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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 sential kidney replacement therapy (KRT) primarily used
in critically ill patients with acute kidney injury (AKI) to
Background of the development of clinical practice guide-  support kidney function and maintain fluid and electrolyte
lines for continuous kidney replacement therapy balance [1]. In contrast to conventional intermittent hemo-
dialysis (IHD), which is typically performed three times a
Continuous kidney replacement therapy (CKRT) is an es-  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
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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-
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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.

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

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

Symbol Strength Of. Definition
recommendation
A Strong The intervention is strongly recom-
recommendation  mended in most clinical situations,
considering the balance of benefits
and harms, quality of evidence,
patient values and preferences, and
resource implications.
B Conditional The use of the intervention may vary
recommendation  depending on the clinical context
or patient/social values. Clinicians
may consider using it or applying it
selectively.
C Against The harms of the intervention are
recommendation  likely to outweigh the benefits in
most cases. However, clinical judg-
ment should be applied considering
specific patient contexts.
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.

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

Expert consensus

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-
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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
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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

Dose

Modality

Dialysate

Ultrafiltration

Diuretics

Anticoagulation

Catheter

Nutrition

Liver

transplantation

Brain injury

Extracorporeal
membrane
oxygenation
(ECMO)

Pediatric patients

Nephrology
consultation

Multidisciplinary
approach

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

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

In patients with AKI, CKRT can be considered a primary modality of renal B (Conditional recommendation)
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.

The use of phosphate-containing dialysate may be considered to prevent B (Conditional recommendation)
hypophosphatemia in patients on CKRT.

Non-intensified net ultrafiltration rate to achieve net negative fluid balance Expert consensus
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.

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

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

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

In patients undergoing CKRT, ultrasound-guided hemodialysis catheter A (Strong recommendation)
insertion is recommended.

In adult patients with AKI receiving CKRT, it is recommended to provide B (Conditional recommendation)
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.

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

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

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

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

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

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

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

High

Moderate

Moderate

Very low

Moderate

Low

Moderate

High

Low

Very low

Very low
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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 AK]J, 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
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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
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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% Cl, -1.93 to -0.35; p = 0.005) and a
shorter total hospital stay (mean difference, -2.73 days; 95% Cl, —4.72 to -0.75; p = 0.007) compared to delayed initiation.

Cl, confidence interval; df, degree or freedom; ICU, intensive care unit; IV, inverse variance; KRT, kidney replacement therapy; SD, stan-

dard deviation.

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
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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 AK]I, 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.
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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-1p, and IL-10 levels in the high
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Study or Subgrou Mean _SD Total Mean SD __Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Park, 2016 593 452 105 388 327 107 619% 2050([9.86,31.14] i
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Total (95% CI) 246 246 100.0% 11.58[3.21, 19.95] <
Heterogeneity: Chi*= 7.10, df=1 (P = 0.008); F= 86% f f ' y {
o s -100  -50 0 50 100
Test for overall effect: 2= 2.71 (P = 0.007) Favours [experimental] Favours [control]
2) High dose Conventional dose Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD _Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Park, 2016 182 166 105 115 1089 107 822% 6.70[2.91,1049]
Zhang, 2012 21.91 2804 141 2592 4036 139 17.8% -4.01[12.16,4.14]
Total (95% CI) 246 246 100.0%  4.80[1.36, 8.23] ¢
Heterogeneity: Chi*= 5.45, df=1 (P = 0.02); F= 82% 00 <t 0 e

Testfor overall effect: Z= 2.74 (P = 0.006)

Favours [experimental] Favours [control]

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% Cl,
3.21-19.95; p = 0.007) and a longer ICU stay (mean difference, +4.80 days; 95% Cl, 1.36-8.23; p = 0.006) when compared to con-

ventional-dose CKRT.

Cl, confidence interval; CKRT, continuous kidney replacement therapy; df, degree or freedom; ICU, intensive care unit; IV, inverse vari-

ance; SD, standard deviation.
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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.
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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 [HD.

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 THD 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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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.

Cl, 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.

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
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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.
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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-
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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 ADHE
1. Ultrafiltration therapy may be more effective in fluid re-
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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 ADHE, 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 ADHE 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
ADHE 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.
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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,
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urine was collected over 4 hours to measure creatinine
clearance. Subsequently, a comparison was made between
arandomly 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/mm® 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.
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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 (12 =
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%
CJ, 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.
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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
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(IIV) 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
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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
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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 pg/day; folic acid, 1
mg/day; vitamin B12 (cobalamin), 4 pg/day; vitamin C, 250

mg/day; selenium, 100 pg/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 pg/day; fluoride, 0-1
mg/day; iodine, 130 pg/day; iron, 1 mg/day; manganese,
55 pg/day; and molybdenum, 19-25 pg/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-
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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.
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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 ITHD, 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
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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
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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
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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-
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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
AK], 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 harmes,
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
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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.
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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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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.

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-
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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.
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