were screened, and 

10 full-text articles were assessed. Ultimately, a single ret-

rospective observational study was selected [178]. A study 

conducted in Taiwan reported that in patients with con-

current traumatic intracranial hemorrhage and AKI, CKRT 

demonstrated superior outcomes in terms of renal func-

tion recovery compared to IHD. The risk of dialysis depen-

dency was significantly lower in the CKRT group compared 

to the IHD group (95% CI, 0.158–0.858; p = 0.034) [178]. 

Subsequently, expert consensus recommendations were 

formulated by comprehensively analyzing the relevant data 

pertaining to the key questions.

During IHD, various blood constituents, including so-

dium and other osmotically active particles, are rapidly 

removed from the bloodstream. However, due to the pres-

ence of the blood-brain barrier, the clearance of these 

particles from the brain occurs at a relatively slower rate. 

This discrepancy creates an osmotic gradient between the 

serum and the cerebral extracellular environment, leading 

to the diffusion of water into the brain. Consequently, ICP 

increases, potentially resulting in dialysis disequilibrium 

syndrome and cerebral edema [179,180]. Furthermore, 

IHD may be linked to a higher incidence of intradialytic 

hypotension compared to CKRT. Intradialytic hypotension 

can reduce CPP, triggering compensatory cerebral vasodi-

lation and subsequently raising ICP [181,182]. Therefore, in 

acute brain injury patients with elevated ICP, CKRT offers 

greater stability with reduced fluctuations in both ICP and 

CPP compared to IHD [183–185]. However, a case report 

noted that ICP increased even in a 13-year-old female pa-

tient undergoing CKRT. Based on the collective evidence, 

a systematic review and meta-analysis reported that CKRT 

reduces both the incidence of ICP elevation and mortality 

compared to IHD in patients with end-stage kidney disease 

and acute brain injury [186]. Moreover, when IHD is the 

only viable option for end-stage renal disease patients with 

concurrent acute brain injury, it is recommended to miti-

gate hemodynamic instability by minimizing fluctuations in 

effective blood volume through the utilization of a high-so-

dium concentration and cooled dialysate [175,187]. In addi-

tion, for patients with existing intracranial hemorrhage or a 

significant bleeding tendency, an anticoagulant-free CKRT 

protocol is advised. Close collaboration with a nephrology 

specialist is mandatory in these scenarios.

When AKI occurs in acute brain injury patients, requiring 

RRT, the clinical evidence supporting the selection of the 

appropriate dialysis modality to improve patient outcomes 

relies primarily on a single retrospective observational 

study. Nevertheless, when considering the mechanisms of 

action and research findings involving both IHD and CKRT 

in end-stage renal disease patients, CKRT is anticipated to 

be more advantageous for patient outcomes than employ-

ing IHD.

Considerations
1) Benefits and harms
When AKI accompanies acute brain injury, there is a lack 

of direct evidence to support the selection of the most 

beneficial RRT for improving patient outcomes. However, 

studies have reported favorable outcomes when applying 

CKRT in end-stage renal disease patients with concurrent 

acute brain injury. Therefore, it is anticipated that the use 

of CKRT is more advantageous for patient outcomes com-
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pared to IHD. Nevertheless, the decision should be based 

on a comprehensive assessment of the patient’s clinical 

condition.

2) Patients’ values and preferences
While there may be variability in values and preferences 

due to the patient’s severity, there is insufficient available 

evidence. Therefore, it is necessary to make medical judg-

ments based on the patient’s clinical condition and consid-

er individualized treatment.

3) Obstacles and solutions
CKRT is a costly medical intervention. Hence, when con-

sidering its application, shared decision-making with the 

patient and caregivers is crucial. Additionally, it is essential 

to consider the expertise, equipment, facilities, and man-

agement capabilities available within each healthcare in-

stitution.

4) Resources
The application of CKRT can place an additional burden 

on healthcare professionals in the clinical setting and lead 

to increased healthcare costs for patients. Therefore, de-

cisions regarding its use should be made based on the pa-

tient’s severity of illness and clinical condition.

Key Question 13

(P) In patients receiving ECMO, does (I) the use of CKRT 

improve (O) patient outcomes, compared to (C) not using 

CKRT?

Recommendation
We cannot decide whether or not CKRT should be used in 

patients on ECMO who have not developed AKI due to the 

very low level of evidence.

Summary of recommendation statements
1. �In patients undergoing ECMO, the use of CKRT resulted 

in higher mortality rates and lower ECMO weaning rates 

compared to not using CKRT. Additionally, both ECMO 

duration and length of hospital stay were longer.

2. �However, it is worth noting that most of the available ev-

idence comes from retrospective cohort studies, and the 

analysis primarily focused on assessing the frequency of 

CKRT (for treating AKI) as part of ECMO complications 

rather than conducting direct comparisons between 

CKRT and non-CKRT groups.

3. �Therefore, until additional evidence becomes available, 

an individualized approach based on the patient’s clin-

ical condition is advisable, especially for patients who 

have not developed AKI.

Evidence level: Very low
Strength of recommendation: I (Inconclusive)

Rationale
ECMO is a form of life-support therapy and its use has been 

increasing worldwide each year [174]. ECMO can assist 

cardiac or pulmonary function through an extracorporeal 

circulation technique in patients with severe heart failure 

or acute respiratory failure refractory to standard therapy. 

However, AKI is quite common in ECMO patients, and 

CKRT is often applied to patients with fluid overload. The 

application of CKRT solely for fluid balance in the absence 

of clear evidence of AKI raises concerns regarding the po-

tential overuse of limited medical resources. This clinical 

practice guideline was developed to determine whether the 

use of CKRT in critically ill patients receiving ECMO im-

proves clinical outcomes, and to provide practical support 

for healthcare professionals in making informed clinical 

decisions about whether to implement CKRT concurrently 

in patients undergoing ECMO.

In accordance with our literature search strategy, we 

identified a total of 4,327 articles, excluding duplicates, 

from the initial pool of 4,381 articles. Subsequently, we 

conducted a screening process based on titles and ab-

stracts, selecting 120 articles for further evaluation. Upon 

reviewing the full texts and applying our predefined inclu-

sion and exclusion criteria, we ultimately narrowed down 

our selection to 44 articles. All 44 papers are cohort studies, 

with one of them being a prospective study [188]. The one 

prospective study was conducted in a pediatric population 

[189].

A total of 44 studies reported mortality rates, with hos-

pital mortality rates reported in 36 papers [189–224]. The 

remaining studies reported mortality rates at 30 days [225], 

90 days [226], and 6 months [188], each in one study. Addi-

tionally, 1-year mortality rates were reported in two studies 

[227,228], and ICU mortality rates were reported in three 

studies [229–231]. The pooled RR for mortality in the CKRT 
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group, compared to the non-CKRT group, was 1.83 (95% 

CI, 1.64–2.03) (Supplementary Fig. 3. KQ13; available on-

line).

The rate of ECMO weaning was reported in two stud-

ies [199,211], and the rate was lower in the CKRT group, 

compared to the non-CKRT group (RR, 0.79; 95% CI, 

0.69–0.90). ECMO duration was reported in five studies 

[198,199,211,219,229] and was significantly longer in the 

CKRT group, compared to the non-CKRT group (MD, 1.66; 

95% CI, 0.23–3.08). The length of hospital stay was reported 

in two studies [198,211] and was longer in the CKRT group, 

compared to the non-CKRT group (MD, 4.86; 95% CI, 0.12–

9.59).

However, it is worth noting that most of the studies were 

retrospective cohort studies, and there were insufficient 

direct comparative studies between the CKRT group and 

non-CKRT group. In most of the studies, CKRT was initi-

ated due to the progression of AKI, and only simple com-

parisons in the frequency of CKRT were made between the 

survival and non-survival groups. Consequently, it is highly 

likely that the CKRT group had a higher severity, compared 

to the non-CKRT group, reducing the comparability be-

tween the two groups. As a result, although the implemen-

tation of CKRT may be necessary in patients on ECMO who 

have developed AKI for fluid management, metabolic aci-

dosis treatment and etc., we could not decide whether the 

treatment should be used in patients on ECMO who have 

not developed AKI.

The primary outcome measure was the mortality rate. 

However, because all 44 selected studies were cohort stud-

ies, we downgraded by one step due to the ‘risk of bias’ 

domain. Additionally, due to concerns regarding ‘indi-

rectness’ and ‘imprecision’, we downgraded by one step 

in each domain. Based on these factors, the overall level 

of evidence for this clinical question was assessed as ‘very 

low.’

Considerations
1) Benefits and harms
In patients receiving ECMO who are at high risk of fluid 

overload or currently present with pulmonary edema or 

fluid overload, the concurrent use of CKRT may be bene-

ficial for maintaining fluid balance. However, the require-

ment for additional catheter insertion or connection can 

increase the risk of complications, including disturbances 

in blood flow, thrombosis, hemolysis, and infection. In 

order to properly evaluate the effectiveness of concurrent 

CKRT in patients receiving ECMO, prospective RCTs or 

severity-adjusted comparative studies are required. It is 

important to note that a significant portion of the literature 

included in this analysis reported the use of CKRT during 

ECMO treatment. This suggests that the CKRT group had 

a higher severity, compared to the non-CKRT group, po-

tentially resulting in less favorable treatment outcomes. 

Therefore, considering there is insufficient evidence, the 

decision on the use of CKRT in ECMO patients without AKI 

should be based on comprehensive evaluation of the pa-

tient’s clinical status and prognosis.

2) Patients’ values and preferences
CKRT is considered an essential therapeutic modality for 

patients in the ICU who are experiencing conditions such 

as acid-base imbalances, oliguria, fluid overload, and AKI. 

However, it is worth noting that CKRT, like ECMO, is also 

a high-cost therapeutic modality. Both ECMO and CKRT 

are reserved for severely ill patients in the ICU, which may 

limit patient autonomy in the decision-making process. 

Considering the current lack of strong evidence regarding 

the combined use of ECMO and CKRT, it is advisable to 

make decisions based on a comprehensive assessment of 

the patient’s condition and prognosis rather than routinely 

implementing CKRT in ECMO patients.

3) Obstacles and solutions
ECMO and CKRT are both treatments that involve signifi-

cant medical expenses. Therefore, it is essential for health-

care personnel to engage in comprehensive discussions 

with patients and their caregivers regarding the decision 

to proceed with CKRT. Furthermore, it is necessary to fully 

consider the personnel, equipment, and facilities available 

at each healthcare institution.

4) Resources
Providing CKRT to ECMO patients can place additional 

demands on healthcare personnel and may potentially 

increase the patient’s medical costs, even if they have med-

ical insurance coverage. In particular, in situations where 

there is a large surge in critically ill patients, the efficient 

distribution of healthcare resources becomes highly cru-

cial. To accomplish this, treatment decisions should be 

https://www.krcp-ksn.org/upload/media/j-krcp-25-353-Supplementary-Fig-3.pdf
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based on a careful consideration of the patient’s severity of 

illness and their expected outcomes.

Key Question 14

(P) In patients undergoing ECMO, does (I) the concurrent 

use of CKRT from the beginning improve the (O) patient’s 

prognosis, compared to (C) initiating CKRT when the indi-

cations are met?

Recommendation
The decision to initiate CKRT early (concurrently) in pa-

tients undergoing ECMO treatment is deferred.

Summary of recommendation statements
1. �In patients undergoing ECMO, the early initiation of 

CKRT (within 72 hours of ECMO initiation) did not show 

significant differences compared to its delayed initia-

tion in terms of mortality rates, lengths of hospital stay, 

ECMO weaning rates, or fluid balance. However, it is 

crucial to note that the existing literature is quite limited, 

and the number of included patients is small, indicating 

the need for further research in the future.

2. �There is insufficient evidence to suggest that perform-

ing CKRT alongside ECMO treatment improves survival 

rates and other outcomes in patients without accompa-

nying AKI.

Evidence level: Very low
Strength of recommendation: I (Inconclusive)

Rationale
ECMO is a form of life-support therapy and its use has 

been increasing worldwide each year [232]. ECMO can 

assist cardiac or pulmonary function through an extracor-

poreal circulation technique in patients with severe heart 

failure or acute respiratory failure refractory to standard 

therapy. However, AKI is quite common in ECMO patients, 

and CKRT is often applied to those patients to address 

fluid overload. In accordance with our literature search 

strategy, we identified a total of 4,327 articles, excluding 

duplicates, from the initial pool of 4,381 articles. Subse-

quently, we conducted a screening process based on titles 

and abstracts, selecting 120 articles for further evaluation. 

Upon reviewing the full texts and applying our predefined 

inclusion and exclusion criteria, we ultimately narrowed 

down our selection to three articles. Among these, one is a 

RCT [233], another is a retrospective cohort study conduct-

ed across three institutions that applied propensity score 

matching [234], and the remaining one is a single-center 

retrospective cohort study [235].

A total of two studies reported hospital mortality rates. 

The single-center pilot study (RCT) included 41 veno-ar-

terial (VA) ECMO patients who were randomly allocated 

into two groups: the early CKRT group (initiated within 

<12 hours of ECMO) and the standard treatment group 

(i.e., CKRT initiated upon meeting criteria). The hospital 

mortality rates were 11/21 (52.4%) and 14/20 (70.0%) in the 

early CKRT and the standard treatment group, respectively, 

with no significant difference between the two groups (p = 

0.340) [233]. In the retrospective cohort study conducted 

across three institutions, a total of 296 patients receiving 

VA or veno-venous ECMO underwent CKRT based on 

their fluid balance status. Propensity score matching was 

applied to compare 47 patients in the early CKRT group 

(initiated within 1.1 ± 0.9 days) with 47 patients in the late 

CKRT group (initiated within 14.6 ± 18.6 days). The hospi-

tal mortality rates were 28/47 (59.6%) and 27/47 (57.4%) 

in the early CKRT and the late CKRT groups, respectively, 

with no significant difference between the two groups (p = 

0.834) [234].

The length of hospital stay was reported in the two stud-

ies. In the RCT, the median length of hospital stay was 20.5 

days (interquartile range [IQR], 15.8–29.3 days) and 18.5 

days (IQR, 9.5–26.3 days) in the early CKRT and standard 

treatment groups (i.e., CKRT initiated upon meeting cri-

teria), respectively, with no significant difference between 

the two groups (p = 0.34) [233]. In the retrospective cohort 

study across three institutions, utilizing propensity score 

matching, the early CKRT group (47 patients) and the late 

CKRT group (47 patients) had a hospital stay of 49.6 ± 70.5 

days and 43.8 ± 38.2 days, respectively, with no significant 

difference between the two groups (p = 0.627) [234].

ECMO weaning rates were reported in two studies, one 

being an RCT [233], and the other a single-institution retro-

spective cohort study [235]. In the RCT, the ECMO weaning 

rates were 14/21 (66.7%) and 10/20 (50.0%) in the early 

CKRT and the standard treatment group (i.e., CKRT initiat-

ed upon meeting criteria), respectively, with no significant 

difference between the groups (p = 0.35) [233]. The retro-

spective cohort study, conducted at a single institution, fo-
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cused on 15 VA ECMO patients with stage 3 AKI according 

to the Acute Kidney Injury Network (AKIN) criteria. In this 

study, the ECMO weaning rates for the early CKRT group 

(within <24 hours of AKI) and the late CKRT group were 

3/8 (37.5%) vs. 2/7 (28.6%), respectively, with no significant 

difference between the groups (p = 0.58) [235].

Fluid balance was assessed in two studies, one being an 

RCT [233], and the other a retrospective cohort study con-

ducted across three institutions [234]. In the RCT, which 

compared the early CKRT group (21 patients) with the 

standard treatment group (20 patients), the median third-

day fluid balance was –1,510 mL (IQR, –3,560 to 1,162 mL) 

and –332 mL (IQR, –2,027 to 2,180 mL), respectively. Al-

though the early CKRT group showed a slightly lower (more 

negative) fluid balance, there was no statistically significant 

difference (p = 0.38) [233], In the retrospective cohort study 

across three institutions, where propensity score matching 

was used to compare the early CKRT group (47 patients) 

with the late CKRT group (47 patients), the third-day fluid 

balance was 108.3 ± 94.6 mL/kg and 104.8 ± 110.0 mL/kg, 

respectively, with no significant difference between the 

groups (p = 0.868) [234].

The RCT and the retrospective cohort study performed 

in three institutions were reasonably aligned with the main 

research questions, and their comparisons between the 

two groups were appropriate. However, the remaining 

single-institution retrospective cohort study focused on 

patients with preexisting AKI (AKIN stage 3) before ECMO 

initiation, which may not be directly relevant to the pri-

mary research questions. For reporting hospital mortality 

rates and length of hospital stay, both the RCT and the 

retrospective cohort study were assessed as having very 

low-quality evidence in the domains of ‘inconsistency’ and 

‘imprecision.’ Likewise, in terms of ECMO weaning rates 

and fluid balance, the evidence quality was also assessed 

as very low due to inconsistency and imprecision.

Considerations
1) Benefits and harms
In ECMO patients, early CKRT may help effectively manage 

fluid balance, AKI, and acid-base disturbances. Converse-

ly, delayed initiation of CKRT allows sufficient time for nat-

ural kidney recovery. While some studies have suggested 

the possibility that early CKRT may aid in maintaining fluid 

balance [233], there remains insufficient evidence regard-

ing the overall effectiveness of CKRT in ECMO patients. It 

is crucial to consider the risks associated with additional 

catheter insertion or connections, as well as potential 

complications such as hemolysis, clotting, infection, and 

disruptions to ECMO blood flow. It is uncertain to assess 

the risk and benefit due to the insufficient evidence of cur-

rently evaluated studies. Therefore, we conclude that the 

assessment of the benefit and harm of early vs. late CKRT is 

difficult, and more evidence is needed.

2) Patients’ values and preferences
CKRT can be considered an essential therapeutic modality 

for patients in ICUs, addressing issues such as acid-base 

imbalances, fluid overload, and AKI. However, it is im-

portant to acknowledge that, like ECMO, CKRT is also a 

high-cost therapeutic modality. Both ECMO and CKRT 

are reserved for severely ill patients in the ICU, which may 

limit patient autonomy in the decision-making process. 

Considering the limited evidence regarding the combined 

use of ECMO and CKRT, it is essential to base decisions on 

a comprehensive assessment of the patient’s condition and 

prognosis.

3) Obstacles and solutions
ECMO and CKRT are both treatments that involve signifi-

cant medical expenses. Therefore, it is essential for health-

care personnel to engage in comprehensive discussions 

with patients and their caregivers regarding the decision to 

proceed with CKRT. Furthermore, it is necessary to thor-

oughly consider the personnel, equipment, and facilities 

available at each healthcare institution. The establishment 

of a well-structured care system, such as a dedicated team 

consisting of nurses or perfusionists capable of simulta-

neously managing ECMO and CKRT, as well as a multidis-

ciplinary collaboration system involving nephrology and 

critical care medicine, can help overcome barriers to CKRT 

implementation and promote the delivery of appropriate 

care.

4) Resources
Providing CKRT to ECMO patients can place additional 

demands on healthcare personnel and may potentially 

increase the patient’s medical costs, even if they have med-

ical insurance coverage. In particular, in situations where 

there is a large surge in critically ill patients, the efficient 
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distribution of healthcare resources becomes highly cru-

cial. To accomplish this, treatment decisions should be 

based on a careful consideration of the patient’s severity of 

illness and their expected outcomes.

Key Question 15

(P) In pediatric patients with fluid overload due to AKI, is (I) 

early initiation of CKRT effective in improving (O) clinical 

outcomes compared to (C) late initiation of CKRT?

Recommendation
Early initiation of CKRT is recommended for pediatric pa-

tients with fluid overload due to AKI.

Summary of recommendation statements
1. �In studies comparing the survivors and non-survivors of 

critically ill pediatric patients who received CKRT, CKRT 

was initiated at a lower level of fluid overload in the sur-

vivors.

2. �There is some evidence that early removal of fluid over-

load may be associated with a reduced risk of mortality.

3. �The degree of fluid overload at which CKRT should be 

initiated depends on the target patient population.

4. �There are no studies comparing pediatric patients with 

adults, and there are no RCTs (only observational stud-

ies), so the evidence remains inconclusive.

Strength of recommendation: Expert consensus

Rationale
Since the introduction of CKRT in the 1980s, CKRT has 

become an integral part of the treatment of critically ill pe-

diatric patients [236]. AKI in critically ill pediatric patients 

is directly associated with increased mortality, and fluid 

overload in AKI is also one of the independent prognostic 

factors for mortality in critically ill pediatric patients treat-

ed in pediatric ICUs [237].

Although the use of CKRT in critically ill pediatric pa-

tients has increased significantly, the optimal timing of 

CKRT initiation in AKI remains undefined. Currently, the 

timing of CKRT initiation in AKI is left to the discretion 

of clinicians at each center and is often based on the se-

verity of clinical features such as fluid overload, uremia, 

electrolyte imbalance, and severe acidosis. The 2012 AKI 

KDIGO guidelines recommended immediate initiation 

of CKRT in patients with life-threatening fluid accumula-

tion, electrolyte, and acid-base imbalances, but otherwise 

recommended that initiation should be based on clinical 

presentation and not solely on blood urea and creatinine 

levels [238]. As a pediatric consideration, they noted that 

several studies have suggested that fluid overload is likely 

an important factor associated with pediatric mortality in 

AKI, but there is not yet strong evidence to assess this rela-

tionship [237–243].

Our systematic review identified a total of 18 studies on 

early initiation and outcomes of CKRT in pediatric patients, 

including the studies mentioned by KDIGO, all of which 

were observational studies and none of which were RCTs. 

In these 18 studies, meta-analysis was limited by heteroge-

neity in populations, inclusion criteria, and comparators 

across studies, but as noted by 2012 AKI KDIGO guidelines, 

in critically ill pediatric patients undergoing CKRT, when 

comparing survivors and non-survivors, it is reasonable to 

assume that early fluid removal would reduce the risk of 

mortality, given that CKRT is initiated when the degree of 

fluid overload is lower in the survivors [237–241,243–257]. 

The degree of fluid overload that significantly differentiated 

the survivors from the non-survivors in each study varied 

from 10% to 30%, so there is no single threshold for the de-

gree of fluid overload that can be used as an indication to 

start CKRT. Taken together, these findings suggest that the 

tolerable level of fluid overload may vary depending on the 

patient population.

Considerations
1) Benefits and harms
The timing of initiation of CKRT in critically ill pediatric 

patients is thought to have benefits that outweigh harms, 

as early initiation of CKRT before severe fluid overload may 

reduce the risk of mortality. However, the threshold of fluid 

overload to define “early” has not been established, as it 

varies from study to study.

2) Patients’ values and preferences
Patients do not have a specific preference for the timing of 

CKRT, and the choice of when to start CKRT in the treat-

ment of critically ill pediatric patients is usually based on 

the medical judgment of the healthcare provider.
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3) Obstacles and solutions
For pediatric patients, the equipment and trained phy-

sicians required for CKRT are essential, but availability 

varies by institution. For early CKRT, domestic tertiary care 

centers that treat critically ill children may need physicians 

and equipment support.

4) Resources
Early CKRT initiation does not necessarily result in higher 

costs, as early CKRT can shorten the duration of CKRT and 

ICU stay. Therefore, cost should not be a deterrent to early 

CKRT.

Key Question 16

(P) In patients on CKRT, does (I) nephrologist consultation 

improve (O) outcomes such as survival and complication 

rates compared to (C) not seeing a nephrologist?

Recommendation
In adult patients (≥18 years of age) on CKRT, referral to a 

nephrologist is recommended to improve prognosis.

Summary of recommendation statements
There are reports of significantly lower 30-day mortality in 

patients who were advised by a nephrologist after starting 

CKRT compared to patients in the non-consultation group.

Strength of recommendation: Expert consensus

Rationale
Although advances in RRT and critical care management 

by multidisciplinary teams have significantly improved 

the survival of patients with AKI in the ICU, the prognosis 

of patients requiring CKRT for severe AKI remains poor 

[258–260]. Just as early management and referral to a ne-

phrologist in patients with CKD can preserve residual renal 

function and improve patient outcomes [261,262], it has 

been reported that nephrologist involvement in severe 

AKI can improve patient survival [263,264]. In our review 

of existing guidelines for CKRT, we found no high-quality 

evidence, including randomized clinical trials, and one ob-

servational study [265] published in 2023 that analyzed the 

association of receiving advice from a nephrologist before 

and after CKRT with appropriate treatment initiation and 

maintenance with patient survival. The observational study 

reported that when comparing mortality at 30 days after 

CKRT initiation, the mortality rate was statistically signifi-

cantly lower in the consultation group (64.1%) compared 

to the non-consultation group (86.1%) (hazard ratio [HR], 

0.47; 95% CI, 0.40–0.56; p < 0.001) [265]. Furthermore, when 

patients were stratified into early and delayed consultation 

groups based on the median time of specialist consultation 

(10 hours), the early consultation group had approximately 

5% lower mortality after CKRT than the delayed consulta-

tion group (HR, 0.45 [95% CI, 0.37–0.54] vs. HR, 0.51 [95% 

CI, 0.42–0.61], respectively) [8]. This may suggest that ear-

lier consultation may contribute to improved survival after 

CKRT initiation, and consequently, multidisciplinary care, 

including consultation with a nephrologist, may be recom-

mended when CKRT is indicated in patients with severe 

AKI.

Considerations

1) Benefits and harms
There have been no RCTs of nephrologist consultation in 

patients on CKRT, so it is not possible to definitively state 

the benefits or harms of specialist consultation in terms 

of improved outcomes such as survival and complication 

rates. However, given the suggested mortality benefit of 

seeking the advice of a nephrologist, as evidenced by the 

individual observational studies reviewed above, we be-

lieve that the benefits outweigh the expected harms.

2) Patients’ values and preferences
Because the decision to consult with a nephrologist is typ-

ically based on the medical judgment of the healthcare 

provider, it is not meaningful to address patient values and 

preferences in this recommendation. However, multidis-

ciplinary care that includes nephrologist consultation is 

expected to be consistent with patient values and prefer-

ences.

3) Obstacles and solutions
We do not believe there are any barriers to implementing 

this recommendation in practice, but consideration should 

be given to the cost of staffing and consultation by medical 

staff, including nephrologists.
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Key Question 17

(P) In patients receiving CKRT, does (I) a specialized or 

multidisciplinary team approach improve (O) clinical out-

comes such as patient survival, filter lifespan compared 

with (C) no specialized team approach?

Recommendation
To improve filter lifespan and to reduce downtime in criti-

cally ill patients requiring CKRT, a specialized or multidis-

ciplinary team approach tailored to the situation of institu-

tions can be suggested.

Summary of recommendation statements
1. �In critically ill patients requiring CKRT, a specialized or 

multidisciplinary team approach may improve the filter 

lifespan and reduce the downtime of CKRT.

2. �There is a lack of evidence that a specialized or multidis-

ciplinary team approach reduces the risk of mortality of 

critically ill patients requiring CKRT.

3. �The benefit of a specialized or multidisciplinary team 

approach in critically ill patients requiring CKRT should 

be further evaluated in prospective RCTs.

4. �Considering the possible intangible benefits of a special-

ized or multidisciplinary team approach, it is possible to 

suggest a specialized team approach based on cost-ef-

fectiveness considerations.

Strength of recommendation: Expert consensus

Rationale
CKRT has played an important role in the treatment of 

critically ill patients. Nevertheless, the survival outcomes 

of critically ill patients requiring CKRT remain low. Appro-

priate anticoagulation therapy and filter changes, mainte-

nance of dose, and surveillance for electrolyte imbalances 

are thought to help improve the survival rate in these 

patients [266]. With this background, some institutions 

in Korea have started CKRT specialized team approach. 

While specialized team approach varies from institution to 

institution, setting up teams including healthcare workers 

involved in CKRT, organizing training programs, establish-

ing protocols and quality control were similar.

In this guideline, we reviewed six retrospective cohort 

studies from single centers to examine whether a spe-

cialized team approach in critically ill patients initiating 

CKRT is beneficial for patient outcomes including survival 

rate, filter lifespan, etc. For the CKRT specialized team ap-

proach, Korean hospitals have made teams of clinicians—

mainly from the divisions of nephrology, pediatric nephrol-

ogy, and critical care—and nursing staff to operate CKRT 

machines. Nursing staff included in the CKRT specialized 

team in Korea were solely responsible for CKRT operations. 

In other countries, even cardiologists, cardiac surgeons, 

nutritionists, pharmacists, bioinformatics specialists, and 

CKRT machine technicians were included in the form of a 

multidisciplinary team.

A single-center Korean study of 551 adult patients un-

dergoing CKRT for AKI reported a significantly lower risk 

of 28-day mortality, significantly less downtime and fewer 

filters after the CKRT specialized team approach [267]. 

Additional analysis of 1:1 matched 334 adult patients initi-

ating CKRT for AKI at the same institution similarly report-

ed a lower risk of 28-day and 90-day mortality in patients 

after the initiation of a CKRT specialized team approach. 

Although this study did not show a benefit in increased 

filter lifespan, downtime was significantly reduced in pa-

tients following CKRT specialized team approach [268]. 

However, in a study of pediatric patients undergoing CKRT 

at the same institution, there was no clinical improvement 

following the implementation of a specialized CKRT team 

approach [269].

In another single-center study in South Korea of 1,104 

adult patients undergoing CKRT, patients with a CKRT 

specialist team had significantly longer filter lifespan and 

reduced downtime. The CKRT specialized team approach 

was also associated with a reduced risk of death but did not 

lower the risk of death during CKRT [270].

A United States study of 1,185 adult patients on CKRT be-

fore and after a phased implementation of CKRT quality im-

provement based on the multidisciplinary team approach 

found increased filter lifespan and fewer alarms from CKRT 

machines after quality improvement [271]. However, a sin-

gle-center Japanese study comparing 540 adults undergo-

ing CKRT before and after a multidisciplinary team did not 

show a significant clinical benefit [272].

To date, no randomized trials of the CKRT specialized or 

multidisciplinary team approach have been conducted. In 

addition, the retrospective studies that have been conduct-

ed so far are all single-center studies, and the elements of 

the CKRT team approach and related protocols vary by in-
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stitution; the characteristics of the patients included were 

heterogeneous. Therefore, further studies are required to 

clarify the benefit of CKRT specialized or multidisciplinary 

team approach.

On the other hand, in addition to the tangible results 

described above, it is possible to expect additional results 

such as efficient operation of CKRT devices and reduction 

of the workload of medical staff in charge of critically ill 

patients. However, since the CKRT specialized or multidis-

ciplinary team approach requires additional budgets such 

as recruitment of personnel, it is thought that a strategy 

tailored to the situation of each medical institution is nec-

essary.

Considerations
1) Benefits and harms
For critically ill patients requiring CKRT, a CKRT special-

ized/multidisciplinary team approach is unlikely to harm 

these patients, as it is likely to improve filter lifespan and 

reduce downtime.

2) Patients’ values and preferences
From the patient’s perspective, the CKRT specialized/mul-

tidisciplinary team approach is associated with continuity 

of critical care due to increased filter lifespan and reduced 

downtime, which does not conflict with patient values and 

preferences.

3) Obstacles and solutions
The CKRT specialized/multidisciplinary team approach 

implemented in the current studies, which requires the 

training of dedicated personnel and ongoing quality con-

trol, may lead to increased healthcare costs. Each institu-

tion should develop methods tailored to its resources and 

capabilities.

4) Resources
The CKRT specialized/multidisciplinary team approach 

requires the training of dedicated personnel and the ongo-

ing quality control, and additional cost cannot be ignored. 

However, as observed in some studies above, increased 

filter lifespan may have the effect of reducing the workload 

and costs per patient. Therefore, it seems necessary to con-

sider the cost-effectiveness of the CKRT specialized team 

approach.

Discussion

This is the first evidence-based clinical practice guideline 

for CKRT in Korea, developed by a multidisciplinary team 

of nephrologists, intensivists, and methodology experts 

through the collaboration of the Korean Society of Nephrol-

ogy and the Korean Society of Critical Care Nephrology. Its 

primary significance lies in presenting standardized recom-

mendations for the application and prescription of CKRT 

based on the latest research, reflecting the unique aspects of 

the Korean healthcare environment and aiming to improve 

patient outcomes and reduce complications. This guideline 

provided 17 specific recommendations covering initiation, 

dose, modality, dialysate, ultrafiltration, anticoagulation, 

nutrition, and special populations (ECMO, brain injury, pe-

diatrics, liver transplantation). Furthermore, this guideline 

emphasizes the importance of nephrology consultation and 

multidisciplinary team-based management for effective 

application in clinical practice. To support implementation, 

we propose an integrated CKRT care model summarizing 

expected benefits in real-world practice (Fig. 4)

This guideline establishes three core principles for con-

temporary CKRT practice. The first is a paradigm shift from 

standardized protocols to patient-tailored therapeutic 

strategies. This principle is evident in key recommenda-

tions that move beyond the dichotomous ‘early vs. late’ 

debate on CKRT initiation, instead advocating for a deci-

sion based on a holistic assessment of the patient’s clinical 

status, including bleeding and infection risks. Similarly, the 

guideline advises against the routine use of high-dose ther-

apy, underscoring the need to titrate the dose according 

to patient severity and metabolic demands. The choice of 

RRT modality is also framed contextually, with a condition-

al recommendation for CKRT in the specific subpopulation 

of hemodynamically unstable patients.

The second core principle is a strong emphasis on pro-

active strategies for complication prevention and quality 

improvement. This is highlighted by the strong recom-

mendation for ultrasound-guided hemodialysis catheter 

insertion to enhance procedural safety and success rates. 

Furthermore, the guideline proposes practical measures 

to mitigate common in-treatment complications, such as 

using phosphate-containing dialysates to prevent hypo-

phosphatemia and ensuring adequate nutritional support. 

Notably, the recommendation to consider nafamostat 
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for anticoagulation provides pragmatic, context-specific 

evidence for the Korean healthcare environment where re-

gional citrate anticoagulation has limited accessibility.

Finally, the guideline addresses the complexities of man-

aging special patient populations and the value of collab-

orative care. For cohorts such as patients receiving ECMO, 

those with acute brain injury, and pediatric populations, 

it acknowledges that the current evidence is often limited; 

consequently, most recommendations for these groups 

are guided by expert consensus, highlighting a critical area 

for future clinical research. In conjunction, the guideline 

underscores that a multidisciplinary team approach can 

significantly improve filter lifespan and reduce treatment 

downtime, emphasizing the importance of establishing 

institutional protocols and collaborative practice models to 

optimize patient care.

Despite the rigorous methodology applied in developing 

this guideline, several limitations must be acknowledged. 

First, there remain substantial evidence gaps: many rec-

ommendations, particularly those concerning pediatrics, 

ECMO, and nutrition, are supported primarily by low-qual-

ity evidence or expert consensus. Second, there is a lack 

of RCTs in Korean populations; most of the evidence is 

drawn from international studies, and thus generalizability 

may be constrained by differences in practice patterns and 

healthcare infrastructure. Third, CKRT is a rapidly evolving 

field, with continuous developments in technology, anti-

coagulation strategies, and dialysate solutions, meaning 

that some recommendations may require timely revision. 

Lastly, resource variability across institutions may affect 

implementation, especially in smaller centers with limited 

personnel or equipment, requiring flexible adaptation of 

the recommendations.

This guideline also identifies critical knowledge gaps 

that should inform future investigations. Key priorities 

include defining the optimal timing and discontinuation 

criteria for CKRT in different subgroups of AKI, conducting 

randomized studies in Korean populations to evaluate an-

Figure 4. Integrated CKRT care model highlighting nephrology consultation and multidisciplinary team-based management (KQ 
1–17). Conceptual framework summarizing the expected impact of the 2025 Evidence-Based Clinical Practice Guideline for CKRT. 
KQ-driven recommendations support decision making across initiation, dosing, modality selection, anticoagulation, vascular access, spe-
cial clinical situations, and pediatric care. Central to implementation, KQ16 (nephrology consultation) and KQ17 (multidisciplinary team-
based management) emphasize collaborative CKRT care. Expected benefits include: improved clinical outcomes, standardization of CKRT 
practice, efficient resource utilization, and patient-centered therapy aligned with individual values and shared decision-making.
CKRT, continuous kidney replacement therapy; ECMO, extracorporeal membrane oxygenation; KQ, Key Question.

CKRT

Perioperative CKRT in 
Liver Transplantation
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ticoagulation strategies, dialysate composition, and fluid 

management protocols, and performing dedicated trials 

in pediatric and ECMO populations. Additionally, cost-ef-

fectiveness analyses are needed to guide healthcare policy, 

and studies examining the outcomes of multidisciplinary 

team models in Korean ICUs are warranted.

The 2025 Korean Society of Nephrology and Critical Care 

Nephrology guideline represents a significant milestone in 

standardizing CKRT practice in the Korean clinical setting. 

By providing balanced, evidence-based, and context-spe-

cific recommendations, this guideline aims to improve 

consistency of care and clinical outcomes while acknowl-

edging real-world variations in resources and institutional 

practice. It seeks to standardize CKRT prescription and 

monitoring, reduce preventable complications, support re-

nal recovery, and promote more efficient use of healthcare 

resources, while still allowing individualized treatment 

decisions based on patient condition and multidisciplinary 

judgment.

We expect that this guideline will be widely utilized to 

enhance the quality of care for critically ill patients with 

AKI, serve as an educational resource for healthcare pro-

fessionals, and support shared decision-making when ap-

propriate. We also anticipate that the clinical questions and 

evidence gaps identified here will guide future research, 

particularly in high-risk subgroups where current evidence 

remains limited.

To ensure ongoing relevance and practicality, updates 

will be performed at least every 5 or 10 years—or earlier if 

pivotal new evidence emerges—to incorporate advances in 

research, domestic data, and evolving treatment strategies. 

Through continuous evaluation and refinement, we aim to 

sustain the clinical applicability and long-term impact of 

this guideline in improving outcomes for patients requiring 

CKRT.

Additional information

1Department of Internal Medicine, Seoul National University College 
of Medicine, Seoul, Republic of Korea 

2SMG-SNU Boramae Medical Center, Seoul, Republic of Korea 
3Department of Internal Medicine, Bucheon St. Mary’s Hospital, The 
Catholic University College of Medicine, Seoul, Republic of Korea

4Department of Internal Medicine, Keimyung University School of 
Medicine, Daegu, Republic of Korea

5Department of Internal Medicine, Dongguk University Ilsan 
Hospital, Goyang, Republic of Korea

6Department of Internal Medicine, Hallym University Sacred Heart 
Hospital, Anyang, Republic of Korea 

7Department of Medicine, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, Republic of Korea

8Department of Internal Medicine, Gangnam Severance Hospital, 
Yonsei University College of Medicine, Seoul, Republic of Korea

9Department of Internal Medicine, Korea University Guro Hospital, 
Seoul, Republic of Korea

10�Department of Internal Medicine, Pusan National University 
School of Medicine, Busan, Republic of Korea

11�Division of Pulmonary and Critical Care Medicine, Department of 
Internal Medicine, Seoul National University Bundang Hospital, 
Seongnam, Republic of Korea

12�Division of Nephrology and Hypertension, Department of Internal 
Medicine, Samsung Kangbuk Hospital, Sungkyunkwan University 
School of Medicine, Seoul, Republic of Korea

13�Department of Internal Medicine, Inje University Sanggye Paik 
Hospital, Seoul, Republic of Korea

14�Department of Internal Medicine, Seoul National University 
Hospital, Seoul, Republic of Korea 

15�Department of Internal Medicine, Korea University College of 
Medicine, Seoul, Republic of Korea

16�Department of Critical Care Medicine, Hallym University Sacred 
Heart Hospital, Anyang, Republic of Korea 

17�Department of Pediatrics, Chung-Ang University Hospital, Chung-
Ang University College of Medicine, Seoul, Republic of Korea

18�Department of Pediatrics, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Republic of 
Korea

19�Department of Internal Medicine, Severance Hospital, Yonsei 
University College of Medicine, Seoul, Republic of Korea 

20�Department of Internal Medicine, Seoul National University 
Bundang Hospital, Seongnam, Republic of Korea 

21�Division of Healthcare Research, National Evidence-based 
Healthcare Collaborating Agency, Seoul, Republic of Korea

Conflicts of interest

Jeonghwan Lee is the Deputy Editor of Kidney Research 

and Clinical Practice and was not involved in the review 

process of this article. Jong Hyun Jhee is the Editor of Kid-

ney Research and Clinical Practice and was not involved in 

the review process of this article.

There is nothing to declare according to this guideline. 

Prior to initiating the guideline development process, all 

members of the development committee were required 

to submit a standardized disclosure form detailing any 

potential financial or nonfinancial conflicts of interest. For 

any member who received research funding or served as 

a consultant for commercial entities, the steering commit-

tee reviewed the details of the relationship, including the 

amount of financial support and the potential influence on 

the direction or strength of any recommendations.



Lee, et al. CKRT clinical practice guideline

S43www.krcp-ksn.org

Funding

This research was supported by a grant of Patient-Centered 

Clinical Research Coordinating Center (PACEN) funded by 

the Ministry of Health & Welfare, Republic of Korea (grant 

number: RS-2024-00399605). Funding bodies had no di-

rect or indirect influence on the content or development 

process of the guideline. The development committee 

maintained full independence throughout all the phases of 

planning, drafting, and finalizing the guidelines.

Data sharing statement

The data presented in this study are available from the cor-

responding author upon reasonable request.

Authors’ contributions

Conceptualization: JL (Jeonghwan Lee), SK

Data curation, Formal analysis, Investigation, Visualiza-

tion: JL (Jeonghwan Lee), DK, JHP, JL (Jangwook Lee), JNA, 

JJ, KL, HRJ, JHJ, HJK, HR, SYL, JY, SGK, SSH, SYA, SP, HKL, 

HC, YL, HWK

Funding acquisition: JL (Jeonghwan Lee)

Methodology, Project administration: JL (Jeonghwan Lee), 

MC, SK

Resources: MC, SK

Software, Supervision: MC

Validation: JHP, JNA, HRJ, SSH, HR, HC, KK, MC, SK

Writing–original draft: JL (Jeonghwan Lee), DK, JL (Jang-

wook Lee), JJ, KL, JHJ, HJK, HR, SYL, JY, SGK, SYA, SP, HKL, 

YL, HWK

Writing–review & editing: JL (Jeonghwan Lee), KK, MC, SK

All authors read and approved the final manuscript.

ORCID

Jeonghwan Lee, https://orcid.org/0000-0003-3199-635X

Donghyuk Kang, https://orcid.org/0000-0002-0961-5090

Jin Hyuk Paek, https://orcid.org/0000-0001-8875-1260

Jangwook Lee, https://orcid.org/0000-0003-2181-5850

Jung Nam An, https://orcid.org/0000-0001-5108-1005

Junseok Jeon, https://orcid.org/0000-0003-2532-0177

Kyungho Lee, https://orcid.org/0000-0003-2627-0220

Hye Ryoun Jang, https://orcid.org/0000-0001-9856-6341

Jong Hyun Jhee, https://orcid.org/0000-0002-1255-1323

Hyo Jin Kim, https://orcid.org/0000-0001-9289-9073

Harin Rhee, https://orcid.org/0000-0001-6257-8551

Sung Yoon Lim, https://orcid.org/0000-0003-3161-8711

Jihyun Yang, https://orcid.org/0000-0002-8616-238X

Seong Geun Kim, https://orcid.org/0000-0002-8831-9838

Seung Seok Han, https://orcid.org/0000-0003-0137-5261

Shin Young Ahn, https://orcid.org/0000-0002-6844-0614

Sunghoon Park, https://orcid.org/0000-0001-7004-6985

Hyun Kyung Lee, https://orcid.org/0000-0001-5625-9079

Heeyeon Cho, https://orcid.org/0000-0003-3137-6054

Yeonhee Lee, https://orcid.org/0000-0002-9216-420X

Hyung Woo Kim, https://orcid.org/0000-0002-6305-452X

Keonhwa Kim, https://orcid.org/0009-0005-4348-6682

Miyoung Choi, https://orcid.org/0000-0002-2424-9965

Sejoong Kim, https://orcid.org/0000-0002-7238-9962

References

1.	Teixeira JP, Hiremath S, Kabli AO, Rewa OG, Clark EG. Continu-

ous kidney replacement therapies: core curriculum 2025. Am J 

Kidney Dis 2025;85:767–786. 

2.	Chaïbi K, Dreyfuss D, Gaudry S. Debate: intermittent hemodial-

ysis versus continuous kidney replacement therapy in the criti-

cally ill patient: the choice should be evidence based. Clin J Am 

Soc Nephrol 2023;18:661–667. 

3.	Macedo E, Mehta RL. Continuous dialysis therapies: core cur-

riculum 2016. Am J Kidney Dis 2016;68:645–657. 

4.	Park S, Lee S, Jo HA, et al. Epidemiology of continuous renal 

replacement therapy in Korea: results from the National Health 

Insurance Service claims database from 2005 to 2016. Kidney 

Res Clin Pract 2018;37:119–129. 

5.	Tain YL, Kuo HC, Hsu CN. Changing trends in dialysis mo-

dalities utilization and mortality in children, adolescents and 

young adults with acute kidney injury, 2010-2017. Sci Rep 

2021;11:11887.

6.	Bouchard J, Mehta RL. Timing of kidney support therapy in 

acute kidney injury: what are we waiting for? Am J Kidney Dis 

2022;79:417–426. 

7.	Jörres A, John S, Lewington A, et al. A European Renal Best Prac-

tice (ERBP) position statement on the Kidney Disease Improv-

ing Global Outcomes (KDIGO) clinical practice guidelines on 

acute kidney injury: part 2: renal replacement therapy. Nephrol 

Dial Transplant 2013;28:2940–2945. 

8.	Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US commentary 

https://doi.org/10.1053/j.ajkd.2024.09.015
https://doi.org/10.1053/j.ajkd.2024.09.015
https://doi.org/10.1053/j.ajkd.2024.09.015
https://doi.org/10.2215/cjn.0000000000000104
https://doi.org/10.2215/cjn.0000000000000104
https://doi.org/10.2215/cjn.0000000000000104
https://doi.org/10.2215/cjn.0000000000000104
https://doi.org/10.1053/j.ajkd.2016.03.427
https://doi.org/10.1053/j.ajkd.2016.03.427
https://doi.org/10.23876/j.krcp.2018.37.2.119
https://doi.org/10.23876/j.krcp.2018.37.2.119
https://doi.org/10.23876/j.krcp.2018.37.2.119
https://doi.org/10.23876/j.krcp.2018.37.2.119
https://doi.org/10.1038/s41598-021-91171-w
https://doi.org/10.1038/s41598-021-91171-w
https://doi.org/10.1038/s41598-021-91171-w
https://doi.org/10.1038/s41598-021-91171-w
https://doi.org/10.1053/j.ajkd.2021.07.014
https://doi.org/10.1053/j.ajkd.2021.07.014
https://doi.org/10.1053/j.ajkd.2021.07.014
https://doi.org/10.1093/ndt/gft297
https://doi.org/10.1093/ndt/gft297
https://doi.org/10.1093/ndt/gft297
https://doi.org/10.1093/ndt/gft297
https://doi.org/10.1093/ndt/gft297
https://doi.org/10.1053/j.ajkd.2013.02.349


S44 www.krcp-ksn.org

Kidney Res Clin Pract [Epub ahead of print]

on the 2012 KDIGO clinical practice guideline for acute kidney 

injury. Am J Kidney Dis 2013;61:649–672. 

9.	Vinsonneau C, Allain-Launay E, Blayau C, et al. Renal replace-

ment therapy in adult and pediatric intensive care: recommen-

dations by an expert panel from the French Intensive Care Soci-

ety (SRLF) with the French Society of Anesthesia Intensive Care 

(SFAR) French Group for Pediatric Intensive Care Emergencies 

(GFRUP) the French Dialysis Society (SFD). Ann Intensive Care 

2015;5:58.

10.	 Doi K, Nishida O, Shigematsu T, et al. The Japanese clinical 

practice guideline for acute kidney injury 2016. Clin Exp Nephrol 

2018;22:985–1045. 

11.	 National Institute for Health and Care Excellence (NICE). Acute 

kidney injury: prevention, detection and management [Internet]. 

NICE, 2019 [cited 2025 Oct 10]. Available from: https://www.

nice.org.uk/guidance/ng148

12.	 Srisawat N, Laoveeravat P, Limphunudom P, et al. The effect of 

early renal replacement therapy guided by plasma neutrophil 

gelatinase associated lipocalin on outcome of acute kidney inju-

ry: a feasibility study. J Crit Care 2018;43:36–41. 

13.	 STARRT-AKI Investigators; Canadian Critical Care Trials Group; 

Australian and New Zealand Intensive Care Society Clinical Tri-

als Group, et al. Timing of initiation of renal-replacement thera-

py in acute kidney injury. N Engl J Med 2020;383:240-251.

14.	 Barbar SD, Clere-Jehl R, Bourredjem A, et al. Timing of renal-re-

placement therapy in patients with acute kidney injury and sep-

sis. N Engl J Med 2018;379:1431–1442. 

15.	 Combes A, Bréchot N, Amour J, et al. Early high-volume hemo-

filtration versus standard care for post-cardiac surgery shock: 

the HEROICS study. Am J Respir Crit Care Med 2015;192:1179–

1190. 

16.	 Gaudry S, Hajage D, Martin-Lefevre L, 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;397:1293–1300. 

17.	 Gaudry S, Hajage D, Schortgen F, et al. Initiation strategies for re-

nal-replacement therapy in the intensive care unit. N Engl J Med 

2016;375:122–133. 

18.	 Geri G, Grimaldi D, Seguin T, et al. Hemodynamic efficiency of 

hemodialysis treatment with high cut-off membrane during the 

early period of post-resuscitation shock: the HYPERDIA trial. 

Resuscitation 2019;140:170–177. 

19.	 Jamale TE, Hase NK, Kulkarni M, et al. Earlier-start versus usu-

al-start dialysis in patients with community-acquired acute 

kidney injury: a randomized controlled trial. Am J Kidney Dis 

2013;62:1116–1121. 

20.	 Lumlertgul N, Peerapornratana S, Trakarnvanich T, et al. Early 

versus standard initiation of renal replacement therapy in furo-

semide stress test non-responsive acute kidney injury patients 

(the FST trial). Crit Care 2018;22:101.

21.	 Wald R, Adhikari NK, Smith OM, et al. Comparison of standard 

and accelerated initiation of renal replacement therapy in acute 

kidney injury. Kidney Int 2015;88:897–904. 

22.	 Zarbock A, Kellum JA, Schmidt C, 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;315:2190–2199. 

23.	 RENAL Replacement Therapy Study Investigators; Bellomo R, 

Cass A, et al. Intensity of continuous renal-replacement therapy 

in critically ill patients. N Engl J Med 2009;361:1627–1638. 

24.	 Palevsky PM, Zhang JH, O’Connor TZ, et al. Intensity of renal 

support in critically ill patients with acute kidney injury. N Engl J 

Med 2008;359:7–20. 

25.	 Heering P, Morgera S, Schmitz FJ, et al. Cytokine removal 

and cardiovascular hemodynamics in septic patients with 

continuous venovenous hemofiltration. Intensive Care Med 

1997;23:288–296. 

26.	 Kellum JA, Johnson JP, Kramer D, Palevsky P, Brady JJ, Pinsky 

MR. Diffusive vs. convective therapy: effects on mediators of 

inflammation in patient with severe systemic inflammatory re-

sponse syndrome. Crit Care Med 1998;26:1995–2000.

27.	 Morgera S, Slowinski T, Melzer C, et al. Renal replacement 

therapy with high-cutoff hemofilters: impact of convection and 

diffusion on cytokine clearances and protein status. Am J Kidney 

Dis 2004;43:444–453. 

28.	 Zhang P, Yang Y, Lv R, Zhang Y, Xie W, Chen J. Effect of the in-

tensity of continuous renal replacement therapy in patients with 

sepsis and acute kidney injury: a single-center randomized clin-

ical trial. Nephrol Dial Transplant 2012;27:967–973. 

29.	 Park JT, Lee H, Kee YK, et al. High-dose versus convention-

al-dose continuous venovenous hemodiafiltration and patient 

and kidney survival and cytokine removal in sepsis-associated 

acute kidney injury: a randomized controlled trial. Am J Kidney 

Dis 2016;68:599–608. 

30.	 Chung KK, Coates EC, Smith DJ, et al. High-volume hemofiltra-

tion in adult burn patients with septic shock and acute kidney 

injury: a multicenter randomized controlled trial. Crit Care 

2017;21:289.

31.	 Joannes-Boyau O, Honoré PM, Perez P, et al. High-volume ver-

sus standard-volume haemofiltration for septic shock patients 

https://doi.org/10.1053/j.ajkd.2013.02.349
https://doi.org/10.1053/j.ajkd.2013.02.349
https://doi.org/10.1186/s13613-015-0093-5
https://doi.org/10.1186/s13613-015-0093-5
https://doi.org/10.1186/s13613-015-0093-5
https://doi.org/10.1186/s13613-015-0093-5
https://doi.org/10.1186/s13613-015-0093-5
https://doi.org/10.1186/s13613-015-0093-5
https://doi.org/10.1186/s13613-015-0093-5
https://doi.org/10.1007/s10157-018-1600-4
https://doi.org/10.1007/s10157-018-1600-4
https://doi.org/10.1007/s10157-018-1600-4
https://www.nice.org.uk/guidance/ng148
https://www.nice.org.uk/guidance/ng148
https://doi.org/10.1016/j.jcrc.2017.08.029
https://doi.org/10.1016/j.jcrc.2017.08.029
https://doi.org/10.1016/j.jcrc.2017.08.029
https://doi.org/10.1016/j.jcrc.2017.08.029
https://doi.org/10.1056/nejmoa2000741
https://doi.org/10.1056/nejmoa2000741
https://doi.org/10.1056/nejmoa2000741
https://doi.org/10.1056/nejmoa2000741
https://doi.org/10.1056/NEJMoa1803213
https://doi.org/10.1056/NEJMoa1803213
https://doi.org/10.1056/NEJMoa1803213
https://doi.org/10.1164/rccm.201503-0516oc
https://doi.org/10.1164/rccm.201503-0516oc
https://doi.org/10.1164/rccm.201503-0516oc
https://doi.org/10.1164/rccm.201503-0516oc
https://doi.org/10.1016/s0140-6736(21)00350-0
https://doi.org/10.1016/s0140-6736(21)00350-0
https://doi.org/10.1016/s0140-6736(21)00350-0
https://doi.org/10.1016/s0140-6736(21)00350-0
https://doi.org/10.1056/NEJMoa1603017
https://doi.org/10.1056/NEJMoa1603017
https://doi.org/10.1056/NEJMoa1603017
https://doi.org/10.1016/j.resuscitation.2019.03.045
https://doi.org/10.1016/j.resuscitation.2019.03.045
https://doi.org/10.1016/j.resuscitation.2019.03.045
https://doi.org/10.1016/j.resuscitation.2019.03.045
https://doi.org/10.1053/j.ajkd.2013.06.012
https://doi.org/10.1053/j.ajkd.2013.06.012
https://doi.org/10.1053/j.ajkd.2013.06.012
https://doi.org/10.1053/j.ajkd.2013.06.012
https://doi.org/10.1186/s13054-018-2021-1
https://doi.org/10.1186/s13054-018-2021-1
https://doi.org/10.1186/s13054-018-2021-1
https://doi.org/10.1186/s13054-018-2021-1
https://doi.org/10.1038/ki.2015.184
https://doi.org/10.1038/ki.2015.184
https://doi.org/10.1038/ki.2015.184
https://doi.org/10.1001/jama.2016.5828
https://doi.org/10.1001/jama.2016.5828
https://doi.org/10.1001/jama.2016.5828
https://doi.org/10.1001/jama.2016.5828
https://doi.org/10.1056/nejmoa0902413
https://doi.org/10.1056/nejmoa0902413
https://doi.org/10.1056/nejmoa0902413
https://doi.org/10.1056/nejmoa0802639
https://doi.org/10.1056/nejmoa0802639
https://doi.org/10.1056/nejmoa0802639
https://doi.org/10.1007/s001340050330
https://doi.org/10.1007/s001340050330
https://doi.org/10.1007/s001340050330
https://doi.org/10.1007/s001340050330
https://doi.org/10.1097/00003246-199812000-00027
https://doi.org/10.1097/00003246-199812000-00027
https://doi.org/10.1097/00003246-199812000-00027
https://doi.org/10.1097/00003246-199812000-00027
https://doi.org/10.1053/j.ajkd.2003.11.006
https://doi.org/10.1053/j.ajkd.2003.11.006
https://doi.org/10.1053/j.ajkd.2003.11.006
https://doi.org/10.1053/j.ajkd.2003.11.006
https://doi.org/10.1093/ndt/gfr486
https://doi.org/10.1093/ndt/gfr486
https://doi.org/10.1093/ndt/gfr486
https://doi.org/10.1093/ndt/gfr486
https://doi.org/10.1053/j.ajkd.2016.02.049
https://doi.org/10.1053/j.ajkd.2016.02.049
https://doi.org/10.1053/j.ajkd.2016.02.049
https://doi.org/10.1053/j.ajkd.2016.02.049
https://doi.org/10.1053/j.ajkd.2016.02.049
https://doi.org/10.1186/s13054-017-1878-8
https://doi.org/10.1186/s13054-017-1878-8
https://doi.org/10.1186/s13054-017-1878-8
https://doi.org/10.1186/s13054-017-1878-8
https://doi.org/10.1007/s00134-013-2967-z
https://doi.org/10.1007/s00134-013-2967-z


Lee, et al. CKRT clinical practice guideline

S45www.krcp-ksn.org

with acute kidney injury (IVOIRE study): a multicentre random-

ized controlled trial. Intensive Care Med 2013;39:1535–1546. 

32.	 Vesconi S, Cruz DN, Fumagalli R, et al. Delivered dose of renal 

replacement therapy and mortality in critically ill patients with 

acute kidney injury. Crit Care 2009;13:R57.

33.	 Venkataraman R, Kellum JA, Palevsky P. Dosing patterns for 

continuous renal replacement therapy at a large academic med-

ical center in the United States. J Crit Care 2002;17:246–250. 

34.	 Piccinni P, Dan M, Barbacini S, et al. Early isovolaemic haemofil-

tration in oliguric patients with septic shock. Intensive Care Med 

2006;32:80–86. 

35.	 Kielstein JT, Eugbers C, Bode-Boeger SM, et al. Dosing of 

daptomycin in intensive care unit patients with acute kidney 

injury undergoing extended dialysis: a pharmacokinetic study. 

Nephrol Dial Transplant 2010;25:1537–1541. 

36.	 Kielstein JT, Lorenzen J, Kaever V, et al. Risk of underdosing 

of ampicillin/sulbactam in patients with acute kidney injury 

undergoing extended daily dialysis: a single case. Nephrol Dial 

Transplant 2009;24:2283–2285. 

37.	 An JN, Kim SG, Song YR. When and why to start continuous 

renal replacement therapy in critically ill patients with acute 

kidney injury. Kidney Res Clin Pract 2021;40:566–577. 

38.	 Peerapornratana S, Manrique-Caballero CL, Gómez H, Kellum 

JA. Acute kidney injury from sepsis: current concepts, epidemi-

ology, pathophysiology, prevention and treatment. Kidney Int 

2019;96:1083–1099. 

39.	 Shime N, Nakada TA, Yatabe T, et al. The Japanese clinical prac-

tice guidelines for management of sepsis and septic shock 2024. 

J Intensive Care 2025;13:15.

40.	 Palevsky PM. Debate: intermittent hemodialysis versus continu-

ous kidney replacement therapy in the critically ill patient: mod-

erator commentary. Clin J Am Soc Nephrol 2023;18:644–646. 

41.	 Abe M, Maruyama N, Matsumoto S, et al. Comparison of 

sustained hemodiafiltration with acetate-free dialysate and 

continuous venovenous hemodiafiltration for the treatment 

of critically ill patients with acute kidney injury. Int J Nephrol 

2011;2011:432094.

42.	 Abe M, Okada K, Suzuki M, et al. Comparison of sustained he-

modiafiltration with continuous venovenous hemodiafiltration 

for the treatment of critically ill patients with acute kidney inju-

ry. Artif Organs 2010;34:331–338. 

43.	 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;44:1000–1007. 

44.	 Gasparović V, Filipović-Grcić I, Merkler M, Pisl Z. Continuous 

renal replacement therapy (CRRT) or intermittent hemodialysis 

(IHD): what is the procedure of choice in critically ill patients? 

Ren Fail 2003;25:855–862. 

45.	 Badawy SI, Hassan A, Samir E. A prospective randomized com-

parative pilot trial on extended daily dialysis versus continuous 

venovenous hemodiafiltration in acute kidney injury after cardi-

ac surgery. Egypt J Cardiothorac Anesth 2013;7:69–73. 

46.	 Kielstein JT, Kretschmer U, Ernst T, et al. Efficacy and cardiovas-

cular tolerability of extended dialysis in critically ill patients: a 

randomized controlled study. Am J Kidney Dis 2004;43:342–349. 

47.	 Lins RL, Elseviers MM, Van der Niepen P, et al. Intermittent ver-

sus continuous renal replacement therapy for acute kidney in-

jury patients admitted to the intensive care unit: results of a ran-

domized clinical trial. Nephrol Dial Transplant 2009;24:512–518. 

48.	 Mehta RL, McDonald B, Gabbai FB, et al. A randomized clinical 

trial of continuous versus intermittent dialysis for acute renal 

failure. Kidney Int 2001;60:1154–1163. 

49.	 Schefold JC, von Haehling S, Pschowski R, et al. The effect of 

continuous versus intermittent renal replacement therapy on 

the outcome of critically ill patients with acute renal failure 

(CONVINT): a prospective randomized controlled trial. Crit 

Care 2014;18:R11.

50.	 Schwenger V, Weigand MA, Hoffmann O, et al. Sustained low 

efficiency dialysis using a single-pass batch system in acute kid-

ney injury: a randomized interventional trial: the REnal replace-

ment therapy study in intensive care unit PatiEnts. Crit Care 

2012;16:R140.

51.	 Uehlinger DE, Jakob SM, Ferrari P, et al. Comparison of contin-

uous and intermittent renal replacement therapy for acute renal 

failure. Nephrol Dial Transplant 2005;20:1630–1637. 

52.	 Vinsonneau C, Camus C, Combes A, et al. Continuous venove-

nous haemodiafiltration versus intermittent haemodialysis for 

acute renal failure in patients with multiple-organ dysfunction 

syndrome: a multicentre randomised trial. Lancet 2006;368:379–

385. 

53.	 Gaudry S, Grolleau F, Barbar S, et al. Continuous renal replace-

ment therapy versus intermittent hemodialysis as first modality 

for renal replacement therapy in severe acute kidney injury: a 

secondary analysis of AKIKI and IDEAL-ICU studies. Crit Care 

2022;26:93.

54.	 Thompson Bastin ML, Adams PM, Nerusu S, Morris PE, Mayer 

KP, Neyra JA. Association of phosphate containing solutions 

with incident hypophosphatemia in critically ill patients re-

quiring continuous renal replacement therapy. Blood Purif 

2022;51:122–129. 

https://doi.org/10.1007/s00134-013-2967-z
https://doi.org/10.1007/s00134-013-2967-z
https://doi.org/10.1186/cc7784
https://doi.org/10.1186/cc7784
https://doi.org/10.1186/cc7784
https://doi.org/10.1053/jcrc.2002.36757
https://doi.org/10.1053/jcrc.2002.36757
https://doi.org/10.1053/jcrc.2002.36757
https://doi.org/10.1007/s00134-005-2815-x
https://doi.org/10.1007/s00134-005-2815-x
https://doi.org/10.1007/s00134-005-2815-x
https://doi.org/10.1093/ndt/gfp704
https://doi.org/10.1093/ndt/gfp704
https://doi.org/10.1093/ndt/gfp704
https://doi.org/10.1093/ndt/gfp704
https://doi.org/10.1093/ndt/gfp060
https://doi.org/10.1093/ndt/gfp060
https://doi.org/10.1093/ndt/gfp060
https://doi.org/10.1093/ndt/gfp060
https://doi.org/10.23876/j.krcp.21.043
https://doi.org/10.23876/j.krcp.21.043
https://doi.org/10.23876/j.krcp.21.043
https://doi.org/10.1016/j.kint.2019.05.026
https://doi.org/10.1016/j.kint.2019.05.026
https://doi.org/10.1016/j.kint.2019.05.026
https://doi.org/10.1016/j.kint.2019.05.026
https://doi.org/10.1186/s40560-025-00776-0
https://doi.org/10.1186/s40560-025-00776-0
https://doi.org/10.1186/s40560-025-00776-0
https://doi.org/10.2215/cjn.0000000000000116
https://doi.org/10.2215/cjn.0000000000000116
https://doi.org/10.2215/cjn.0000000000000116
https://doi.org/10.4061/2011/432094
https://doi.org/10.4061/2011/432094
https://doi.org/10.4061/2011/432094
https://doi.org/10.4061/2011/432094
https://doi.org/10.4061/2011/432094
https://doi.org/10.1111/j.1525-1594.2009.00861.x
https://doi.org/10.1111/j.1525-1594.2009.00861.x
https://doi.org/10.1111/j.1525-1594.2009.00861.x
https://doi.org/10.1111/j.1525-1594.2009.00861.x
https://doi.org/10.1053/j.ajkd.2004.08.022
https://doi.org/10.1053/j.ajkd.2004.08.022
https://doi.org/10.1053/j.ajkd.2004.08.022
https://doi.org/10.1081/jdi-120024300
https://doi.org/10.1081/jdi-120024300
https://doi.org/10.1081/jdi-120024300
https://doi.org/10.1081/jdi-120024300
https://doi.org/10.4103/1687-9090.124035
https://doi.org/10.4103/1687-9090.124035
https://doi.org/10.4103/1687-9090.124035
https://doi.org/10.4103/1687-9090.124035
https://doi.org/10.1053/j.ajkd.2003.10.021
https://doi.org/10.1053/j.ajkd.2003.10.021
https://doi.org/10.1053/j.ajkd.2003.10.021
https://doi.org/10.1093/ndt/gfn560
https://doi.org/10.1093/ndt/gfn560
https://doi.org/10.1093/ndt/gfn560
https://doi.org/10.1093/ndt/gfn560
https://doi.org/10.1046/j.1523-1755.2001.0600031154.x
https://doi.org/10.1046/j.1523-1755.2001.0600031154.x
https://doi.org/10.1046/j.1523-1755.2001.0600031154.x
https://doi.org/10.1186/cc13188
https://doi.org/10.1186/cc13188
https://doi.org/10.1186/cc13188
https://doi.org/10.1186/cc13188
https://doi.org/10.1186/cc13188
https://doi.org/10.1186/cc11445
https://doi.org/10.1186/cc11445
https://doi.org/10.1186/cc11445
https://doi.org/10.1186/cc11445
https://doi.org/10.1186/cc11445
https://doi.org/10.1093/ndt/gfh880
https://doi.org/10.1093/ndt/gfh880
https://doi.org/10.1093/ndt/gfh880
https://doi.org/10.1016/s0140-6736(06)69111-3
https://doi.org/10.1016/s0140-6736(06)69111-3
https://doi.org/10.1016/s0140-6736(06)69111-3
https://doi.org/10.1016/s0140-6736(06)69111-3
https://doi.org/10.1016/s0140-6736(06)69111-3
https://doi.org/10.1186/s13054-022-03955-9
https://doi.org/10.1186/s13054-022-03955-9
https://doi.org/10.1186/s13054-022-03955-9
https://doi.org/10.1186/s13054-022-03955-9
https://doi.org/10.1186/s13054-022-03955-9
https://doi.org/10.1159/000514418
https://doi.org/10.1159/000514418
https://doi.org/10.1159/000514418
https://doi.org/10.1159/000514418
https://doi.org/10.1159/000514418


S46 www.krcp-ksn.org

Kidney Res Clin Pract [Epub ahead of print]

55.	 Broman M, Carlsson O, Friberg H, Wieslander A, Godaly G. 

Phosphate-containing dialysis solution prevents hypophos-

phatemia during continuous renal replacement therapy. Acta 

Anaesthesiol Scand 2011;55:39–45. 

56.	 Godaly G, Carlsson O, Broman M. Phoxilium(®) reduces hypo-

phosphataemia and magnesium supplementation during con-

tinuous renal replacement therapy. Clin Kidney J 2016;9:205–

210. 

57.	 Crowley KE, DeGrado JR, Charytan DM. Serum glucose and 

phosphorus concentrations during continuous renal replace-

ment therapy using commercial replacement solutions with or 

without phosphorus. Hemodial Int 2020;24:330–334. 

58.	 Cho A, Lee YK, Park HC. Impact of electrolyte-rich dialy-

sate during continuous renal replacement therapy on se-

rum phosphate and potassium in ICU patients. PLoS One 

2020;15:e0238867. 

59.	 Morabito S, Pistolesi V, Tritapepe L, et al. Continuous venove-

nous hemodiafiltration with a low citrate dose regional antico-

agulation protocol and a phosphate-containing solution: effects 

on acid-base status and phosphate supplementation needs. 

BMC Nephrol 2013;14:232.

60.	 Nalesso F, Garzotto F, Cattarin L, Innico G, Gobbi L, Calò LA. 

Impact of different hemodiafiltration solutions on ionemia in 

long-term CRRT. Int J Artif Organs 2021;44:807–815. 

61.	 Chua HR, Baldwin I, Ho L, Collins A, Allsep H, Bellomo R. 

Biochemical effects of phosphate-containing replacement 

fluid for continuous venovenous hemofiltration. Blood Purif 

2012;34:306–312. 

62.	 Chua HR, Schneider AG, Baldwin I, Collins A, Ho L, Bellomo 

R. Phoxilium vs Hemosol-B0 for continuous renal replacement 

therapy in acute kidney injury. J Crit Care 2013;28:884.e7–e14. 

63.	 Song YH, Seo EH, Yoo YS, Jo YI. Phosphate supplementation for 

hypophosphatemia during continuous renal replacement ther-

apy in adults. Ren Fail 2019;41:72–79. 

64.	 Besnard N, Serveaux M, Machado S, et al. Electrolytes-enriched 

hemodiafiltration solutions for continuous renal replacement 

therapy in acute kidney injury: a crossover study. Blood Purif 

2016;42:18–26. 

65.	 Thompson Bastin ML, Stromberg AJ, Nerusu SN, et al. Associa-

tion of phosphate-containing versus phosphate-free solutions 

on ventilator days in patients requiring continuous kidney re-

placement therapy. Clin J Am Soc Nephrol 2022;17:634–642. 

66.	 Baeg SI, Jeon J, Kang D, et al. Impact of protocolized fluid 

management on electrolyte stability in patients undergoing 

continuous renal replacement therapy. Front Med (Lausanne) 

2022;9:915072.

67.	 Prowle JR, Echeverri JE, Ligabo EV, Ronco C, Bellomo R. Fluid 

balance and acute kidney injury. Nat Rev Nephrol 2010;6:107–

115. 

68.	 Malbrain ML, Van Regenmortel N, Saugel B, et al. Principles of 

fluid management and stewardship in septic shock: it is time to 

consider the four D’s and the four phases of fluid therapy. Ann 

Intensive Care 2018;8:66.

69.	 Murugan R, Bellomo R, Palevsky PM, Kellum JA. Ultrafiltration 

in critically ill patients treated with kidney replacement therapy. 

Nat Rev Nephrol 2021;17:262–276. 

70.	 Murugan R, Kerti SJ, Chang CH, et al. Association of net ultrafil-

tration rate with mortality among critically ill adults with acute 

kidney injury receiving continuous venovenous hemodiafiltra-

tion: a secondary analysis of the Randomized Evaluation of Nor-

mal vs Augmented Level (RENAL) of renal replacement therapy 

trial. JAMA Netw Open 2019;2:e195418. 

71.	 Naorungroj T, Neto AS, Zwakman-Hessels L, et al. Early net ul-

trafiltration rate and mortality in critically ill patients receiving 

continuous renal replacement therapy. Nephrol Dial Transplant 

2021;36:1112–1119. 

72.	 Naorungroj T, Neto AS, Zwakman-Hessels L, et al. Mediators of 

the impact of hourly net ultrafiltration rate on mortality in criti-

cally ill patients receiving continuous renal replacement thera-

py. Crit Care Med 2020;48:e934–e942. 

73.	 Murugan R, Kerti SJ, Chang CH, et al. Association between 

net ultrafiltration rate and renal recovery among critically ill 

adults with acute kidney injury receiving continuous renal re-

placement therapy: an observational cohort study. Blood Purif 

2022;51:397–409. 

74.	 Jhee JH, Lee HA, Kim S, et al. The interactive effects of input and 

output on managing fluid balance in patients with acute kidney 

injury requiring continuous renal replacement therapy. Crit 

Care 2019;23:329.

75.	 Murugan R, Balakumar V, Kerti SJ, et al. Net ultrafiltration inten-

sity and mortality in critically ill patients with fluid overload. Crit 

Care 2018;22:223.

76.	 Naorungroj T, Neto AS, Zwakman-Hessels L, Yanase F, Eastwood 

G, Bellomo R. Hourly fluid balance in patients receiving contin-

uous renal replacement therapy. Blood Purif 2020;49:93–101. 

77.	 Uusalo P, Hellman T, Löyttyniemi E, Peltoniemi J, Järvisalo MJ. 

Early restrictive fluid balance is associated with lower hospital 

mortality independent of acute disease severity in critically ill 

patients on CRRT. Sci Rep 2021;11:18216.

78.	 An JN, Oh HJ, Oh S, et al. Bioimpedance-guided fluid removal in 

https://doi.org/10.1111/j.1399-6576.2010.02338.x
https://doi.org/10.1111/j.1399-6576.2010.02338.x
https://doi.org/10.1111/j.1399-6576.2010.02338.x
https://doi.org/10.1111/j.1399-6576.2010.02338.x
https://doi.org/10.1093/ckj/sfv133
https://doi.org/10.1093/ckj/sfv133
https://doi.org/10.1093/ckj/sfv133
https://doi.org/10.1093/ckj/sfv133
https://doi.org/10.1111/hdi.12834
https://doi.org/10.1111/hdi.12834
https://doi.org/10.1111/hdi.12834
https://doi.org/10.1111/hdi.12834
https://doi.org/10.1371/journal.pone.0238867
https://doi.org/10.1371/journal.pone.0238867
https://doi.org/10.1371/journal.pone.0238867
https://doi.org/10.1371/journal.pone.0238867
https://doi.org/10.1186/1471-2369-14-232
https://doi.org/10.1186/1471-2369-14-232
https://doi.org/10.1186/1471-2369-14-232
https://doi.org/10.1186/1471-2369-14-232
https://doi.org/10.1186/1471-2369-14-232
https://doi.org/10.1177/03913988211043203
https://doi.org/10.1177/03913988211043203
https://doi.org/10.1177/03913988211043203
https://doi.org/10.1159/000345343
https://doi.org/10.1159/000345343
https://doi.org/10.1159/000345343
https://doi.org/10.1159/000345343
https://doi.org/10.1016/j.jcrc.2013.02.013
https://doi.org/10.1016/j.jcrc.2013.02.013
https://doi.org/10.1016/j.jcrc.2013.02.013
https://doi.org/10.1080/0886022x.2018.1561374
https://doi.org/10.1080/0886022x.2018.1561374
https://doi.org/10.1080/0886022x.2018.1561374
https://doi.org/10.1159/000444248
https://doi.org/10.1159/000444248
https://doi.org/10.1159/000444248
https://doi.org/10.1159/000444248
https://doi.org/10.2215/cjn.12410921
https://doi.org/10.2215/cjn.12410921
https://doi.org/10.2215/cjn.12410921
https://doi.org/10.2215/cjn.12410921
https://doi.org/10.3389/fmed.2022.915072
https://doi.org/10.3389/fmed.2022.915072
https://doi.org/10.3389/fmed.2022.915072
https://doi.org/10.3389/fmed.2022.915072
https://doi.org/10.1038/nrneph.2009.213
https://doi.org/10.1038/nrneph.2009.213
https://doi.org/10.1038/nrneph.2009.213
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1038/s41581-020-00358-3
https://doi.org/10.1038/s41581-020-00358-3
https://doi.org/10.1038/s41581-020-00358-3
https://doi.org/10.1001/jamanetworkopen.2019.5418
https://doi.org/10.1001/jamanetworkopen.2019.5418
https://doi.org/10.1001/jamanetworkopen.2019.5418
https://doi.org/10.1001/jamanetworkopen.2019.5418
https://doi.org/10.1001/jamanetworkopen.2019.5418
https://doi.org/10.1001/jamanetworkopen.2019.5418
https://doi.org/10.1093/ndt/gfaa032
https://doi.org/10.1093/ndt/gfaa032
https://doi.org/10.1093/ndt/gfaa032
https://doi.org/10.1093/ndt/gfaa032
https://doi.org/10.1097/ccm.0000000000004508
https://doi.org/10.1097/ccm.0000000000004508
https://doi.org/10.1097/ccm.0000000000004508
https://doi.org/10.1097/ccm.0000000000004508
https://doi.org/10.1159/000517281
https://doi.org/10.1159/000517281
https://doi.org/10.1159/000517281
https://doi.org/10.1159/000517281
https://doi.org/10.1159/000517281
https://doi.org/10.1186/s13054-019-2633-0
https://doi.org/10.1186/s13054-019-2633-0
https://doi.org/10.1186/s13054-019-2633-0
https://doi.org/10.1186/s13054-019-2633-0
https://doi.org/10.1186/s13054-018-2163-1
https://doi.org/10.1186/s13054-018-2163-1
https://doi.org/10.1186/s13054-018-2163-1
https://doi.org/10.1159/000503771
https://doi.org/10.1159/000503771
https://doi.org/10.1159/000503771
https://doi.org/10.1038/s41598-021-97888-y
https://doi.org/10.1038/s41598-021-97888-y
https://doi.org/10.1038/s41598-021-97888-y
https://doi.org/10.1038/s41598-021-97888-y
https://doi.org/10.2215/CJN.0000000000000557


Lee, et al. CKRT clinical practice guideline

S47www.krcp-ksn.org

continuous KRT: the VENUS randomized clinical trial. Clin J Am 

Soc Nephrol 2024;19:1527–1536. 

79.	 Badawy SS, Fahmy A. Efficacy and cardiovascular tolerability of 

continuous veno-venous hemodiafiltration in acute decompen-

sated heart failure: a randomized comparative study. J Crit Care 

2012;27:106.e7–e13. 

80.	 Bart BA, Boyle A, Bank AJ, et al. Ultrafiltration versus usual 

care for hospitalized patients with heart failure: the Relief for 

Acutely Fluid-Overloaded Patients With Decompensated 

Congestive Heart Failure (RAPID-CHF) trial. J Am Coll Cardiol 

2005;46:2043–2046. 

81.	 Costanzo MR, Guglin ME, Saltzberg MT, et al. Ultrafiltration ver-

sus intravenous diuretics for patients hospitalized for acute de-

compensated heart failure. J Am Coll Cardiol 2007;49:675–683. 

82.	 Giglioli C, Landi D, Cecchi E, et al. Effects of ULTRAfiltration vs. 

DIureticS on clinical, biohumoral and haemodynamic variables 

in patients with deCOmpensated heart failure: the ULTRADIS-

CO study. Eur J Heart Fail 2011;13:337–346. 

83.	 Rogers HL, Marshall J, Bock J, et al. A randomized, controlled 

trial of the renal effects of ultrafiltration as compared to furose-

mide in patients with acute decompensated heart failure. J Card 

Fail 2008;14:1–5. 

84.	 Bart BA, Goldsmith SR, Lee KL, et al. Ultrafiltration in decom-

pensated heart failure with cardiorenal syndrome. N Engl J Med 

2012;367:2296–2304. 

85.	 Grodin JL, Carter S, Bart BA, Goldsmith SR, Drazner MH, Tang 

WH. Direct comparison of ultrafiltration to pharmacological 

decongestion in heart failure: a per-protocol analysis of CAR-

RESS-HF. Eur J Heart Fail 2018;20:1148–1156. 

86.	 McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines 

for the diagnosis and treatment of acute and chronic heart fail-

ure. Eur Heart J 2021;42:3599–3726. 

87.	 Costanzo MR, Negoianu D, Jaski BE, et al. Aquapheresis versus 

intravenous diuretics and hospitalizations for heart failure. JACC 

Heart Fail 2016;4:95–105. 

88.	 Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/

HFSA guideline for the management of heart failure: a report of 

the American College of Cardiology/American Heart Associa-

tion Joint Committee on clinical practice guidelines. Circulation 

2022;145:e895–e1032. 

89.	 Hu J, Wan Q, Zhang Y, et al. Efficacy and safety of early ultrafil-

tration in patients with acute decompensated heart failure with 

volume overload: a prospective, randomized, controlled clinical 

trial. BMC Cardiovasc Disord 2020;20:447.

90.	 Hanna MA, Tang WH, Teo BW, et al. Extracorporeal ultrafiltra-

tion vs. conventional diuretic therapy in advanced decompen-

sated heart failure. Congest Heart Fail 2012;18:54–63. 

91.	 van der Voort PH, Boerma EC, Koopmans M, et al. Furosemide 

does not improve renal recovery after hemofiltration for acute 

renal failure in critically ill patients: a double blind randomized 

controlled trial. Crit Care Med 2009;37:533–538. 

92.	 Jeon J, Kim DH, Baeg SI, et al. Association between diuretics and 

successful discontinuation of continuous renal replacement 

therapy in critically ill patients with acute kidney injury. Crit 

Care 2018;22:255.

93.	 Raurich JM, Llompart-Pou JA, Novo MA, Talavera C, Ferre-

ruela M, Ayestarán I. Successful weaning from continuous 

renal replacement therapy: associated risk factors. J Crit Care 

2018;45:144–148. 

94.	 Uchino S, Bellomo R, Morimatsu H, et al. Discontinuation of 

continuous renal replacement therapy: a post hoc analysis of 

a prospective multicenter observational study. Crit Care Med 

2009;37:2576–2582. 

95.	 Baeg SI, Jeon J, Yoo H, et al. A scoring model with simple clinical 

parameters to predict successful discontinuation of continuous 

renal replacement therapy. Blood Purif 2021;50:779–789. 

96.	 Tourneur JM, Weissbrich C, Putensen C, Hilbert T. Feasibility 

of a protocol to wean patients from continuous renal replace-

ment therapy: a retrospective pilot observation. J Crit Care 

2019;53:236–243. 

97.	 Katayama S, Uchino S, Uji M, et al. Factors predicting successful 

discontinuation of continuous renal replacement therapy. An-

aesth Intensive Care 2016;44:453–457. 

98.	 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;43:872–881. 

99.	 Chen X, Chen Z, Wei T, Li P, Zhang L, Fu P. The effect of serum 

neutrophil gelatinase-associated lipocalin on the discontinu-

ation of continuous renal replacement therapy in critically ill 

patients with acute kidney injury. Blood Purif 2019;48:10–17. 

100.	Yoshida T, Matsuura R, Komaru Y, et al. Kinetic estimated glo-

merular filtration rate as a predictor of successful continuous 

renal replacement therapy discontinuation. Nephrology (Carl-

ton) 2019;24:287–293. 

101.	Section 5: dialysis interventions for treatment of AKI. Kidney Int 

Suppl (2011) 2012;2:89–115. 

102.	Uchiba M, Okajima K, Abe H, Okabe H, Takatsuki K. Effect of 

nafamostat mesilate, a synthetic protease inhibitor, on tissue 

factor-factor VIIa complex activity. Thromb Res 1994;74:155–

https://doi.org/10.2215/CJN.0000000000000557
https://doi.org/10.2215/CJN.0000000000000557
https://doi.org/10.1016/j.jcrc.2011.05.013
https://doi.org/10.1016/j.jcrc.2011.05.013
https://doi.org/10.1016/j.jcrc.2011.05.013
https://doi.org/10.1016/j.jcrc.2011.05.013
https://doi.org/10.1016/j.jacc.2005.05.098
https://doi.org/10.1016/j.jacc.2005.05.098
https://doi.org/10.1016/j.jacc.2005.05.098
https://doi.org/10.1016/j.jacc.2005.05.098
https://doi.org/10.1016/j.jacc.2005.05.098
https://doi.org/10.1016/j.jacc.2006.07.073
https://doi.org/10.1016/j.jacc.2006.07.073
https://doi.org/10.1016/j.jacc.2006.07.073
https://doi.org/10.1093/eurjhf/hfq207
https://doi.org/10.1093/eurjhf/hfq207
https://doi.org/10.1093/eurjhf/hfq207
https://doi.org/10.1093/eurjhf/hfq207
https://doi.org/10.1016/j.cardfail.2007.09.007
https://doi.org/10.1016/j.cardfail.2007.09.007
https://doi.org/10.1016/j.cardfail.2007.09.007
https://doi.org/10.1016/j.cardfail.2007.09.007
https://doi.org/10.1056/nejmoa1210357
https://doi.org/10.1056/nejmoa1210357
https://doi.org/10.1056/nejmoa1210357
https://doi.org/10.1002/ejhf.1158
https://doi.org/10.1002/ejhf.1158
https://doi.org/10.1002/ejhf.1158
https://doi.org/10.1002/ejhf.1158
https://doi.org/10.15829/1560-4071-2023-5168
https://doi.org/10.15829/1560-4071-2023-5168
https://doi.org/10.15829/1560-4071-2023-5168
https://doi.org/10.1016/j.jchf.2015.08.005
https://doi.org/10.1016/j.jchf.2015.08.005
https://doi.org/10.1016/j.jchf.2015.08.005
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1186/s12872-020-01733-5
https://doi.org/10.1186/s12872-020-01733-5
https://doi.org/10.1186/s12872-020-01733-5
https://doi.org/10.1186/s12872-020-01733-5
https://doi.org/10.1111/j.1751-7133.2011.00231.x
https://doi.org/10.1111/j.1751-7133.2011.00231.x
https://doi.org/10.1111/j.1751-7133.2011.00231.x
https://doi.org/10.1097/ccm.0b013e318195424d
https://doi.org/10.1097/ccm.0b013e318195424d
https://doi.org/10.1097/ccm.0b013e318195424d
https://doi.org/10.1097/ccm.0b013e318195424d
https://doi.org/10.1186/s13054-018-2192-9
https://doi.org/10.1186/s13054-018-2192-9
https://doi.org/10.1186/s13054-018-2192-9
https://doi.org/10.1186/s13054-018-2192-9
https://doi.org/10.1016/j.jcrc.2018.02.009
https://doi.org/10.1016/j.jcrc.2018.02.009
https://doi.org/10.1016/j.jcrc.2018.02.009
https://doi.org/10.1016/j.jcrc.2018.02.009
https://doi.org/10.1097/ccm.0b013e3181a38241
https://doi.org/10.1097/ccm.0b013e3181a38241
https://doi.org/10.1097/ccm.0b013e3181a38241
https://doi.org/10.1097/ccm.0b013e3181a38241
https://doi.org/10.1159/000512350
https://doi.org/10.1159/000512350
https://doi.org/10.1159/000512350
https://doi.org/10.1016/j.jcrc.2019.06.031
https://doi.org/10.1016/j.jcrc.2019.06.031
https://doi.org/10.1016/j.jcrc.2019.06.031
https://doi.org/10.1016/j.jcrc.2019.06.031
https://doi.org/10.1177/0310057x1604400401
https://doi.org/10.1177/0310057x1604400401
https://doi.org/10.1177/0310057x1604400401
https://doi.org/10.1159/000490335
https://doi.org/10.1159/000490335
https://doi.org/10.1159/000490335
https://doi.org/10.1159/000490335
https://doi.org/10.1159/000499026
https://doi.org/10.1159/000499026
https://doi.org/10.1159/000499026
https://doi.org/10.1159/000499026
https://doi.org/10.1111/nep.13396
https://doi.org/10.1111/nep.13396
https://doi.org/10.1111/nep.13396
https://doi.org/10.1111/nep.13396
https://doi.org/10.1038/kisup.2011.35
https://doi.org/10.1038/kisup.2011.35
https://doi.org/10.1016/0049-3848(94)90008-6
https://doi.org/10.1016/0049-3848(94)90008-6
https://doi.org/10.1016/0049-3848(94)90008-6


S48 www.krcp-ksn.org

Kidney Res Clin Pract [Epub ahead of print]

161. 

103.	Park II, Choi MJ, Yoon JW, et al. Saline versus nafamostat mesil-

ate anticoagulation for continuous veno-venous hemofiltration 

(CVVH) in patients at high risk of bleeding: a prospective study. 

Korean J Nephrol 2009;28:205–210.

104.	Lee YK, Lee HW, Choi KH, Kim BS. Ability of nafamostat mesi-

late to prolong filter patency during continuous renal replace-

ment therapy in patients at high risk of bleeding: a randomized 

controlled study. PLoS One 2014;9:e108737. 

105.	Choi JY, Kang YJ, Jang HM, et al. Nafamostat mesilate as an 

anticoagulant during continuous renal replacement therapy 

in patients with high bleeding risk: a randomized clinical trial. 

Medicine (Baltimore) 2015;94:e2392. 

106.	Lin Y, Shao Y, Liu Y, et al. Efficacy and safety of nafamostat 

mesilate anticoagulation in blood purification treatment of crit-

ically ill patients: a systematic review and meta-analysis. Ren 

Fail 2022;44:1263–1279. 

107.	Baek NN, Jang HR, Huh W, et al. The role of nafamostat 

mesylate in continuous renal replacement therapy among pa-

tients at high risk of bleeding. Ren Fail 2012;34:279–285. 

108.	Hwang SD, Hyun YK, Moon SJ, Lee SC, Yoon SY. Nafamostat 

mesilate for anticoagulation in continuous renal replacement 

therapy. Int J Artif Organs 2013;36:208–216. 

109.	Kim T, Kim DE, Jo EM, et al. The role of nafamostat mesylate 

anticoagulation in continuous kidney replacement therapy for 

critically ill patients with bleeding tendencies: a retrospective 

study on patient outcomes and safety. Kidney Res Clin Pract 

2024;43:469–479. 

110.	Schmidt GA, Blaivas M, Conrad SA, et al. Ultrasound-guid-

ed vascular access in critical illness. Intensive Care Med 

2019;45:434–446. 

111.	Franco-Sadud R, Schnobrich D, Mathews BK, et al. Recom-

mendations on the use of ultrasound guidance for central and 

peripheral vascular access in adults: a position statement of the 

society of hospital medicine. J Hosp Med 2019;14:E1–E22.

112.	Practice guidelines for central venous access 2020: an updated 

report by the American Society of Anesthesiologists Task Force 

on Central Venous Access. Anesthesiology 2020;132:8–43. 

113.	Saugel B, Scheeren TW, Teboul JL. Ultrasound-guided central 

venous catheter placement: a structured review and recom-

mendations for clinical practice. Crit Care 2017;21:225.

114.	Ehtesham AMM, Patkar C, Phalgune D. Study between ultra-

sound fuided technique and conventional landmark technique 

for internal jugular vein cannulation: a randomised controlled 

trial. J Clin Diagn Res 2020;14:UC09–UC12.

115.	Bansal R, Agarwal SK, Tiwari SC, Dash SC. A prospective ran-

domized study to compare ultrasound-guided with nonultra-

sound-guided double lumen internal jugular catheter insertion 

as a temporary hemodialysis access. Ren Fail 2005;27:561–564. 

116.	Koroglu M, Demir M, Koroglu BK, et al. Percutaneous place-

ment of central venous catheters: comparing the anatomical 

landmark method with the radiologically guided technique for 

central venous catheterization through the internal jugular vein 

in emergent hemodialysis patients. Acta Radiol 2006;47:43–47. 

117.	Kwon TH, Kim YL, Cho DK. Ultrasound-guided cannulation of 

the femoral vein for acute haemodialysis access. Nephrol Dial 

Transplant 1997;12:1009–1012. 

118.	Lam KK, Ng HY, Wu CH, Wu MT, Chen JB, Lee CT. Ultrasound 

localization of the femoral vein facilitates successful cannula-

tion for hemodialysis. Biomed J 2013;36:237–242. 

119.	Lin BS, Huang TP, Tang GJ, Tarng DC, Kong CW. Ultra-

sound-guided cannulation of the internal jugular vein for dial-

ysis vascular access in uremic patients. Nephron 1998;78:423–

428. 

120.	Prabhu MV, Juneja D, Gopal PB, et al. Ultrasound-guided femo-

ral dialysis access placement: a single-center randomized trial. 

Clin J Am Soc Nephrol 2010;5:235–239. 

121.	Buetti N, Mimoz O, Mermel L, et al. Ultrasound guidance and 

risk for central venous catheter-related infections in the inten-

sive care unit: a post hoc analysis of individual data of 3 multi-

center randomized trials. Clin Infect Dis 2021;73:e1054–e1061. 

122.	Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultra-

sound guidance versus anatomical landmarks for internal 

jugular vein catheterization. Cochrane Database Syst Rev 

2015;1:CD006962.

123.	Seleznova Y, Brass P, Hellmich M, Stock S, Müller D. Cost-ef-

fectiveness-analysis of ultrasound guidance for central venous 

catheterization compared with landmark method: a deci-

sion-analytic model. BMC Anesthesiol 2019;19:51.

124.	Vegas A, Wells B, Braum P, et al. Guidelines for performing ul-

trasound-guided vascular cannulation: recommendations of 

the American Society of Echocardiography. J Am Soc Echocar-

diogr 2025;38:57–91. 

125.	Timsit JF, Baleine J, Bernard L, et al. Expert consensus-based 

clinical practice guidelines management of intravascular cathe-

ters in the intensive care unit. Ann Intensive Care 2020;10:118.

126.	Fishman G, Singer P. Metabolic and nutritional aspects in con-

tinuous renal replacement therapy. J Intensive Med 2023;3:228–

238. 

127.	McClave SA, Taylor BE, Martindale RG, et al. Guidelines for 

https://doi.org/10.1016/0049-3848(94)90008-6
https://doi.org/10.1371/journal.pone.0108737
https://doi.org/10.1371/journal.pone.0108737
https://doi.org/10.1371/journal.pone.0108737
https://doi.org/10.1371/journal.pone.0108737
https://doi.org/10.1097/MD.0000000000002392
https://doi.org/10.1097/MD.0000000000002392
https://doi.org/10.1097/MD.0000000000002392
https://doi.org/10.1097/MD.0000000000002392
https://doi.org/10.1080/0886022x.2022.2105233
https://doi.org/10.1080/0886022x.2022.2105233
https://doi.org/10.1080/0886022x.2022.2105233
https://doi.org/10.1080/0886022x.2022.2105233
https://doi.org/10.3109/0886022x.2011.647293
https://doi.org/10.3109/0886022x.2011.647293
https://doi.org/10.3109/0886022x.2011.647293
https://doi.org/10.5301/ijao.5000191
https://doi.org/10.5301/ijao.5000191
https://doi.org/10.5301/ijao.5000191
https://doi.org/10.23876/j.krcp.23.310
https://doi.org/10.23876/j.krcp.23.310
https://doi.org/10.23876/j.krcp.23.310
https://doi.org/10.23876/j.krcp.23.310
https://doi.org/10.23876/j.krcp.23.310
https://doi.org/10.1007/s00134-019-05564-7
https://doi.org/10.1007/s00134-019-05564-7
https://doi.org/10.1007/s00134-019-05564-7
https://doi.org/10.12788/jhm.3287
https://doi.org/10.12788/jhm.3287
https://doi.org/10.12788/jhm.3287
https://doi.org/10.12788/jhm.3287
https://doi.org/10.1097/ALN.0000000000002864
https://doi.org/10.1097/ALN.0000000000002864
https://doi.org/10.1097/ALN.0000000000002864
https://doi.org/10.1186/s13054-017-1814-y
https://doi.org/10.1186/s13054-017-1814-y
https://doi.org/10.1186/s13054-017-1814-y
https://doi.org/10.1080/08860220500199084
https://doi.org/10.1080/08860220500199084
https://doi.org/10.1080/08860220500199084
https://doi.org/10.1080/08860220500199084
https://doi.org/10.1080/02841850500406845
https://doi.org/10.1080/02841850500406845
https://doi.org/10.1080/02841850500406845
https://doi.org/10.1080/02841850500406845
https://doi.org/10.1080/02841850500406845
https://doi.org/10.1093/ndt/12.5.1009
https://doi.org/10.1093/ndt/12.5.1009
https://doi.org/10.1093/ndt/12.5.1009
https://doi.org/10.4103/2319-4170.113193
https://doi.org/10.4103/2319-4170.113193
https://doi.org/10.4103/2319-4170.113193
https://doi.org/10.1159/000044971
https://doi.org/10.1159/000044971
https://doi.org/10.1159/000044971
https://doi.org/10.1159/000044971
https://doi.org/10.2215/CJN.04920709
https://doi.org/10.2215/CJN.04920709
https://doi.org/10.2215/CJN.04920709
https://doi.org/10.1093/cid/ciaa1817
https://doi.org/10.1093/cid/ciaa1817
https://doi.org/10.1093/cid/ciaa1817
https://doi.org/10.1093/cid/ciaa1817
https://doi.org/10.1002/14651858.cd006962.pub2
https://doi.org/10.1002/14651858.cd006962.pub2
https://doi.org/10.1002/14651858.cd006962.pub2
https://doi.org/10.1002/14651858.cd006962.pub2
https://doi.org/10.1186/s12871-019-0719-5
https://doi.org/10.1186/s12871-019-0719-5
https://doi.org/10.1186/s12871-019-0719-5
https://doi.org/10.1186/s12871-019-0719-5
https://doi.org/10.1016/j.echo.2024.12.004
https://doi.org/10.1016/j.echo.2024.12.004
https://doi.org/10.1016/j.echo.2024.12.004
https://doi.org/10.1016/j.echo.2024.12.004
https://doi.org/10.1186/s13613-020-00713-4
https://doi.org/10.1186/s13613-020-00713-4
https://doi.org/10.1186/s13613-020-00713-4
https://doi.org/10.1016/j.jointm.2022.11.001
https://doi.org/10.1016/j.jointm.2022.11.001
https://doi.org/10.1016/j.jointm.2022.11.001
https://doi.org/10.1177/0148607115621863


Lee, et al. CKRT clinical practice guideline

S49www.krcp-ksn.org

the provision and assessment of nutrition support therapy in 

the adult critically ill patient: Society of Critical Care Medicine 

(SCCM) and American Society for Parenteral and Enteral Nutri-

tion (A.S.P.E.N.). JPEN J Parenter Enteral Nutr 2016;40:159–211. 

128.	Fiaccadori E, Sabatino A, Barazzoni R, et al. ESPEN guideline 

on clinical nutrition in hospitalized patients with acute or 

chronic kidney disease. Clin Nutr 2021;40:1644–1668. 

129.	Hung KY, Chen ST, Chu YY, Ho G, Liu WL. Nutrition support 

for acute kidney injury 2020-consensus of the Taiwan AKI task 

force. J Chin Med Assoc 2022;85:252–258. 

130.	Bellomo R, Cass A, Cole L, et al. Daily protein intake and pa-

tient outcomes in severe acute kidney injury: findings of the 

randomized evaluation of normal versus augmented level of re-

placement therapy (RENAL) trial. Blood Purif 2014;37:325–334. 

131.	Kritmetapak K, Peerapornratana S, Srisawat N, et al. The im-

pact of macro-and micronutrients on predicting outcomes of 

critically ill patients requiring continuous renal replacement 

therapy. PLoS One 2016;11:e0156634. 

132.	Bufarah MN, Costa NA, Losilla MP, et al. Low caloric and pro-

tein intake is associated with mortality in patients with acute 

kidney injury. Clin Nutr ESPEN 2018;24:66–70. 

133.	van Ruijven IM, Stapel SN, Girbes AR, Weijs PJ. Early high pro-

tein provision and mortality in ICU patients including those re-

ceiving continuous renal replacement therapy. Eur J Clin Nutr 

2022;76:1303–1308. 

134.	Heyland DK, Patel J, Compher C, et al. The effect of higher 

protein dosing in critically ill patients with high nutritional risk 

(EFFORT Protein): an international, multicentre, pragmatic, 

registry-based randomised trial. Lancet 2023;401:568–576. 

135.	Scheinkestel CD, Adams F, Mahony L, et al. Impact of increas-

ing parenteral protein loads on amino acid levels and balance 

in critically ill anuric patients on continuous renal replacement 

therapy. Nutrition 2003;19:733–740. 

136.	Scheinkestel CD, Kar L, Marshall K, et al. Prospective random-

ized trial to assess caloric and protein needs of critically ill, 

anuric, ventilated patients requiring continuous renal replace-

ment therapy. Nutrition 2003;19:909–916. 

137.	Reintam Blaser A, Rooyackers O, Bear DE. How to avoid harm 

with feeding critically ill patients: a synthesis of viewpoints of a 

basic scientist, dietitian and intensivist. Crit Care 2023;27:258.

138.	Ostermann M, Lumlertgul N, Mehta R. Nutritional assessment 

and support during continuous renal replacement therapy. Se-

min Dial 2021;34:449–456. 

139.	Singer P, Blaser AR, Berger MM, et al. ESPEN guideline on clini-

cal nutrition in the intensive care unit. Clin Nutr 2019;38:48–79. 

140.	Singer P, Blaser AR, Berger MM, et al. ESPEN practical and par-

tially revised guideline: clinical nutrition in the intensive care 

unit. Clin Nutr 2023;42:1671–1689. 

141.	Macias WL, Alaka KJ, Murphy MH, Miller ME, Clark WR, Muel-

ler BA. Impact of the nutritional regimen on protein catabolism 

and nitrogen balance in patients with acute renal failure. JPEN J 

Parenter Enteral Nutr 1996;20:56–62. 

142.	Berger MM, Shenkin A, Revelly JP, et al. Copper, selenium, zinc, 

and thiamine balances during continuous venovenous hemo-

diafiltration in critically ill patients. Am J Clin Nutr 2004;80:410–

416. 

143.	Schneider AG, Picard W, Honoré PM, et al. Amino acids and 

vitamins status during continuous renal replacement therapy: 

an ancillary prospective observational study of a randomised 

control trial. Anaesth Crit Care Pain Med 2021;40:100813.

144.	Gundogan K, Yucesoy FS, Ozer NT, et al. Serum micronutrient 

levels in critically ill patients receiving continuous renal re-

placement therapy: a prospective, observational study. JPEN J 

Parenter Enteral Nutr 2022;46:1141–1148. 

145.	Lumlertgul N, Cameron LK, Bear DE, Ostermann M. Micro-

nutrient losses during continuous renal replacement therapy. 

Nephron 2023;147:759–765. 

146.	Garcia-Tsao G, Parikh CR, Viola A. Acute kidney injury in cir-

rhosis. Hepatology 2008;48:2064–2077. 

147.	Choi YJ, Kim JH, Koo JK, et al. Prevalence of renal dysfunction 

in patients with cirrhosis according to ADQI-IAC working party 

proposal. Clin Mol Hepatol 2014;20:185–191. 

148.	Friedman LS. The risk of surgery in patients with liver disease. 

Hepatology 1999;29:1617–1623. 

149.	Sedra AH, Strum E. The role of intraoperative hemodialy-

sis in liver transplant patients. Curr Opin Organ Transplant 

2011;16:323–325. 

150.	Karvellas CJ, Taylor S, Bigam D, et al. Intraoperative continu-

ous renal replacement therapy during liver transplantation: a 

pilot randomized-controlled trial (INCEPTION). Can J Anaesth 

2019;66:1151–1161. 

151.	LaMattina JC, Kelly PJ, Hanish SI, et al. Intraoperative contin-

uous veno-venous hemofiltration facilitates surgery in liver 

transplant patients with acute renal failure. Transplant Proc 

2015;47:1901–1904. 

152.	Safwan M, Gosnell J, Collins K, et al. Effects of intraoperative 

continuous renal replacement therapy on outcomes in liver 

transplantation. Transplant Proc 2020;52:265–270. 

153.	Baek SD, Jang M, Kim W, et al. Benefits of intraoperative contin-

uous renal replacement therapy during liver transplantation in 

https://doi.org/10.1177/0148607115621863
https://doi.org/10.1177/0148607115621863
https://doi.org/10.1177/0148607115621863
https://doi.org/10.1177/0148607115621863
https://doi.org/10.1016/j.clnu.2021.01.028
https://doi.org/10.1016/j.clnu.2021.01.028
https://doi.org/10.1016/j.clnu.2021.01.028
https://doi.org/10.1097/jcma.0000000000000662
https://doi.org/10.1097/jcma.0000000000000662
https://doi.org/10.1097/jcma.0000000000000662
https://doi.org/10.1159/000363175
https://doi.org/10.1159/000363175
https://doi.org/10.1159/000363175
https://doi.org/10.1159/000363175
https://doi.org/10.1371/journal.pone.0156634
https://doi.org/10.1371/journal.pone.0156634
https://doi.org/10.1371/journal.pone.0156634
https://doi.org/10.1371/journal.pone.0156634
https://doi.org/10.1016/j.clnesp.2018.01.012
https://doi.org/10.1016/j.clnesp.2018.01.012
https://doi.org/10.1016/j.clnesp.2018.01.012
https://doi.org/10.1038/s41430-022-01103-8
https://doi.org/10.1038/s41430-022-01103-8
https://doi.org/10.1038/s41430-022-01103-8
https://doi.org/10.1038/s41430-022-01103-8
https://doi.org/10.1016/s0140-6736(22)02469-2
https://doi.org/10.1016/s0140-6736(22)02469-2
https://doi.org/10.1016/s0140-6736(22)02469-2
https://doi.org/10.1016/s0140-6736(22)02469-2
https://doi.org/10.1016/s0899-9007(03)00107-2
https://doi.org/10.1016/s0899-9007(03)00107-2
https://doi.org/10.1016/s0899-9007(03)00107-2
https://doi.org/10.1016/s0899-9007(03)00107-2
https://doi.org/10.1016/s0899-9007(03)00175-8
https://doi.org/10.1016/s0899-9007(03)00175-8
https://doi.org/10.1016/s0899-9007(03)00175-8
https://doi.org/10.1016/s0899-9007(03)00175-8
https://doi.org/10.1186/s13054-023-04543-1
https://doi.org/10.1186/s13054-023-04543-1
https://doi.org/10.1186/s13054-023-04543-1
https://doi.org/10.1111/sdi.12973
https://doi.org/10.1111/sdi.12973
https://doi.org/10.1111/sdi.12973
https://doi.org/10.1016/j.clnu.2018.08.037
https://doi.org/10.1016/j.clnu.2018.08.037
https://doi.org/10.1016/j.clnu.2023.07.011
https://doi.org/10.1016/j.clnu.2023.07.011
https://doi.org/10.1016/j.clnu.2023.07.011
https://doi.org/10.1177/014860719602000156
https://doi.org/10.1177/014860719602000156
https://doi.org/10.1177/014860719602000156
https://doi.org/10.1177/014860719602000156
https://doi.org/10.1093/ajcn/80.2.410
https://doi.org/10.1093/ajcn/80.2.410
https://doi.org/10.1093/ajcn/80.2.410
https://doi.org/10.1093/ajcn/80.2.410
https://doi.org/10.1016/j.accpm.2021.100813
https://doi.org/10.1016/j.accpm.2021.100813
https://doi.org/10.1016/j.accpm.2021.100813
https://doi.org/10.1016/j.accpm.2021.100813
https://doi.org/10.1002/jpen.2378
https://doi.org/10.1002/jpen.2378
https://doi.org/10.1002/jpen.2378
https://doi.org/10.1002/jpen.2378
https://doi.org/10.1159/000531947
https://doi.org/10.1159/000531947
https://doi.org/10.1159/000531947
https://doi.org/10.1002/hep.22605
https://doi.org/10.1002/hep.22605
https://doi.org/10.3350/cmh.2014.20.2.185
https://doi.org/10.3350/cmh.2014.20.2.185
https://doi.org/10.3350/cmh.2014.20.2.185
https://doi.org/10.1002/hep.510290639
https://doi.org/10.1002/hep.510290639
https://doi.org/10.1097/mot.0b013e328346c8a2
https://doi.org/10.1097/mot.0b013e328346c8a2
https://doi.org/10.1097/mot.0b013e328346c8a2
https://doi.org/10.1007/s12630-019-01454-0
https://doi.org/10.1007/s12630-019-01454-0
https://doi.org/10.1007/s12630-019-01454-0
https://doi.org/10.1007/s12630-019-01454-0
https://doi.org/10.1016/j.transproceed.2015.05.005
https://doi.org/10.1016/j.transproceed.2015.05.005
https://doi.org/10.1016/j.transproceed.2015.05.005
https://doi.org/10.1016/j.transproceed.2015.05.005
https://doi.org/10.1016/j.transproceed.2019.11.026
https://doi.org/10.1016/j.transproceed.2019.11.026
https://doi.org/10.1016/j.transproceed.2019.11.026
https://doi.org/10.1016/j.transproceed.2017.03.094
https://doi.org/10.1016/j.transproceed.2017.03.094


S50 www.krcp-ksn.org

Kidney Res Clin Pract [Epub ahead of print]

patients with renal dysfunction. Transplant Proc 2017;49:1344–

1350. 

154.	Agopian VG, Dhillon A, Baber J, et al. Liver transplantation in 

recipients receiving renal replacement therapy: outcomes anal-

ysis and the role of intraoperative hemodialysis. Am J Trans-

plant 2014;14:1638–1647. 

155.	Parmar A, Bigam D, Meeberg G, et al. An evaluation of intraop-

erative renal support during liver transplantation: a matched 

cohort study. Blood Purif 2011;32:238–248. 

156.	Zimmerman MA, Selim M, Kim J, et al. Outcome analysis of 

continuous intraoperative renal replacement therapy in the 

highest acuity liver transplant recipients: a single-center experi-

ence. Surgery 2017;161:1279–1286. 

157.	Zygun D. Non-neurological organ dysfunction in neurocritical 

care: impact on outcome and etiological considerations. Curr 

Opin Crit Care 2005;11:139–143. 

158.	Gruber A, Reinprecht A, Illievich UM, et al. Extracerebral organ 

dysfunction and neurologic outcome after aneurysmal sub-

arachnoid hemorrhage. Crit Care Med 1999;27:505–514. 

159.	Büttner S, Stadler A, Mayer C, et al. Incidence, risk factors, and 

outcome of acute kidney injury in neurocritical care. J Intensive 

Care Med 2020;35:338–346. 

160.	Moore EM, Bellomo R, Nichol A, Harley N, Macisaac C, Cooper 

DJ. The incidence of acute kidney injury in patients with trau-

matic brain injury. Ren Fail 2010;32:1060–1065. 

161.	Covic A, Schiller A, Mardare NG, et al. The impact of acute kid-

ney injury on short-term survival in an Eastern European popu-

lation with stroke. Nephrol Dial Transplant 2008;23:2228–2234. 

162.	Wang D, Guo Y, Zhang Y, Li Z, Li A, Luo Y. Epidemiology of 

acute kidney injury in patients with stroke: a retrospective anal-

ysis from the neurology ICU. Intern Emerg Med 2018;13:17–25. 

163.	Zorrilla-Vaca A, Ziai W, Connolly ES, Geocadin R, Thompson 

R, Rivera-Lara L. Acute kidney injury following acute ischemic 

stroke and intracerebral hemorrhage: a meta-analysis of preva-

lence rate and mortality risk. Cerebrovasc Dis 2018;45:1–9. 

164.	Zacharia BE, Ducruet AF, Hickman ZL, et al. Renal dysfunction 

as an independent predictor of outcome after aneurysmal 

subarachnoid hemorrhage: a single-center cohort study. Stroke 

2009;40:2375–2381. 

165.	Tujjar O, Belloni I, Hougardy JM, et al. Acute kidney injury 

after subarachnoid hemorrhage. J Neurosurg Anesthesiol 

2017;29:140–149. 

166.	Ramírez-Guerrero G, Baghetti-Hernández R, Ronco C. Acute 

kidney injury at the neurocritical care unit. Neurocrit Care 

2022;36:640–649. 

167.	Messerer DAC, Halbgebauer R, Nilsson B, Pavenstädt H, Ra-

dermacher P, Huber-Lang M. Immunopathophysiology of trau-

ma-related acute kidney injury. Nat Rev Nephrol 2021;17:91–

111. 

168.	Kumar AB, Shi Y, Shotwell MS, Richards J, Ehrenfeld JM. Hyper-

natremia is a significant risk factor for acute kidney injury after 

subarachnoid hemorrhage: a retrospective analysis. Neurocrit 

Care 2015;22:184–191. 

169.	Sadan O, Singbartl K, Kraft J, et al. Low-chloride- versus 

high-chloride-containing hypertonic solution for the treatment 

of subarachnoid hemorrhage-related complications: the AC-

ETatE (A low ChloriE hyperTonic solution for brain Edema) 

randomized trial. J Intensive Care 2020;8:32.

170.	Qureshi AI, Palesch YY, Martin R, et al. Systolic blood pressure 

reduction and risk of acute renal injury in patients with intrace-

rebral hemorrhage. Am J Med 2012;125:718.e1–e6. 

171.	Diprose WK, Sutherland LJ, Wang MT, Barber PA. Contrast-as-

sociated acute kidney injury in endovascular thrombectomy 

patients with and without baseline renal impairment. Stroke 

2019;50:3527–3531. 

172.	Pickkers P, Darmon M, Hoste E, et al. Acute kidney injury in the 

critically ill: an updated review on pathophysiology and man-

agement. Intensive Care Med 2021;47:835–850. 

173.	Patel P, Nandwani V, McCarthy PJ, Conrad SA, Keith Scott L. 

Continuous renal replacement therapies: a brief primer for the 

neurointensivist. Neurocrit Care 2010;13:286–294. 

174.	Davenport A, Will EJ, Davidson AM. Improved cardiovascular 

stability during continuous modes of renal replacement thera-

py in critically ill patients with acute hepatic and renal failure. 

Crit Care Med 1993;21:328–338. 

175.	Davenport A. Renal replacement therapy in the patient with 

acute brain injury. Am J Kidney Dis 2001;37:457–466. 

176.	Cruz-Llanos L, Molano A, Rizo-Topete L. Continuous renal 

replacement therapy in acute brain injury. Front Nephrol 

2022;2:853677.

177.	Davenport A, Will EJ, Davison AM. Early changes in intracrani-

al pressure during haemofiltration treatment in patients with 

grade 4 hepatic encephalopathy and acute oliguric renal failure. 

Nephrol Dial Transplant 1990;5:192–198. 

178.	Tseng MF, Chou CL, Chung CH, et al. Continuous veno-venous 

hemofiltration yields better renal outcomes than intermittent 

hemodialysis among traumatic intracranial hemorrhage pa-

tients with acute kidney injury: a nationwide population-based 

retrospective study in Taiwan. PLoS One 2018;13:e0203088. 

179.	Kennedy AC, Linton AL, Luke RG, Renfrew S, Dinwoodie A. The 

https://doi.org/10.1016/j.transproceed.2017.03.094
https://doi.org/10.1016/j.transproceed.2017.03.094
https://doi.org/10.1111/ajt.12759
https://doi.org/10.1111/ajt.12759
https://doi.org/10.1111/ajt.12759
https://doi.org/10.1111/ajt.12759
https://doi.org/10.1159/000329485
https://doi.org/10.1159/000329485
https://doi.org/10.1159/000329485
https://doi.org/10.1016/j.surg.2016.10.027
https://doi.org/10.1016/j.surg.2016.10.027
https://doi.org/10.1016/j.surg.2016.10.027
https://doi.org/10.1016/j.surg.2016.10.027
https://doi.org/10.1097/01.ccx.0000155356.86241.c0
https://doi.org/10.1097/01.ccx.0000155356.86241.c0
https://doi.org/10.1097/01.ccx.0000155356.86241.c0
https://doi.org/10.1097/00003246-199903000-00026
https://doi.org/10.1097/00003246-199903000-00026
https://doi.org/10.1097/00003246-199903000-00026
https://doi.org/10.1177/0885066617748596
https://doi.org/10.1177/0885066617748596
https://doi.org/10.1177/0885066617748596
https://doi.org/10.3109/0886022x.2010.510234
https://doi.org/10.3109/0886022x.2010.510234
https://doi.org/10.3109/0886022x.2010.510234
https://doi.org/10.1093/ndt/gfm591
https://doi.org/10.1093/ndt/gfm591
https://doi.org/10.1093/ndt/gfm591
https://doi.org/10.1007/s11739-017-1703-z
https://doi.org/10.1007/s11739-017-1703-z
https://doi.org/10.1007/s11739-017-1703-z
https://doi.org/10.1159/000479338
https://doi.org/10.1159/000479338
https://doi.org/10.1159/000479338
https://doi.org/10.1159/000479338
https://doi.org/10.1161/strokeaha.108.545210
https://doi.org/10.1161/strokeaha.108.545210
https://doi.org/10.1161/strokeaha.108.545210
https://doi.org/10.1161/strokeaha.108.545210
https://doi.org/10.1097/ana.0000000000000270
https://doi.org/10.1097/ana.0000000000000270
https://doi.org/10.1097/ana.0000000000000270
https://doi.org/10.1007/s12028-021-01345-7
https://doi.org/10.1007/s12028-021-01345-7
https://doi.org/10.1007/s12028-021-01345-7
https://doi.org/10.1038/s41581-020-00344-9
https://doi.org/10.1038/s41581-020-00344-9
https://doi.org/10.1038/s41581-020-00344-9
https://doi.org/10.1038/s41581-020-00344-9
https://doi.org/10.1007/s12028-014-0067-8
https://doi.org/10.1007/s12028-014-0067-8
https://doi.org/10.1007/s12028-014-0067-8
https://doi.org/10.1007/s12028-014-0067-8
https://doi.org/10.1186/s40560-020-00449-0
https://doi.org/10.1186/s40560-020-00449-0
https://doi.org/10.1186/s40560-020-00449-0
https://doi.org/10.1186/s40560-020-00449-0
https://doi.org/10.1186/s40560-020-00449-0
https://doi.org/10.1016/j.amjmed.2011.09.031
https://doi.org/10.1016/j.amjmed.2011.09.031
https://doi.org/10.1016/j.amjmed.2011.09.031
https://doi.org/10.1161/strokeaha.119.026738
https://doi.org/10.1161/strokeaha.119.026738
https://doi.org/10.1161/strokeaha.119.026738
https://doi.org/10.1161/strokeaha.119.026738
https://doi.org/10.1007/s00134-021-06454-7
https://doi.org/10.1007/s00134-021-06454-7
https://doi.org/10.1007/s00134-021-06454-7
https://doi.org/10.1007/s12028-010-9386-6
https://doi.org/10.1007/s12028-010-9386-6
https://doi.org/10.1007/s12028-010-9386-6
https://doi.org/10.1097/00003246-199303000-00007
https://doi.org/10.1097/00003246-199303000-00007
https://doi.org/10.1097/00003246-199303000-00007
https://doi.org/10.1097/00003246-199303000-00007
https://doi.org/10.1016/s0272-6386(01)80001-9
https://doi.org/10.1016/s0272-6386(01)80001-9
https://doi.org/10.3389/fneph.2022.853677
https://doi.org/10.3389/fneph.2022.853677
https://doi.org/10.3389/fneph.2022.853677
https://doi.org/10.1093/ndt/5.3.192
https://doi.org/10.1093/ndt/5.3.192
https://doi.org/10.1093/ndt/5.3.192
https://doi.org/10.1093/ndt/5.3.192
https://doi.org/10.1371/journal.pone.0203088
https://doi.org/10.1371/journal.pone.0203088
https://doi.org/10.1371/journal.pone.0203088
https://doi.org/10.1371/journal.pone.0203088
https://doi.org/10.1371/journal.pone.0203088
https://doi.org/10.1016/s0140-6736(64)92981-2


Lee, et al. CKRT clinical practice guideline

S51www.krcp-ksn.org

pathogenesis and prevention of cerebral dysfunction during 

dialysis. Lancet 1964;1:790–793. 

180.	Bertrand YM, Hermant A, Mahieu P, Roels J. Intracranial pres-

sure changes in patients with head trauma during haemodialy-

sis. Intensive Care Med 1983;9:321–323. 

181.	Davenport A. Intradialytic complications during hemodialysis. 

Hemodial Int 2006;10:162–167. 

182.	Davenport A, Will EJ, Losowsky MS. Rebound surges of intra-

cranial pressure as a consequence of forced ultrafiltration used 

to control intracranial pressure in patients with severe hepato-

renal failure. Am J Kidney Dis 1989;14:516–519. 

183.	Davenport A. Renal replacement therapy for the patient with 

acute traumatic brain injury and severe acute kidney injury. 

Contrib Nephrol 2007;156:333–339. 

184.	Lund A, Damholt MB, Wiis J, Kelsen J, Strange DG, Møller K. In-

tracranial pressure during hemodialysis in patients with acute 

brain injury. Acta Anaesthesiol Scand 2019;63:493–499. 

185.	Zhu X, Han Q, Xia L, Shang J, Yan X. Efficacy of two hemodi-

alyses in patients with chronic renal failure complicated by 

massive intracerebral hemorrhage. Ann Clin Transl Neurol 

2023;10:1186–1199. 

186.	Parsons AD, Sanscrainte C, Leone A, Griepp DW, Rahme R. Di-

alysis disequilibrium syndrome and intracranial pressure fluc-

tuations in neurosurgical patients undergoing renal replace-

ment therapy: systematic review and pooled analysis. World 

Neurosurg 2023;170:2–6. 

187.	Davenport A. Practical guidance for dialyzing a hemodialysis 

patient following acute brain injury. Hemodial Int 2008;12:307–

312. 

188.	Schmidt M, Pham T, Arcadipane A, et al. Mechanical ventila-

tion management during extracorporeal membrane oxygen-

ation for acute respiratory distress syndrome: an international 

multicenter prospective cohort. Am J Respir Crit Care Med 

2019;200:1002–1012. 

189.	Gao P, Jin Y, Zhang P, Wang W, Hu J, Liu J. Nadir oxygen delivery 

is associated with postoperative acute kidney injury in low-

weight infants undergoing cardiopulmonary bypass. Front Car-

diovasc Med 2022;9:1020846.

190.	Allyn J, Ferdynus C, Lo Pinto H, et al. Complication patterns in 

patients undergoing venoarterial extracorporeal membrane 

oxygenation in intensive care unit: multiple correspondence 

analysis and hierarchical ascendant classification. PLoS One 

2018;13:e0203643. 

191.	Baek MS, Lee SM, Chung CR, et al. Improvement in the survival 

rates of extracorporeal membrane oxygenation-supported re-

spiratory failure patients: a multicenter retrospective study in 

Korean patients. Crit Care 2019;23:1.

192.	Brogan TV, Thiagarajan RR, Lorusso R, et al. The use of extra-

corporeal membrane oxygenation in human immunodeficien-

cy virus-positive patients: a review of a multicenter database. 

Perfusion 2020;35:772–777. 

193.	Burke CR, Chan T, McMullan DM. Extracorporeal life support 

use in adult burn patients. J Burn Care Res 2017;38:174–178. 

194.	Chapman JT, Breeding J, Kerr SJ, Bajic M, Nair P, Buscher H. 

CNS complications in adult patients treated with extracorpore-

al membrane oxygenation. Crit Care Med 2021;49:282–291. 

195.	Combes A, Leprince P, Luyt CE, et al. Outcomes and long-term 

quality-of-life of patients supported by extracorporeal mem-

brane oxygenation for refractory cardiogenic shock. Crit Care 

Med 2008;36:1404–1411. 

196.	Dado DN, Ainsworth CR, Thomas SB, et al. Outcomes among 

patients treated with renal replacement therapy during extra-

corporeal membrane oxygenation: a single-center retrospective 

study. Blood Purif 2020;49:341–347. 

197.	Dalia AA, Lu SY, Villavicencio M, et al. Extracorporeal car-

diopulmonary resuscitation: outcomes and complications 

at a quaternary referral center. J Cardiothorac Vasc Anesth 

2020;34:1191–1194. 

198.	Deatrick KB, Mazzeffi MA, Galvagno SM, et al. Breathing life 

back into the kidney-continuous renal replacement therapy 

and veno-venous extracorporeal membrane oxygenation. 

ASAIO J 2021;67:208–212. 

199.	Devasagayaraj R, Cavarocchi NC, Hirose H. Does acute kidney 

injury affect survival in adults with acute respiratory distress 

syndrome requiring extracorporeal membrane oxygenation? 

Perfusion 2018;33:375–382. 

200.	Ding X, Xie H, Yang F, Wang L, Hou X. Risk factors of acute 

renal injury and in-hospital mortality in adult patients with 

postcardiotomy cardiogenic shock requiring veno-arterial ex-

tracorporeal membrane oxygenation: utility of MELD-XI score. 

Perfusion 2022;37:505–514. 

201.	Fong KM, Au SY, Ng GW, Leung AK. Positive fluid balance and 

mortality in adult patients treated with extracorporeal mem-

brane oxygenation: a retrospective study. J Intensive Care Soc 

2020;21:210–220. 

202.	Guru PK, Seelhammer TG, Singh TD, et al. Outcomes of adult 

patients supported by extracorporeal membrane oxygenation 

(ECMO) following cardiopulmonary arrest: the Mayo clinic ex-

perience. J Card Surg 2021;36:3528–3539. 

203.	Han KS, Kim SJ, Lee EJ, Jung JS, Park JH, Lee SW. Experience of 

https://doi.org/10.1016/s0140-6736(64)92981-2
https://doi.org/10.1016/s0140-6736(64)92981-2
https://doi.org/10.1007/bf01692550
https://doi.org/10.1007/bf01692550
https://doi.org/10.1007/bf01692550
https://doi.org/10.1111/j.1542-4758.2006.00088.x
https://doi.org/10.1111/j.1542-4758.2006.00088.x
https://doi.org/10.1016/s0272-6386(89)80153-2
https://doi.org/10.1016/s0272-6386(89)80153-2
https://doi.org/10.1016/s0272-6386(89)80153-2
https://doi.org/10.1016/s0272-6386(89)80153-2
https://doi.org/10.1159/000102124
https://doi.org/10.1159/000102124
https://doi.org/10.1159/000102124
https://doi.org/10.1111/aas.13298
https://doi.org/10.1111/aas.13298
https://doi.org/10.1111/aas.13298
https://doi.org/10.1002/acn3.51800
https://doi.org/10.1002/acn3.51800
https://doi.org/10.1002/acn3.51800
https://doi.org/10.1002/acn3.51800
https://doi.org/10.1016/j.wneu.2022.11.142
https://doi.org/10.1016/j.wneu.2022.11.142
https://doi.org/10.1016/j.wneu.2022.11.142
https://doi.org/10.1016/j.wneu.2022.11.142
https://doi.org/10.1016/j.wneu.2022.11.142
https://doi.org/10.1111/j.1542-4758.2008.00271.x
https://doi.org/10.1111/j.1542-4758.2008.00271.x
https://doi.org/10.1111/j.1542-4758.2008.00271.x
https://doi.org/10.1164/rccm.201806-1094oc
https://doi.org/10.1164/rccm.201806-1094oc
https://doi.org/10.1164/rccm.201806-1094oc
https://doi.org/10.1164/rccm.201806-1094oc
https://doi.org/10.1164/rccm.201806-1094oc
https://doi.org/10.3389/fcvm.2022.1020846
https://doi.org/10.3389/fcvm.2022.1020846
https://doi.org/10.3389/fcvm.2022.1020846
https://doi.org/10.3389/fcvm.2022.1020846
https://doi.org/10.1371/journal.pone.0203643
https://doi.org/10.1371/journal.pone.0203643
https://doi.org/10.1371/journal.pone.0203643
https://doi.org/10.1371/journal.pone.0203643
https://doi.org/10.1371/journal.pone.0203643
https://doi.org/10.1186/s13054-018-2293-5
https://doi.org/10.1186/s13054-018-2293-5
https://doi.org/10.1186/s13054-018-2293-5
https://doi.org/10.1186/s13054-018-2293-5
https://doi.org/10.1177/0267659120906966
https://doi.org/10.1177/0267659120906966
https://doi.org/10.1177/0267659120906966
https://doi.org/10.1177/0267659120906966
https://doi.org/10.1097/bcr.0000000000000436
https://doi.org/10.1097/bcr.0000000000000436
https://doi.org/10.1097/ccm.0000000000004789
https://doi.org/10.1097/ccm.0000000000004789
https://doi.org/10.1097/ccm.0000000000004789
https://doi.org/10.1097/ccm.0b013e31816f7cf7
https://doi.org/10.1097/ccm.0b013e31816f7cf7
https://doi.org/10.1097/ccm.0b013e31816f7cf7
https://doi.org/10.1097/ccm.0b013e31816f7cf7
https://doi.org/10.1159/000504287
https://doi.org/10.1159/000504287
https://doi.org/10.1159/000504287
https://doi.org/10.1159/000504287
https://doi.org/10.1053/j.jvca.2019.12.016
https://doi.org/10.1053/j.jvca.2019.12.016
https://doi.org/10.1053/j.jvca.2019.12.016
https://doi.org/10.1053/j.jvca.2019.12.016
https://doi.org/10.1097/mat.0000000000001210
https://doi.org/10.1097/mat.0000000000001210
https://doi.org/10.1097/mat.0000000000001210
https://doi.org/10.1097/mat.0000000000001210
https://doi.org/10.1177/0267659118755272
https://doi.org/10.1177/0267659118755272
https://doi.org/10.1177/0267659118755272
https://doi.org/10.1177/0267659118755272
https://doi.org/10.1177/02676591211006619
https://doi.org/10.1177/02676591211006619
https://doi.org/10.1177/02676591211006619
https://doi.org/10.1177/02676591211006619
https://doi.org/10.1177/02676591211006619
https://doi.org/10.1177/1751143719862240
https://doi.org/10.1177/1751143719862240
https://doi.org/10.1177/1751143719862240
https://doi.org/10.1177/1751143719862240
https://doi.org/10.1111/jocs.15804
https://doi.org/10.1111/jocs.15804
https://doi.org/10.1111/jocs.15804
https://doi.org/10.1111/jocs.15804
https://doi.org/10.1002/clc.23169


S52 www.krcp-ksn.org

Kidney Res Clin Pract [Epub ahead of print]

extracorporeal cardiopulmonary resuscitation in a refractory 

cardiac arrest patient at the emergency department. Clin Car-

diol 2019;42:459–466. 

204.	Haneya A, Diez C, Philipp A, et al. Impact of acute kidney injury 

on outcome in patients with severe acute respiratory failure re-

ceiving extracorporeal membrane oxygenation. Crit Care Med 

2015;43:1898–1906. 

205.	Harley O, Reynolds C, Nair P, Buscher H. Long-term survival, 

posttraumatic stress, and quality of life post extracorporeal 

membrane oxygenation. ASAIO J 2020;66:909–914. 

206.	Herrmann J, Lotz C, Karagiannidis C, et al. Key characteristics 

impacting survival of COVID-19 extracorporeal membrane ox-

ygenation. Crit Care 2022;26:190.

207.	Joo S, Cho S, Lee JH, et al. Postcardiotomy extracorporeal mem-

brane oxygenation support in patients with congenital heart 

disease. J Chest Surg 2022;55:158–167. 

208.	Kielstein JT, Heiden AM, Beutel G, et al. Renal function and sur-

vival in 200 patients undergoing ECMO therapy. Nephrol Dial 

Transplant 2013;28:86–90. 

209.	Laimoud M, Alanazi M, Qureshi R. Hospital outcomes after 

emergent peripheral veno-arterial extracorporeal membrane 

oxygenation in adult patients presenting with cardiogenic 

shock. Signa Vitae 2021;17:103–109.

210.	Lim K, Choi JO, Yang JH, et al. Cardiac resynchronization ther-

apy device implantation in a patient with cardiogenic shock 

under percutaneous mechanical circulatory support. Korean 

Circ J 2017;47:132–135. 

211.	Lumlertgul N, Wright R, Hutson G, et al. Long-term outcomes 

in patients who received veno-venous extracorporeal mem-

brane oxygenation and renal replacement therapy: a retrospec-

tive cohort study. Ann Intensive Care 2022;12:70.

212.	Luo XJ, Wang W, Sun HS, et al. [Extracorporeal membrane ox-

ygenation for treatment of cardiorespiratory function failure in 

adult patients]. Zhonghua Wai Ke Za Zhi 2009 47:1563–1565. In 

Chinese. 

213.	McCloskey CG, Engoren MC. Transfusion and its association 

with mortality in patients receiving veno-arterial extracorporeal 

membrane oxygenation. J Crit Care 2022;68:42–47. 

214.	Natanov R, Kunkel ER, Wiesner O, et al. Determinants of surviv-

al in patients on extracorporeal membrane oxygenation thera-

py due to severe covid-19. Perfusion 2023;38:1393–1398. 

215.	Panholzer B, Meckelburg K, Huenges K, et al. Extracorporeal 

membrane oxygenation for acute respiratory distress syndrome 

in adults: an analysis of differences between survivors and 

non-survivors. Perfusion 2017;32:495–500. 

216.	Pappalardo F, Pieri M, Arnaez Corada B, et al. Timing and strat-

egy for weaning from venoarterial ECMO are complex issues. J 

Cardiothorac Vasc Anesth 2015;29:906–911. 

217.	Park HS, Cho SJ, Ryu SM, et al. Analysis of the effect of renal 

replacement therapy: in the prolonged extracorporeal mem-

brane oxygenation patients. Korean J Thorac Cardiovasc Surg 

2014;47:373–377. 

218.	Schurr JW, Noubani M, Santore LA, et al. Survival and out-

comes after cardiac arrest with VA-ECMO rescue therapy. 

Shock 2021;56:939–947. 

219.	Thomas JM, Dado DN, Basel AP, et al. Adjunct use of continu-

ous renal replacement therapy with extracorporeal membrane 

oxygenation achieves negative fluid balance and enhances 

oxygenation which improves survival in critically ill patients 

without kidney failure. Blood Purif 2022;51:477–484. 

220.	Worku B, Khin S, Gaudino M, et al. Renal replacement therapy 

in patients on extracorporeal membrane oxygenation support: 

who and how. Int J Artif Organs 2021;44:531–538. 

221.	Wu MY, Lin PJ, Lee MY, et al. Using extracorporeal life support 

to resuscitate adult postcardiotomy cardiogenic shock: treat-

ment strategies and predictors of short-term and midterm sur-

vival. Resuscitation 2010;81:1111–1116. 

222.	Yan X, Jia S, Meng X, et al. Acute kidney injury in adult postcar-

diotomy patients with extracorporeal membrane oxygenation: 

evaluation of the RIFLE classification and the acute kidney in-

jury network criteria. Eur J Cardiothorac Surg 2010;37:334–338. 

223.	Yap HJ, Chen YC, Fang JT, Huang CC. Combination of contin-

uous renal replacement therapies (CRRT) and extracorporeal 

membrane oxygenation (ECMO) for advanced cardiac patients. 

Ren Fail 2003;25:183–193. 

224.	Zhang J, Merrick B, Correa GL, et al. Veno-venous extracorpo-

real membrane oxygenation in coronavirus disease 2019: a case 

series. ERJ Open Res 2020;6:00463–2020. 

225.	Lee SY, Jeon KH, Lee HJ, et al. Complications of veno-arterial 

extracorporeal membrane oxygenation for refractory cardio-

genic shock or cardiac arrest. Int J Artif Organs 2020;43:37–44. 

226.	Schmidt M, Bailey M, Kelly J, et al. Impact of fluid balance on 

outcome of adult patients treated with extracorporeal mem-

brane oxygenation. Intensive Care Med 2014;40:1256–1266. 

227.	Burrell AJ, Pellegrino VA, Wolfe R, et al. Long-term survival of 

adults with cardiogenic shock after venoarterial extracorporeal 

membrane oxygenation. J Crit Care 2015;30:949–956. 

228.	Cho WH, Choi YY, Byun KS, et al. Prognostic value of sarcope-

nia for long-term mortality in extracorporeal membrane oxy-

genation for acute respiratory failure. ASAIO J 2020;66:367–372. 

https://doi.org/10.1002/clc.23169
https://doi.org/10.1002/clc.23169
https://doi.org/10.1002/clc.23169
https://doi.org/10.1097/ccm.0000000000001141
https://doi.org/10.1097/ccm.0000000000001141
https://doi.org/10.1097/ccm.0000000000001141
https://doi.org/10.1097/ccm.0000000000001141
https://doi.org/10.1097/mat.0000000000001095
https://doi.org/10.1097/mat.0000000000001095
https://doi.org/10.1097/mat.0000000000001095
https://www.ncbi.nlm.nih.gov/pubmed/35765102
https://www.ncbi.nlm.nih.gov/pubmed/35765102
https://www.ncbi.nlm.nih.gov/pubmed/35765102
https://doi.org/10.5090/jcs.21.135
https://doi.org/10.5090/jcs.21.135
https://doi.org/10.5090/jcs.21.135
https://doi.org/10.1093/ndt/gfs398
https://doi.org/10.1093/ndt/gfs398
https://doi.org/10.1093/ndt/gfs398
https://doi.org/10.22514/sv.2021.118
https://doi.org/10.22514/sv.2021.118
https://doi.org/10.22514/sv.2021.118
https://doi.org/10.22514/sv.2021.118
https://doi.org/10.4070/kcj.2016.0176
https://doi.org/10.4070/kcj.2016.0176
https://doi.org/10.4070/kcj.2016.0176
https://doi.org/10.4070/kcj.2016.0176
https://doi.org/10.1186/s13613-022-01046-0
https://doi.org/10.1186/s13613-022-01046-0
https://doi.org/10.1186/s13613-022-01046-0
https://doi.org/10.1186/s13613-022-01046-0
https://www.ncbi.nlm.nih.gov/pubmed/20092747
https://www.ncbi.nlm.nih.gov/pubmed/20092747
https://www.ncbi.nlm.nih.gov/pubmed/20092747
https://www.ncbi.nlm.nih.gov/pubmed/20092747
https://doi.org/10.1016/j.jcrc.2021.11.012
https://doi.org/10.1016/j.jcrc.2021.11.012
https://doi.org/10.1016/j.jcrc.2021.11.012
https://doi.org/10.1177/02676591221113135
https://doi.org/10.1177/02676591221113135
https://doi.org/10.1177/02676591221113135
https://doi.org/10.1177/0267659117693075
https://doi.org/10.1177/0267659117693075
https://doi.org/10.1177/0267659117693075
https://doi.org/10.1177/0267659117693075
https://doi.org/10.1053/j.jvca.2014.12.011
https://doi.org/10.1053/j.jvca.2014.12.011
https://doi.org/10.1053/j.jvca.2014.12.011
https://doi.org/10.5090/kjtcs.2014.47.4.373
https://doi.org/10.5090/kjtcs.2014.47.4.373
https://doi.org/10.5090/kjtcs.2014.47.4.373
https://doi.org/10.5090/kjtcs.2014.47.4.373
https://doi.org/10.1097/shk.0000000000001809
https://doi.org/10.1097/shk.0000000000001809
https://doi.org/10.1097/shk.0000000000001809
https://doi.org/10.1159/000517896
https://doi.org/10.1159/000517896
https://doi.org/10.1159/000517896
https://doi.org/10.1159/000517896
https://doi.org/10.1159/000517896
https://doi.org/10.1177/0391398820980451
https://doi.org/10.1177/0391398820980451
https://doi.org/10.1177/0391398820980451
https://doi.org/10.1016/j.resuscitation.2010.04.031
https://doi.org/10.1016/j.resuscitation.2010.04.031
https://doi.org/10.1016/j.resuscitation.2010.04.031
https://doi.org/10.1016/j.resuscitation.2010.04.031
https://doi.org/10.1016/j.ejcts.2009.07.004
https://doi.org/10.1016/j.ejcts.2009.07.004
https://doi.org/10.1016/j.ejcts.2009.07.004
https://doi.org/10.1016/j.ejcts.2009.07.004
https://doi.org/10.1081/jdi-120018719
https://doi.org/10.1081/jdi-120018719
https://doi.org/10.1081/jdi-120018719
https://doi.org/10.1081/jdi-120018719
https://doi.org/10.1183/23120541.00463-2020
https://doi.org/10.1183/23120541.00463-2020
https://doi.org/10.1183/23120541.00463-2020
https://doi.org/10.1177/0391398819868483
https://doi.org/10.1177/0391398819868483
https://doi.org/10.1177/0391398819868483
https://doi.org/10.1007/s00134-014-3360-2
https://doi.org/10.1007/s00134-014-3360-2
https://doi.org/10.1007/s00134-014-3360-2
https://doi.org/10.1016/j.jcrc.2015.05.022
https://doi.org/10.1016/j.jcrc.2015.05.022
https://doi.org/10.1016/j.jcrc.2015.05.022
https://doi.org/10.1097/mat.0000000000001006
https://doi.org/10.1097/mat.0000000000001006
https://doi.org/10.1097/mat.0000000000001006


Lee, et al. CKRT clinical practice guideline

S53www.krcp-ksn.org

229.	Antonucci E, Lamanna I, Fagnoul D, Vincent JL, De Backer D, 

Silvio Taccone F. The impact of renal failure and renal replace-

ment therapy on outcome during extracorporeal membrane 

oxygenation therapy. Artif Organs 2016;40:746–754. 

230.	Braunsteiner J, Jarczak D, Schmidt-Lauber C, et al. Outcomes of 

critically ill coronavirus disease 2019 patients requiring kidney 

replacement therapy: a retrospective cohort study. Front Med 

(Lausanne) 2022;9:1027586.

231.	Higashijima U, Sekino M, Egashira T, et al. Maximum and 

minimum lactate levels within 24 hours after veno-arterial ex-

tracorporeal membrane oxygenation induction are risk factors 

for intensive care unit mortality: a retrospective observational 

study. Acta Medica Nagasakiensia 2020;63:61–69.

232.	Extracorporeal Life Support Organization (ECLS). ECLS Inter-

national Summary of Statistics. ECLS, 2025 [2025 Oct 10] Avail-

able at https://www.elso.org/registry/internationalsummary-

andreports/internationalsummary.aspx

233.	Li C, Wang H, Liu N, Jia M, Hou X. The effect of simultaneous 

renal replacement therapy on extracorporeal membrane oxy-

genation support for postcardiotomy patients with cardiogenic 

shock: a pilot randomized controlled trial. J Cardiothorac Vasc 

Anesth 2019;33:3063–3072. 

234.	Paek JH, Park S, Lee A, et al. Timing for initiation of sequen-

tial continuous renal replacement therapy in patients on ex-

tracorporeal membrane oxygenation. Kidney Res Clin Pract 

2018;37:239–247. 

235.	Lin YC, Lin YC, Lin FC, et al. Early continuous renal replace-

ment therapy in cardiogenic shock patients with severe acute 

kidney injury undergoing extracorporeal membrane oxygen-

ation. Cardiorenal Med 2014;4:130–139. 

236.	Beltramo F, DiCarlo J, Gruber JB, Taylor T, Totapally BR. Renal 

replacement therapy modalities in critically ill children. Pediatr 

Crit Care Med 2019;20:e1–e9. 

237.	Hayes LW, Oster RA, Tofil NM, Tolwani AJ. Outcomes of critical-

ly ill children requiring continuous renal replacement therapy. 

J Crit Care 2009;24:394–400. 

238.	Gillespie RS, Seidel K, Symons JM. Effect of fluid overload and 

dose of replacement fluid on survival in hemofiltration. Pediatr 

Nephrol 2004;19:1394–1399. 

239.	Foland JA, Fortenberry JD, Warshaw BL, et al. Fluid overload 

before continuous hemofiltration and survival in critically ill 

children: a retrospective analysis. Crit Care Med 2004;32:1771–

1776. 

240.	Goldstein SL, Currier H, Graf JM, Cosio CC, Brewer ED, Sach-

deva R. Outcome in children receiving continuous venovenous 

hemofiltration. Pediatrics 2001;107:1309–1312. 

241.	Goldstein SL, Somers MJ, Baum MA, et al. Pediatric patients 

with multi-organ dysfunction syndrome receiving continuous 

renal replacement therapy. Kidney Int 2005;67:653–658. 

242.	Acute Kidney Injury Work Group. KDIGO clinical practice 

guideline for acute kidney injury. Kidney Int Suppl 2012;2:1–

138.

243.	Sutherland SM, Zappitelli M, Alexander SR, et al. Fluid over-

load and mortality in children receiving continuous renal re-

placement therapy: the prospective pediatric continuous renal 

replacement therapy registry. Am J Kidney Dis 2010;55:316–325. 

244.	Chen Z, Wang H, Wu Z, et al. Continuous renal-replacement 

therapy in critically ill children: practice changes and associa-

tion with outcome. Pediatr Crit Care Med 2021;22:e605–e612. 

245.	Cortina G, McRae R, Hoq M, et al. Mortality of critically ill chil-

dren requiring continuous renal replacement therapy: effect 

of fluid overload, underlying disease, and timing of initiation. 

Pediatr Crit Care Med 2019;20:314–322. 

246.	Gist KM, Misfeldt A, Sahay RD, et al. Acute kidney injury and 

fluid overload in pediatric extracorporeal cardio-pulmonary 

resuscitation: a multicenter retrospective cohort study. ASAIO J 

2022;68:956–963. 

247.	Gorga SM, Lima L, Askenazi DJ, et al. Fluid balance manage-

ment informs renal replacement therapy use during pediatric 

extracorporeal membrane oxygenation: a survey report from 

the kidney intervention during extracorporeal membrane oxy-

genation group. ASAIO J 2022;68:407–412. 

248.	Gorga SM, Sahay RD, Askenazi DJ, et al. Fluid overload and flu-

id removal in pediatric patients on extracorporeal membrane 

oxygenation requiring continuous renal replacement thera-

py: a multicenter retrospective cohort study. Pediatr Nephrol 

2020;35:871–882. 

249.	Lee ST, Cho H. Fluid overload and outcomes in neonates re-

ceiving continuous renal replacement therapy. Pediatr Nephrol 

2016;31:2145–2152. 

250.	Michael M, Kuehnle I, Goldstein SL. Fluid overload and acute 

renal failure in pediatric stem cell transplant patients. Pediatr 

Nephrol 2004;19:91–95. 

251.	Murphy HJ, Cahill JB, Twombley KE, Annibale DJ, Kiger JR. 

Implementing a practice change: early initiation of continuous 

renal replacement therapy during neonatal extracorporeal life 

support standardizes care and improves short-term outcomes. 

J Artif Organs 2018;21:76–85. 

252.	Park KS, Son KY, Hwang YS, et al. Outcome and prognosis in 

critically ill children receiving continuous renal replacement 

https://doi.org/10.1111/aor.12695
https://doi.org/10.1111/aor.12695
https://doi.org/10.1111/aor.12695
https://doi.org/10.1111/aor.12695
https://doi.org/10.3389/fmed.2022.1027586
https://doi.org/10.3389/fmed.2022.1027586
https://doi.org/10.3389/fmed.2022.1027586
https://doi.org/10.3389/fmed.2022.1027586
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://doi.org/10.1053/j.jvca.2019.02.031
https://doi.org/10.1053/j.jvca.2019.02.031
https://doi.org/10.1053/j.jvca.2019.02.031
https://doi.org/10.1053/j.jvca.2019.02.031
https://doi.org/10.1053/j.jvca.2019.02.031
https://doi.org/10.23876/j.krcp.2018.37.3.239
https://doi.org/10.23876/j.krcp.2018.37.3.239
https://doi.org/10.23876/j.krcp.2018.37.3.239
https://doi.org/10.23876/j.krcp.2018.37.3.239
https://doi.org/10.1159/000364835
https://doi.org/10.1159/000364835
https://doi.org/10.1159/000364835
https://doi.org/10.1159/000364835
https://doi.org/10.1097/pcc.0000000000001754
https://doi.org/10.1097/pcc.0000000000001754
https://doi.org/10.1097/pcc.0000000000001754
https://doi.org/10.1016/j.jcrc.2008.12.017
https://doi.org/10.1016/j.jcrc.2008.12.017
https://doi.org/10.1016/j.jcrc.2008.12.017
https://doi.org/10.1007/s00467-004-1655-1
https://doi.org/10.1007/s00467-004-1655-1
https://doi.org/10.1007/s00467-004-1655-1
https://doi.org/10.1097/01.ccm.0000132897.52737.49
https://doi.org/10.1097/01.ccm.0000132897.52737.49
https://doi.org/10.1097/01.ccm.0000132897.52737.49
https://doi.org/10.1097/01.ccm.0000132897.52737.49
https://doi.org/10.1542/peds.107.6.1309
https://doi.org/10.1542/peds.107.6.1309
https://doi.org/10.1542/peds.107.6.1309
https://doi.org/10.1111/j.1523-1755.2005.67121.x
https://doi.org/10.1111/j.1523-1755.2005.67121.x
https://doi.org/10.1111/j.1523-1755.2005.67121.x
https://doi.org/10.1053/j.ajkd.2009.10.048
https://doi.org/10.1053/j.ajkd.2009.10.048
https://doi.org/10.1053/j.ajkd.2009.10.048
https://doi.org/10.1053/j.ajkd.2009.10.048
https://doi.org/10.1097/pcc.0000000000002751
https://doi.org/10.1097/pcc.0000000000002751
https://doi.org/10.1097/pcc.0000000000002751
https://doi.org/10.1097/pcc.0000000000001806
https://doi.org/10.1097/pcc.0000000000001806
https://doi.org/10.1097/pcc.0000000000001806
https://doi.org/10.1097/pcc.0000000000001806
https://doi.org/10.1097/mat.0000000000001601
https://doi.org/10.1097/mat.0000000000001601
https://doi.org/10.1097/mat.0000000000001601
https://doi.org/10.1097/mat.0000000000001601
https://doi.org/10.1097/mat.0000000000001471
https://doi.org/10.1097/mat.0000000000001471
https://doi.org/10.1097/mat.0000000000001471
https://doi.org/10.1097/mat.0000000000001471
https://doi.org/10.1097/mat.0000000000001471
https://doi.org/10.1007/s00467-019-04468-4
https://doi.org/10.1007/s00467-019-04468-4
https://doi.org/10.1007/s00467-019-04468-4
https://doi.org/10.1007/s00467-019-04468-4
https://doi.org/10.1007/s00467-019-04468-4
https://doi.org/10.1007/s00467-016-3363-z
https://doi.org/10.1007/s00467-016-3363-z
https://doi.org/10.1007/s00467-016-3363-z
https://doi.org/10.1007/s00467-003-1313-z
https://doi.org/10.1007/s00467-003-1313-z
https://doi.org/10.1007/s00467-003-1313-z
https://doi.org/10.1007/s10047-017-1000-7
https://doi.org/10.1007/s10047-017-1000-7
https://doi.org/10.1007/s10047-017-1000-7
https://doi.org/10.1007/s10047-017-1000-7
https://doi.org/10.1007/s10047-017-1000-7
https://doi.org/10.3339/jkspn.2007.11.2.247
https://doi.org/10.3339/jkspn.2007.11.2.247


S54 www.krcp-ksn.org

Kidney Res Clin Pract [Epub ahead of print]

therapy. J Korean Soc Pediatr Nephrol 2007;11:247–254. 

253.	Sanchez-de-Toledo J, Perez-Ortiz A, Gil L, et al. Early initiation 

of renal replacement therapy in pediatric heart surgery is asso-

ciated with lower mortality. Pediatr Cardiol 2016;37:623–628. 

254.	Selewski DT, Cornell TT, Blatt NB, et al. Fluid overload and fluid 

removal in pediatric patients on extracorporeal membrane oxy-

genation requiring continuous renal replacement therapy. Crit 

Care Med 2012;40:2694–2699. 

255.	Selewski DT, Cornell TT, Lombel RM, et al. Weight-based de-

termination of fluid overload status and mortality in pediatric 

intensive care unit patients requiring continuous renal replace-

ment therapy. Intensive Care Med 2011;37:1166–1173. 

256.	Wolf MJ, Chanani NK, Heard ML, Kanter KR, Mahle WT. Early 

renal replacement therapy during pediatric cardiac extracorpo-

real support increases mortality. Ann Thorac Surg 2013;96:917–

922. 

257.	Modem V, Thompson M, Gollhofer D, Dhar AV, Quigley R. Tim-

ing of continuous renal replacement therapy and mortality in 

critically ill children*. Crit Care Med 2014;42:943–953. 

258.	Allegretti AS, Steele DJ, David-Kasdan JA, Bajwa E, Niles JL, 

Bhan I. Continuous renal replacement therapy outcomes in 

acute kidney injury and end-stage renal disease: a cohort study. 

Crit Care 2013;17:R109.

259.	Harris DG, McCrone MP, Koo G, et al. Epidemiology and out-

comes of acute kidney injury in critically ill surgical patients. J 

Crit Care 2015;30:102–106. 

260.	Keleshian V, Kashani KB, Kompotiatis P, Barsness GW, Jentzer 

JC. Short, and long-term mortality among cardiac intensive 

care unit patients started on continuous renal replacement 

therapy. J Crit Care 2020;55:64–72. 

261.	Bouchard J, Cutter G, Mehta R. Timing of initiation of re-

nal-replacement therapy in acute kidney injury. N Engl J Med 

2020;383:1796.

262.	Boulware LE, Troll MU, Jaar BG, Myers DI, Powe NR. Identifi-

cation and referral of patients with progressive CKD: a national 

study. Am J Kidney Dis 2006;48:192–204. 

263.	Agapito Fonseca J, Gameiro J, Marques F, Lopes JA. Timing of 

initiation of renal replacement therapy in sepsis-associated 

acute kidney injury. J Clin Med 2020;9:1413.

264.	Clark E, Wald R, Walsh M, Bagshaw SM. Timing of initiation of 

renal replacement therapy for acute kidney injury: a survey of 

nephrologists and intensivists in Canada. Nephrol Dial Trans-

plant 2012;27:2761–2767. 

265.	Lee J, Kim SG, Yun D, et al. Consulting to nephrologist when 

starting continuous renal replacement therapy for acute 

kidney injury is associated with a survival benefit. PLoS One 

2023;18:e0281831. 

266.	Uchino S, Bellomo R, Morimatsu H, et al. Continuous renal re-

placement therapy: a worldwide practice survey: the beginning 

and ending supportive therapy for the kidney (B.E.S.T. kidney) 

investigators. Intensive Care Med 2007;33:1563–1570. 

267.	Kee YK, Kim EJ, Park KS, et al. The effect of specialized contin-

uous renal replacement therapy team in acute kidney injury 

patients treatment. Yonsei Med J 2015;56:658–665. 

268.	Oh HJ, Lee MJ, Kim CH, et al. The benefit of specialized team 

approaches in patients with acute kidney injury undergo-

ing continuous renal replacement therapy: propensity score 

matched analysis. Crit Care 2014;18:454.

269.	Lee KH, Sol IS, Park JT, et al. Continuous Renal Replacement 

Therapy (CRRT) in children and the specialized CRRT team: a 

14-year single-center study. J Clin Med 2019;9:110.

270.	Rhee H, Jang GS, Han M, et al. The role of the specialized team 

in the operation of continuous renal replacement therapy: a 

single-center experience. BMC Nephrol 2017;18:332.

271.	Ruiz EF, Ortiz-Soriano VM, Talbott M, et al. Development, im-

plementation and outcomes of a quality assurance system for 

the provision of continuous renal replacement therapy in the 

intensive care unit. Sci Rep 2020;10:20616.

272.	Shimada H, Kataoka Y, Tsunemitsu T, Takeoka H. The effective-

ness of a specialized team intervention on prognosis in patients 

undergoing continuous renal replacement therapy: a retro-

spective cohort study. Clin Nephrol 2021;95:87–92. 

https://doi.org/10.3339/jkspn.2007.11.2.247
https://doi.org/10.1007/s00246-015-1323-1
https://doi.org/10.1007/s00246-015-1323-1
https://doi.org/10.1007/s00246-015-1323-1
https://doi.org/10.1097/ccm.0b013e318258ff01
https://doi.org/10.1097/ccm.0b013e318258ff01
https://doi.org/10.1097/ccm.0b013e318258ff01
https://doi.org/10.1097/ccm.0b013e318258ff01
https://doi.org/10.1007/s00134-011-2231-3
https://doi.org/10.1007/s00134-011-2231-3
https://doi.org/10.1007/s00134-011-2231-3
https://doi.org/10.1007/s00134-011-2231-3
https://doi.org/10.1016/j.athoracsur.2013.05.056
https://doi.org/10.1016/j.athoracsur.2013.05.056
https://doi.org/10.1016/j.athoracsur.2013.05.056
https://doi.org/10.1016/j.athoracsur.2013.05.056
https://doi.org/10.1097/ccm.0000000000000039
https://doi.org/10.1097/ccm.0000000000000039
https://doi.org/10.1097/ccm.0000000000000039
https://doi.org/10.1186/cc12780
https://doi.org/10.1186/cc12780
https://doi.org/10.1186/cc12780
https://doi.org/10.1186/cc12780
https://doi.org/10.1016/j.jcrc.2014.07.028
https://doi.org/10.1016/j.jcrc.2014.07.028
https://doi.org/10.1016/j.jcrc.2014.07.028
https://doi.org/10.1016/j.jcrc.2019.11.001
https://doi.org/10.1016/j.jcrc.2019.11.001
https://doi.org/10.1016/j.jcrc.2019.11.001
https://doi.org/10.1016/j.jcrc.2019.11.001
https://doi.org/10.1056/nejmc2027489
https://doi.org/10.1056/nejmc2027489
https://doi.org/10.1056/nejmc2027489
https://doi.org/10.1053/j.ajkd.2006.04.073
https://doi.org/10.1053/j.ajkd.2006.04.073
https://doi.org/10.1053/j.ajkd.2006.04.073
https://doi.org/10.3390/jcm9051413
https://doi.org/10.3390/jcm9051413
https://doi.org/10.3390/jcm9051413
https://doi.org/10.1093/ndt/gfr740
https://doi.org/10.1093/ndt/gfr740
https://doi.org/10.1093/ndt/gfr740
https://doi.org/10.1093/ndt/gfr740
https://doi.org/10.1371/journal.pone.0281831
https://doi.org/10.1371/journal.pone.0281831
https://doi.org/10.1371/journal.pone.0281831
https://doi.org/10.1371/journal.pone.0281831
https://doi.org/10.1007/s00134-007-0754-4
https://doi.org/10.1007/s00134-007-0754-4
https://doi.org/10.1007/s00134-007-0754-4
https://doi.org/10.1007/s00134-007-0754-4
https://doi.org/10.3349/ymj.2015.56.3.658
https://doi.org/10.3349/ymj.2015.56.3.658
https://doi.org/10.3349/ymj.2015.56.3.658
https://doi.org/10.1186/s13054-014-0454-8
https://doi.org/10.1186/s13054-014-0454-8
https://doi.org/10.1186/s13054-014-0454-8
https://doi.org/10.1186/s13054-014-0454-8
https://doi.org/10.3390/jcm9010110
https://doi.org/10.3390/jcm9010110
https://doi.org/10.3390/jcm9010110
https://doi.org/10.1186/s12882-017-0746-8
https://doi.org/10.1186/s12882-017-0746-8
https://doi.org/10.1186/s12882-017-0746-8
https://doi.org/10.1038/s41598-020-76785-w
https://doi.org/10.1038/s41598-020-76785-w
https://doi.org/10.1038/s41598-020-76785-w
https://doi.org/10.1038/s41598-020-76785-w
https://doi.org/10.5414/cn110327
https://doi.org/10.5414/cn110327
https://doi.org/10.5414/cn110327
https://doi.org/10.5414/cn110327

	Introduction
	Background of the development of clinical practice guidelines for continuous kidney replacemen
	Objectives of the clinical practice guideline 

	Methods
	Target population 
	Intended users and clinical setting 
	Guideline development group 
	Patient perspectives and preferences 
	Methodology of guideline development 

	Results
	Summary of recommendations 
	General overview: development of evidence-based clinical practice guidelines for continu

	Recommendation statements 
	Key Question 1 
	Key Question 2 
	Key Question 3 
	Key Question 4 
	Key Question 5 
	Key Question 6 
	Key Question 7 
	Key Question 8 
	Key Question 9 
	Key Question 10 
	Key Question 11 
	Key Question 12 
	Key Question 13 
	Key Question 14 
	Key Question 15 
	Key Question 16 
	Key Question 17 

	Discussion
	Additional information 
	Conflicts of interest 
	Funding
	Data sharing statement 
	Authors’ contributions 
	ORCID
	References

