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Abbreviations and acronyms

AGREE			   Appraisal of Guidelines for Research & Evaluation Instrument

AVF			   Arteriovenous fistula

AVG			   Arteriovenous graft

BUN			   Blood urea nitrogen 

B2M			   β2 microglobulin

CBC			   Complete blood count 

CI			   Confidence interval

CKD			   Chronic kidney disease

CPG			   Clinical practice guideline

Cr			   Creatinine 

CV			   Cardiovascular

DOPPS	 Dialysis 		 Outcomes and Practice Patterns Study 

eGFR			   Estimated glomerular filtration rate 

ESHOL			   Estudio de Supervivencia de Hemodiafiltración On-Line 

ESKD			   End-stage kidney disease

FRENCHIE		  French Convective vs. Hemodialysis in the Elderly 

GFR			   Glomerular filtration rate

GRADE			   Grading of Recommendations Assessment Development and Evaluation 

Hb			   Hemoglobin 

HbA1C			   Hemoglobin A1C

HD			   Hemodialysis

HDF			   Hemodiafiltration

HEMO			   Hemodialysis Study

HR			   Hazard ratio

IDEAL			   Initiating Dialysis Early and Late 

IDWG			   Interdialytic weight gain 

KDIGO			   Kidney Disease: Improving Global Outcomes 

KDOQI			   Kidney Disease Outcomes Quality Initiative 

KSN			   Korean Society of Nephrology

LMWH			   Low-molecular-weight heparin 

MD			   Mean difference 

MHD			   Maintenance hemodialysis 

MPO			   Membrane Permeability Outcome 

OL-HDF		  Online Hemodiafiltration 

OR			   Odds ratio

PICO			   Population, Intervention, Comparator, and Outcome

PTH			   Parathyroid hormone 

RCT			   Randomized controlled trial

RR			   Relative risk

UFH			   Unfractionated heparin

URR			   Urea reduction ratio

Jung, et al. KSN 2021 Guideline for optimal HD

S3www.krcp-ksn.org



Preface 

During the past 60 years, advances in hemodialysis (HD) 

technology and the application of medical insurance have 

allowed dialysis treatment to become widespread, enabling 

many patients with end-stage kidney disease (ESKD) to 

prolong their lives, and many changes have occurred in the 

treatment of dialysis patients. Therefore, various clinical 

practice guidelines (CPGs) for starting and maintaining HD 

have been published internationally. However, the clinical 

field, current HD technology, and target patients described 

in previously published CPGs are bound to change. In 

addition, the clinical evidence for HD has been continu-

ously reinforced in follow-up studies after the publication 

of previous CPGs, creating demand for reevaluation of the 

related CPGs. In response to that demand, the Korean So-

ciety of Nephrology (KSN) established a CPG Committee 

and a Work Group, and proceeded with the entire process 

of planning, developing, reviewing, and disseminating 

appropriate HD treatment guidelines in accordance with 

international standards. We trust that this CPG will serve 

as optimal guidance and reference material for the treat-

ment of domestic HD patients and in that way improve the 

health and quality of life of HD patients. 

Table 1. GRADE (Grading of Recommendations Assessment Development and Evaluation) quality levels of evidence and meaning
Quality level Definition

High We are confident that the estimate of the effect is close to the actual effect.

Moderate The estimates of the effect appear to be close to the actual effect, but it can vary considerably.

Low The confidence in the estimate of the effect is limited. The actual effect could differ significantly from the estimate of the effect.

Very low There is little confidence in the estimate of the effect. The actual effect will differ significantly from the estimate of the effect.

Table 2. GRADE strength of recommendation and meaning
Grade Strength Definition

A Strong recommendation  
(We recommend)

Considering the benefits and risks of the treatment, the level of evidence, patient values and 
preferences, and resources, it is strongly recommended in most clinical situations.

B Conditional recommendation  
(We suggest)

The use of the treatment can vary depending on the clinical situation or patient/social val-
ues, so it is recommended for use selectively or conditionally.

C Against recommendation  
(We recommend not)

The risk of the treatment could outweigh the benefit, so taking into account the clinical situa-
tion and patient/social values, implementation is not recommended.

I Inconclusive (Data are insuffi-
cient)

Considering the benefits and harms of the treatment, patient values and preferences, 
and resources, the level of evidence is too low, the scale of benefits/hazards is seriously 
uncertain, or the variability is so large that no decision to implement the intervention can 
reasonably be made. In the absence of a recommendation or objection to the use of the 
treatment, clinicians must follow their own judgment.

No grade* Expert consensus (We consider it 
reasonable)

Although clinical evidence is insufficient, the treatment is recommended for use in accor-
dance with clinical experience and expert consensus, in consideration of the benefits and 
risks of the treatment, the level of evidence, patient values and preferences, and resources.

Each statement is shown as a combination of the strength of the recommendation and level of evidence.
*In the case of a consensus statement based on expert opinion, the recommendation grade and level of evidence are not indicated.

Table 3. Summary of the recommendations
Topic Recommendations Strength Quality

1. Start of HD 1.1. We recommend that whether and when to start HD be decided through a careful 
discussion between the patient and the healthcare provider about the benefits/
harms of the treatment and the patient’s values and preferences about HD initiation 
because an early start of HD, as determined by the GFR, in patients with CKD stage 
G5 does not produce any differences in clinical outcomes from a late start.

A Moderate

(Continued to the next page)
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Topic Recommendations Strength Quality

1.2.1. We recommend the preparation of an arteriovenous access prior to HD initiation 
to avoid central venous catheter insertion.

A Low

1.2.2. We consider it reasonable that the timing of an arteriovenous access  
preparation be individualized according to patient comorbidities and GFR decline.

Expert consensus

2. Frequency and dose  
of HD

2.1. We recommend maintaining a dialysis at a frequency of at least three sessions 
per week and for 4 hours or more for patients with minimal residual renal function.

A Moderate

2.2. We recommend a target dose of 1.4 single-pool Kt/V for patients receiving 
thrice-weekly HD.

A Moderate

3. Dialysis membrane and  
modality for HD

3.1. We recommend the use of high-flux dialysis membranes in adult HD patients. 
However, the cost and availability of high-flux membrane need to be considered.

A High

3.2.1. There was no difference in all-cause mortality, cardiovascular mortality, hospital-
ization rate and quality of life in online hemodiafiltration (HDF) compared with high-
flux HD.

B Moderate

3.2.2. We consider it reasonable to apply high-volume online HDF after considering the 
cost-effectiveness in some cases.

Expert consensus

4. Anticoagulation for the HD 4.1. We recommend using unfractionated heparin (UFH) as the standard for systemic 
anticoagulation in HD patients without an increased bleeding risk because no differ-
ences could be found in the bleeding outcomes or circuit thrombosis between UFH 
and low-molecular-weight heparin (LMWH).

A Low

4.2.1. We recommend not to use heparin for anticoagulation in HD patients with a high 
risk of bleeding.

C Low

4.2.2. We suggest using nafamostat mesylate, instead of heparin, for anticoagulation 
in HD patients with a high risk of bleeding.

B Low

5. Volume and fluid status  
in HD patients

5.1.1. We suggest that the weight-gain ratio between dialysis sessions not exceed 4% 
compared with the dry weight before dialysis.

B Moderate

5.1.2. We consider it reasonable that patients whose body weight before dialysis 
exceeds 4% compared with the dry weight require an assessment of excess body 
fluids, dietary compliance, and nutritional status along with the provision of dietary 
education.

Expert consensus

5.2. We suggest that the change of conventional dialysate sodium (138–140 mEq/L) 
to low dialysate sodium (<138 mEq/L) to maintain adequate volume status. Attention 
should be paid to the possibility of developing intradialytic hypotension and muscle 
cramps while using low sodium dialysis.

B Moderate

6. Blood pressure control  
in HD patients

6.1.1. There is insufficient evidence to assign optimal blood pressure target for HD 
patients.

I Very low

6.1.2. We consider it reasonable that antihypertensive medications should be pre-
scribed for hypertensive HD patients considering multi-factors.

Expert consensus

6.2. We suggest lowering the dialysate temperature to reduce intradialytic hypotension. B Moderate

7. Evaluating and monitoring 
HD patients

7.1.1. We consider it reasonable to test dialysis adequacy at least every 3 months in 
patients on maintenance HD.

Expert consensus

7.1.2. We consider it reasonable to perform CBC tests, liver function tests, and routine 
chemistry tests at least monthly in patients on maintenance HD.

Expert consensus

7.1.3. We consider it reasonable to test iron status, PTH, and HbA1C (in diabetic  
patients) and perform a chest radiograph at least every 3 months in patients on 
maintenance HD.

Expert consensus

7.1.4. We consider it reasonable to test hepatitis viral markers and perform  
electrocardiography at least every 6 months in patients on maintenance HD.

Expert consensus

8. Nonstandard settings  
for HD (elderly, children)

8.1.1. We suggest that preparation for appropriate renal replacement therapy be  
considered for elderly patients who progress to ESKD.

B Moderate

8.1.2. We consider it reasonable that in elderly patients with ESKD, the optimal treat-
ment should find an individualized balance between appropriate renal replacement 
therapy and conservative treatment.

Expert consensus

8.2.1. For HD of children younger than 5 years old, we consider it reasonable that the 
minimal nurse-to-patient ratio be 1:1.

Expert consensus

8.2.2. For HD of older children, we consider it reasonable that the minimal nurse-to-
patient ratio be 1:2.

Expert consensus

Table 3. Continued
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Purpose 

HD treatment is a special field that requires more than a cer-

tain period of patient care experience. Even when standard-

ized treatment is provided in an HD unit, clinicians have to 

make decisions on their own, taking into account all aspects 

of an individual patient’s situation. This CPG is based on 

clear evidence for the benefits of preparation, initiation, and 

maintenance of HD therapy and has been produced with 

the participation of representative experts from nephrolo-

gy-related societies using a methodology suitable for estab-

lishing a CPG. It is intended to help clinicians participating 

in HD to make safer and more effective clinical decisions by 

providing them with information in a user-friendly manner. 

It is also intended to be used as an educational resource for 

residents, fellowship holders, and doctors in charge of ed-

ucation and training and seeks to find areas with questions 

that remain to be answered through additional research. 

In the end, the ultimate goal for this CPG is that it will be 

widely adopted as a standard for appropriate HD treatment 

in patients with ESKD and thereby contribute to prolonging 

the lives of dialysis patients, improving their quality of life, 

and improving public health care by ensuring that limited 

health care resources are used efficiently. 

Target population 

This CPG applies to clinicians, patients, and subjects re-

lated to HD in the Republic of Korea, including all patients 

who visit medical institutions for the purpose of receiving 

HD. It also provides specific and comprehensive informa-

tion about when to start HD and how to prepare, test, and 

follow up with inpatients who have ESKD. Content about 

conservative treatments, such as nutritional imbalances 

and psychological support relevant to ESKD and dialysis, 

has been excluded. Information about starting and stop-

ping temporary HD to treat acute kidney injury has also 

been excluded. Therefore, clinicians treating patients with 

ESKD who are considering HD and those currently under-

going HD therapy are the main targets of this CPG. 

Target users and healthcare environments 

This CPG includes clinical information for all medical staff 

and stakeholders, including specialists, residents, fellow-

ship, and nurses, at primary, secondary, and tertiary medi-

cal institutions that conduct HD treatment in the Republic 

of Korea. In addition, it provides specific and practical in-

formation for residents, fellowship holders, nurses, and the 

educators who lead them. In the process of developing this 

CPG, we reviewed whether the underlying research results 

and their application in the Korean medical environment 

were well balanced through consultations with various 

experts. This CPG provides concise and accurate informa-

tion so that medical staff caring for HD patients can offer 

evidence-based treatment in a variety of medical environ-

ments, from primary medical institutions to certified tertia-

ry hospitals. 

Composition of the clinical practice guideline 
development group 

In consideration of expertise, representativeness, and con-

tinuity, the Work Group was established in consultation 

with the KSN Board of Directors. The Work Group was 

organized by the chairperson of the CPG Committee con-

sisting of nephrologists and pediatric nephrologists recom-

mended by KSN and its affiliated research groups (Supple-

ment 1). The Work Group has 15 members (experts in the 

field of CPG development methodology and in the field of 

adult and pediatric nephrology, including two dialysis pri-

mary care physicians, who are engaged in HD work at var-

ious medical institutions) to ensure the diversity of related 

expert groups. One methodology expert and one working 

member collaborated to search the literature, establish a 

methodology for systematic literature research, and estab-

lish the development of this CPG.  

All members of the Work Group completed several work-

shop trainings about stage-by-stage development methods 

and pilot research cases from methodology experts who 

participated in the development of this CPG to maximize 

the efficiency of the CPG development plan. In addition, 

some members of the Work Group participated in the Ko-

rean Internal Medicine Standards Guidelines Committee 

Workshop (September 12, 2020) and received additional 

training during the treatment CPG development process. 

In the Work Group, the key questions were divided into 

eight topics and 15 questions, and one sub-chairperson 

was selected for each topic. Operational meetings in which 

all members discussed the contents of each division oc-
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curred once a month. In that way, the members of the 

Work Group collaborated to decide which subjects should 

be covered in the guidelines, searched the literature, con-

ducted critical reviews and meta-analyses, and determined 

evidence levels. Draft recommendations for individual 

topics prepared by each member were reviewed by the 

Work Group, and the final recommendations and recom-

mendation grades were determined with the consent of 

all members. Major development stages (selection of key 

questions, search for and selection of evidence, prepa-

ration of evidence tables, quality evaluation, drafting of 

recommendations, etc.) were developed with support from 

methodology experts, who conducted the final review. 

Patient perspectives and preferences 

Each recommendation was reviewed by the Work Group, 

who discussed problems that might arise while applying 

the recommendations to patients in the clinic. The text 

of the CPG describes patient values and preferences, ob-

stacles, and facilitating factors. By presenting a plan to 

overcome the identified problems, efforts were made to 

balance the use of other resources with HD treatment in 

the Republic of Korea. 

Methodology for clinical practice guideline 
development 

CPG development was conducted in three stages: plan-

ning, development, and review and dissemination. The 

main processes related to the development of the actual 

recommendations were 1) selection of key questions, 2) 

evidence search, 3) evaluation and synthesis of evidence, 4) 

determination of the recommendation grade and level of 

evidence, 5) preparation of recommendations, and 6) com-

ing to agreement. 

1) Declaration and management of conflicts of interest 
All members of the Work Group provided a conflict-of-in-

terest disclosure before participating in the development 

of the CPG and upon completion of the CPG to determine 

whether anyone had a financial or nonfinancial conflict 

of interest, and each member’s conflict-of-interest report 

and management evaluation are shown in Supplement 2.  

When members reported corporate research sponsorships 

or consulting, their detailed report contents were con-

firmed in a review by the Work Group, which determined 

the amount of money and whether the content of a rec-

ommendation might have been affected. If the amount 

exceeded the standard and might have affected the content 

of a recommendation, the opinion of that member was 

excluded when determining the direction and strength of 

that recommendation. This principle was applied from the 

beginning to the end of development. 

2) Selection of key questions 
The final recommendations were derived from the key 

questions, which were chosen by reviewing existing CPGs, 

selecting detailed topics and clinical problems, reviewing 

the evidence for each topic, and selecting the final eight 

detailed topics. Many clinical and methodology experts 

participated in selecting the core questions and reviewing 

the recommendations, and their opinions are reflected in 

the final draft as much as possible. In this process, a survey 

of nephrology experts, the main intended users of these 

guidelines, was conducted, the process for developing the 

guidelines was announced at an academic conference, and 

the opinions of KSN members were collected. Key ques-

tions were written in consideration of the PICO (Popula-

tion, Intervention, Comparator, and Outcome) factors and 

are presented in PICO format. Thus, a sentence-type key 

question was written, and the development possibility was 

reviewed and finally confirmed (Supplement 3). 

3) Determination of the development method 
This CPG is mostly an adaptation of existing domestic and 

overseas guidelines, and the latest research results have 

been added. In cases in which no recommendations were 

found in the existing guidelines, a de novo method was 

selectively reviewed. The adaptation development method 

used existing CPGs as the most important source of evi-

dence, though some systematic changes were applied to 

suit the medical situation in the Republic of Korea. 

4) Search and selection of evidence 
Our literature search combed major domestic and foreign 

literature search databases, Ovid-Medline, Ovid-Embase, 

Cochrane Library, KoreaMed, etc., and focused on the key-

words in each key question selected by the Work Group. 

The reviewers also conducted additional manual searches. 
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The following combinations of index words related to this 

CPG were searched: (hemodialysis[ti] OR haemodialysis[-

ti] OR dialysis[ti]) AND guideline[ti] NOT peritoneal[ti] 

AND "2011/01/01"[PDAT]: "2020/06/30" [PDAT]). After 

excluding duplicates, a total of 189 medical guidelines were 

extracted as a result of our search. The literature selection 

criteria were prepared according to the key questions, 

and during the first and second selection/exclusion pro-

cesses, each document was independently reviewed by 

two persons to increase objectivity. For the first screening, 

the titles and abstracts were reviewed, and for the second 

screening, the original text of all documents selected in 

the first screening was reviewed. In cases of exclusion, the 

reason for exclusion was described. If the reviewers dis-

agreed during the two-stage screening process, consensus 

was reached through a specific process, and in that way the 

final 14 documents were confirmed (Supplement 4). 

The literature search considered studies and CPGs pub-

lished before October 2020. Papers published since then 

have been reinforced with narratives as much as possible. 

In the case of new direct methods (three key questions in 

the “anticoagulant therapy” and “special situations” sec-

tions), an additional search of the domestic and interna-

tional CPG database (Guideline International Network, Ko-

rean Clinical Practice Guideline Information Center) was 

made. To increase the sensitivity of the search, similar key 

questions were linked by using only the [P] and [I] of PICO. 

Our search strategy was systematically constructed with 

the help of a methodology expert, and final recommenda-

tions were made by performing a search of domestic and 

foreign databases. The search formula for the literature in 

each area is described in Supplements 4 and 5. 

5) Evidence quality evaluation 
After reviewing the original text of each study, the quality 

of the CPGs selected was evaluated by two persons using 

the AGREE (Appraisal of Guidelines for Research & Eval-

uation Instrument) 2 tool. The K-AGREE evaluation form 

developed by the Korean Medical Association was used to 

reduce variation among evaluators. The AGREE scores en-

sure the reproducibility and clarity of the evaluation result 

by providing a process that can be corrected (e.g., if there 

is a difference of 4 points or more between reviewers). The 

evaluation result was derived using the scoring formula 

for each area. Treatment guidelines with a developmental 

rigor of 50 points or more were selected for establishing 

recommendations and evidence.  

6) Preparation of recommendation comparison table and 
evaluation of acceptance/applicability 
After we reviewed the selected CPGs, we made a compar-

ison table of recommendations for each key question and 

evaluated their domestic acceptance and applicability. The 

contents of these discussions are reflected in the recom-

mendations, and a comparison table of the recommen-

dations and a table of acceptance and applicability were 

prepared for each key question. 

7) Preparation of evidence table 
The documents supporting the recommendations related 

to the key questions of this CPG were extracted from the 

selected CPGs and arranged in the form of an evidence 

table. The evidence table was then completed by adding 

the latest literature found through additional literature 

searches. All documents included in the evidence table 

were compiled in the “Summary evidence tables” for the 

recommendations for each key question (Supplement 6). 

8) Bias risk assessment 
A risk of bias assessment appropriate to each study design 

was conducted and collected into a risk of bias graph. The 

risk of bias assessments used validated checklists recom-

mended by the Cochrane Collaboration: the Cochrane Risk 

of Bias tool 2.0 for randomized controlled trials (RCTs), 

Risk of Bias for non-randomized studies, and the Measure-

ment Tool for Assessment of Multiple Systematic Reviews 

for Systematic Reviews (Supplement 7). Data were com-

piled centrally by the Work Group. 

9) Synthesis of evidence 
• Data extraction 
Documents selected from the evidence table of existing 

CPGs and additionally searched documents were classified 

by study design, and needed topics were selected from the 

list of available data to extract the relevant content. Data 

extraction was performed according to a predetermined 

data extraction format (data values reported in forest plots, 

tables, etc., were reviewed and accepted). In comparisons 

between two intervention methods, a data extraction for-

mat that could evaluate the comparability was used. One 
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working member extracted the data and another working 

member reviewed it. 

• Data analysis and synthesis 
After the final evidence table, including the evidence from 

existing CPGs and the additional searched literature, was 

completed, a meta-analysis was performed when quantita-

tive synthesis of the extracted data was possible, and qual-

itative descriptions were made if no synthesis was possible 

(Supplements 8 and 9). 

When a meta-analysis was possible, the heterogeneity 

of the data was evaluated. When the heterogeneity was 

judged to be high, a random-effect model was applied, and 

a subgroup analysis was performed to search for the cause 

of the heterogeneity. Publication bias was explored by 

applying Egger’s test and the Trim-and-Fill method when 

more than 10 studies were included in the synthesis. Co-

chrane’s Review Manager 5.4 was used as the meta-analy-

sis statistics program. 

10) Arrangement of evidence level and recommendation 
grade 
The levels of evidence were evaluated using the GRADE 

methodology. The importance of each result was evaluated 

first, and then the level of evidence for each result was de-

termined as high, moderate, low, or very low. The meaning 

of the evidence levels is shown in Table 1.  

The recommendation grades have four levels: strong 

recommendation, conditional recommendation, against 

recommendation, and inconclusive (Table 2). As factors in 

making recommendations, we considered the level of evi-

dence, benefits and harms, clinical applicability, resources 

and costs, and patient values and preferences. 

The key questions for which recommendations could 

not be adapted or developed directly due to poor existing 

research are answered through expert consensus. 

11) Recommendation formulation 
In the process of formulating the recommendations to im-

prove their clinical implementation, the working members 

reviewed their feasibility and made suggestions about ob-

stacles, facilitating factors, and solutions. Then, draft rec-

ommendations were vetted through discussion. After draft-

ing, each recommendation was revised through a review 

process via e-mail and a wired meeting with experts in the 

relevant field. Otherwise, review was conducted informally 

by the Work Group, and all members agreed at a plenary 

meeting. This process did not use formal consensus meth-

ods such as voting, but instead proceeded through in-

depth discussions. After that, the Work Group wrote and 

confirmed the final recommendation levels to reflect the 

review members’ opinions. In the end, 15 recommenda-

tions were developed within the final eight topics (Table 3). 

12) Independent external review 
To collect consultation and external review opinions before 

publication of the developed CPG, an external advisory 

committee composed of clinical experts and methodolo-

gy experts intended to be end-users of the recommended 

practice guidelines was formed from the research groups 

within the KSN, the Korean Society of Dialysis Therapy, the 

Korean Society of Dialysis Access, and the Korean Society 

of Diagnostic and Interventional Nephrology. This advisory 

committee did not prepare recommendations to be includ-

ed in the CPG but served as an external reviewer who con-

sulted at the stage of consensus on the derived recommen-

dations. For the external review, an expert questionnaire 

survey was conducted to investigate the degree of consent 

to the recommendations for each key question. The advi-

sory committee (including one methodology expert) com-

pleted the survey, which used a scale from 1 point (strong 

disagreement) to 5 points (strong agreement) to indicate 

the degree of consent to each recommendation. The ques-

tionnaire allowed the key question, draft recommendation, 

recommendation grade, and evidence level to be viewed at 

a glance. It also asked about the necessity and appropriate-

ness of the guidelines, the methodological strictness of the 

process used to develop the guidelines, the rationality of 

the recommendations, the degree of agreement with and 

usefulness of the overall CPG, and whether respondents 

had revision suggestions for individual recommendations 

(Supplement 10). In addition, a separate document and 

protocol summarizing the step-by-step development pro-

cess was provided as a reference for respondents. The draft 

file was circulated by e-mail to the advisory committee and 

each society to obtain opinions, and then the Work Group 

members, advisors, recommended persons from related 

societies, and interested experts and methodology experts 

gathered to reflect on the stakeholder participation, exter-

nal review, and opinions of the implementation plans. In 
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that meeting, feedback was obtained, and the revised opin-

ions were reflected in the contents of the treatment guide-

lines (Supplement 11). Since then, dozens of e-mails and 

phone calls have been made to the working-level members 

and members of each society to collect and revise opinions 

about the review and processing contents (reflected or not 

and why), and this CPG has obtained certification by the 

Korean Association of Internal Medicine.  

13) Update plan for this clinical practice guideline 
The primary users of this evidence-based CPG for appro-

priate HD treatment are those who care for HD patients. 

We will continue to derive necessary key questions, gen-

erate recommendations based on evidence, and update 

existing recommendations as evidence changes. 

Key questions for new evidence-based CPGs will be de-

veloped by considering the opinions of patients, related 

workers, and clinical experts. It is necessary to first seek 

opinions from medical consumers and clinicians in the 

field about the key questions that need to be developed 

and then introduce a method for developing an HD treat-

ment CPG based on them. Because CPGs produced using 

the acceptance and adaptation method are mainly based 

on research conducted abroad, it is necessary to develop 

appropriate recommendations fitted to the domestic situ-

ation. Therefore, the results of domestic research are much 

needed. To accumulate data, the Work Group will promote 

domestic research to related academic societies and seek 

cooperation. It was decided to consider updating these 

developed recommendations by reviewing new evidence 

every 3 to 5 years. 

In terms of national policies such as insurance benefits 

and HD adequacy evaluation variables and standards, it is 

possible to predict use of this appropriate, evidence-based, 

HD treatment CPG as a policy reference. In addition, it will 

be used as a practical educational tool for clinicians who 

lack in-depth expertise or experience in HD and to develop 

data for patients, who have the right to self-determination 

and discussion in decisions related to HD. 

Chapter 1. Start of hemodialysis 

Key question 1.1. 

In adult CKD patients who require HD, does the early start of 

HD improve outcomes in terms of patient survival, cost-ef-

fectiveness, or complications, compared with a late start? 

Recommendation 
We recommend that whether and when to start HD be decided 
through a careful discussion between the patient and the 
healthcare provider about the benefits/harms of the treatment 
and the patient’s values and preferences about HD initiation 
because an early start of HD, as determined by the GFR, in pa-
tients with CKD stage G5 does not produce any differences in 
clinical outcomes from a late start.  

Recommendation grade: strong recommendation (A) 
Level of evidence: moderate 

■ Summary of evidence 
The decision to start dialysis is influenced by a variety of 

factors, including signs and symptoms of uremia, biochem-

ical tests, and the GFR. The exact timing of dialysis initia-

tion will likely affect the cost of dialysis services and clinical 

outcomes, so when deciding to start dialysis, the risks, de-

gree of improvement in symptoms and functioning, quality 

of life, and other medical expenses should be addressed. 

No studies have investigated the start of dialysis based on 

patient symptoms. A randomized study (IDEAL; Initiating 

Dialysis Early and Late) compared the clinical outcomes of 

relatively early and late starting groups based on the GFR 

[1], and the results of three sub-analyses of that random-

ized study were published [2–4].  

In the comparison of the early-start group (GFR of 10–14 

mL/minute/1.73 m2) and the late-start group (GFR of 5–7 

mL/ minute/1.73 m2), no difference was found between the 

two groups in major clinical outcomes such as mortality, 

quality of life, hospitalization, and infection [1]. 

In addition, we synthesized evidence through a me-

ta-analysis of various retrospective studies, including 

domestic research results [5–14]. We also found neither 

benefit nor harm from starting HD relatively early or late. 

However, because the heterogeneity among the retrospec-

tive studies used in our synthesis of evidence was very high 

and there was no consistency in their quality of evaluation, 

our level of evidence for this recommendation is moderate. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 1.1.)

(Supplement 4 | Search strategies—Key question 1.1.)
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(Supplement 5 | Study selection flow diagrams—Key question 

1.1.)

(Supplement 6 | Summary evidence tables—Key question 1.1.)

(Supplement 7 | Bias risk assessment—Key question 1.1.)

(Supplement 8 | Clinical evidence profiles (GRADE tables)—

Key question 1.1.)

(Supplement 9 | Forest plots—Key question 1.1.)

■ Recommended considerations 
1) Benefits and harms 
Overall, starting dialysis relatively early appears to have no 

benefit or harm compared with starting dialysis late. How-

ever, in the IDEAL study, 76% of the patients in the late-

start group started with a GFR higher than 7 mL/min/1.73 

m2, so there might have been no significant difference 

in the actual GFR at the start of dialysis between the two 

groups. Therefore, we have no information about patients 

who do not start dialysis until they have a very low GFR. 

2) Patient values and preferences 
In some cases, patients might be able to decide when to 

start dialysis because they have sufficient awareness of 

possible symptoms and signs from delayed dialysis, but 

more often, dialysis is difficult to accept, and patients tend 

to delay starting until major symptoms develop. Although 

little evidence suggests that early dialysis initiation has 

distinct advantages over delayed dialysis initiation, waiting 

too long to prepare for initiation can worsen clinical out-

comes. Therefore, the optimal timing for initiating dialysis 

depends on a variety of complex data, taking into account 

the needs of the patient, their family, and the medical staff 

in a balanced manner. 

3) Obstacles, facilitating factors, and measures 
If a patient who imminently requires dialysis wants to de-

lay initiation, the commencement of dialysis should be 

decided by considering the desires of the patient and their 

family alongside the complications of delayed dialysis and 

the benefits of dialysis initiation. Symptoms of uremia vary 

and can include itching, nausea, fatigue, depression, and 

anxiety. In severe cases, it can be accompanied by pericar-

ditis and seizures. The degree to which uremia can affect 

daily life varies widely, and preventing the complications 

of delayed dialysis is important. Therefore, even in asymp-

tomatic patients, when the GFR reaches 5–7 mL/min/1.73 m2, 

the start of dialysis can be considered.  

4) Resources 
The IDEAL studies suggested that the delayed-start strategy 

for dialysis is more cost-effective than the early-start strate-

gy, mainly because the period of exposure to dialysis is lon-

ger with the early-start strategy, which increases the cost. 

Since the publication of the IDEAL results, many countries 

have begun to strategically avoid early dialysis initiation in 

asymptomatic patients. 

Key question 1.2. 

In adult CKD stage G5 patients, does the preparation of 

vascular access prior to the initiation of dialysis improve 

patient survival, compared with non-preparation of vascu-

lar access? 

Recommendation  
1. We recommend the preparation of an arteriovenous access 
prior to HD initiation to avoid central venous catheter insertion. 

Recommendation grade: strong recommendation (A) 
Level of evidence: low 

2. We consider it reasonable that the timing of an arteriove-
nous access preparation be individualized according to patient 
comorbidities and GFR decline. 

Recommendation grade: expert consensus 

■ Summary of evidence 
The purpose of preparing an arteriovenous access for HD, 

such as an arteriovenous fistula (AVF) or arteriovenous 

graft (AVG), is to prevent unnecessary central venous cath-

eter insertion at the time of dialysis initiation. Central ve-

nous catheter insertion is associated with catheter-related 

infections, central vein stenosis, pneumothorax, and addi-

tional unnecessary medical expenses. 

Most studies about preparing arteriovenous access in-

vestigated the clinical outcomes from different types of 

arteriovenous access and different timings of preparation. 

No RCT has been done, and most research consisted of ob-

servational studies of cohort data. Low mortality and low 

hospitalization rates were reported in the native AVF group 

[15–18]; however, selection bias cannot be completely ex-

cluded due to the nature of observational studies. 

A survival benefit for patients with AVF formation was 
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reported; however, preparation of AVF was also associated 

with maturation failure [17]. Preparation of AVF and AVG was 

reported to have a trade-off relationship in elderly patients. 

AVG was superior for maturation, which led to shorter dura-

tion of central venous catheter placement and fewer inter-

ventions for delayed vascular access maturation. However, 

AVG had more cases of vascular access abandonment and 

secondary operations after maturation. Compared with AVG, 

AVF showed longer vascular access survival and fewer sec-

ondary interventions after maturation. 

Although we found no direct evidence for the exact tim-

ing of referral for arteriovenous access preparation, the re-

cent Kidney Disease Outcomes Quality Initiative (KDOQI) 

stated that, based on expert opinion, referral for dialysis 

access assessment and subsequent creation should occur 

when estimated glomerular filtration rate (eGFR) is 15–20 

mL/minute/1.73 m2. They also stated that, based on a 

well-designed Monte Carlo simulation model, earlier refer-

ral should occur in patients with unstable or rapid rates of 

eGFR decline (>10 mL/minute/year) [19,20].  

(Supplement 3 | Review questions–PICO format—Key ques-

tion 1.2.) 

(Supplement 4 | Search strategies—Key question 1.2.) 

(Supplement 5 | Study selection flow diagrams—Key question 

1.2.) 

(Supplement 6 | Summary evidence tables—Key question 1.2.) 

(Supplement 7 | Bias risk assessment—Key question 1.2.) 

■ Recommended considerations 
1) Benefits and harms 
Preparing for arteriovenous access is beneficial to prevent 

complications related to the insertion of a central venous 

catheter, such as pneumothorax, catheter-related infec-

tions, and central vein stenosis. In addition, preparing an 

arteriovenous access can save the medical costs associated 

with catheter insertion. Although whether the reported 

survival benefits of arteriovenous access preparation are 

caused directly by reduced catheter-related infections 

should be investigated in further studies, a recent study 

reported that mortality after sepsis was higher in the AVG 

group than the AVF group [21]. A potential harm of pre-

paring an arteriovenous access is unnecessary creation, 

defined as an AVF failure or patient death during the pre-

dialysis period, and that risk is elevated in elderly patients 

and female patients [22]. 

2) Patient values and preferences 
When discussing the preparation of an arteriovenous ac-

cess, patient values and preferences should be respected. 

The same is true for the placement of a central venous 

catheter because central vein stenosis and catheter-relat-

ed infections are not deterministic. However, probabilistic 

guidance should reflect the risk factors of catheter-related 

complications. For instance, the high risk of catheter-relat-

ed infections among diabetic patients should be considered 

when deciding about arteriovenous access preparation. 

3) Obstacles, facilitating factors, and measures 
A patient’s desire to postpone initiation of dialysis could be 

an obstacle to the preparation of an arteriovenous access. 

Cosmetic concerns might exist. To overcome such hesita-

tions, the benefits and potential risks of delayed dialysis 

initiation and arteriovenous access creation should be ex-

plained to patients, and the benefit-to-risk ratio should be 

understood. In addition, other renal replacement therapy 

options such as peritoneal dialysis or kidney transplan-

tation should be explained, including the fact that those 

alternative options carry no need for arteriovenous access 

creation. 

4) Resources 
AVF formation was reported to be more cost-effective than 

AVG [23]. However, cost-effectiveness might depend on 

life expectancy and age. In patients older than 85 years, the 

cost-effectiveness of AVF diminished [24]. 

Chapter 2. Frequency and dose of hemodialysis 

Key question 2.1. 

What is the adequate frequency and duration of dialysis in 

patients undergoing HD? 

Recommendation 
We recommend maintaining a dialysis at a frequency of at least 
three sessions per week and for 4 hours or more for patients 
with minimal residual renal function. 

Recommendation grade: strong recommendation (A) 
Level of evidence: moderate 
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■ Summary of evidence 
Since Scribner started intermittent MHD in patients with 

ESKD in 1960, a typical HD schedule has been three ses-

sions for a total of 10–12 hours per week. In the Republic of 

Korea, the standard frequency and duration of dialysis are 

three sessions a week, typically for a total weekly time of 12 

hours. Various frequencies of HD treatment can be used, 

such as daily home HD, which are not discussed in this 

guideline due to medical insurance issues in the Republic 

of Korea. It is not easy to define an appropriate number of 

sessions and duration of dialysis separately from the con-

cepts of dialysis adequacy. Therefore, we searched for and 

summarized studies about the sessions and duration of 

dialysis. 

Two randomized controlled studies of HD patients who 

received dialysis three times a week reported no significant 

differences in mortality (odds ratio [OR], 1.02; 95% confi-

dence interval [CI], 0.88–1.18; p = 0.79) or hospitalization 

rates (OR, 1.38; 95% CI, 0.67–2.87; p = 0.38) between groups 

that received dialysis for more than 4 hours and less than 

4 hours per session [25,26]. On the other hand, in four 

cohort studies with which a meta-analysis was possible, 

the mortality rate (OR, 1.34; 95% CI, 1.15–1.55; p = 0.0001) 

was higher in the group that received dialysis for less than 

4 hours than in the group that received dialysis for more 

than 4 hours per session [27–30]. Based on those findings, 

patients with minimal residual renal function should be 

maintained on dialysis at least three times a week, and du-

ration should be 4 hours or more on at least one of those 

sessions [31]. Charra et al. [32] reported improved blood 

pressure control through long HD (3 × 8 hours/ week). 

Marshall et al. [33] found that the mortality rate was lower 

in the group receiving dialysis for more than 4.5 hours per 

session. 

In addition, studies suggest that it is possible to try ini-

tiating twice-weekly HD in patients who retain significant 

residual kidney function. In our meta-analysis of three 

such studies, the mortality rate tended to increase in HD 

patients without residual renal function, so such a sched-

ule should be attempted while sufficiently watching chang-

es in the patients’ residual renal function [34–36]. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 2.1.) 

(Supplement 4 | Search strategies—Key question 2.1.) 

(Supplement 5 | Study selection flow diagrams—Key question 

2.1.) 

(Supplement 6 | Summary evidence tables—Key question 2.1.) 

(Supplement 7 | Bias risk assessment—Key question 2.1.) 

(Supplement 8 | Clinical evidence profiles (GRADE tables)—

Key question 2.1.) 

(Supplement 9 | Forest plots—Key question 2.1.) 

■ Recommended considerations 
1) Benefits and harms 
In HD patients, dialysis three times a week, 4 hours per 

session, is considered the minimum requirement to extend 

patient lifespans and reduce cardiovascular (CV) mortality. 

It is difficult to increase the number of dialysis sessions or 

the dialysis time due to insurance standards in the Repub-

lic of Korea. In some patients with clinical symptoms of 

pulmonary edema or uremia (uremic pericarditis, etc.), 

an increase in the number of dialysis prescriptions can be 

considered. In dialysis patients without residual renal func-

tion, reducing the time or frequency of sessions can lead to 

life-threatening pulmonary edema and uremia. 

2) Patient values and preferences 
Patients often ask their doctors to reduce the number of 

dialysis sessions or the time per session. In particular, pa-

tients who want the prescribed dialysis time to be reduced 

little by little require education to maintain an adequate 

frequency and duration of dialysis. If a patient’s expected 

survival time is less than 6 months, conservative treatment 

is necessary. If such patients request it, dialysis can be per-

formed twice a week or for less than 4 hours per session 

[37,38]. In such cases, it is necessary to watch for the sud-

den onset of pulmonary edema or uremia symptoms. 

3) Obstacles, facilitating factors, and measures 
Some studies consider starting with dialysis twice a week 

in patients with initial residual renal function. Still, residual 

renal function can decrease rapidly in HD patients, so cli-

nicians should pay sufficient attention to the residual renal 

function of their dialysis patients. 

4) Resources 
In dialysis patients, symptoms of sudden swelling and ure-

mia can develop after the number and duration of dialysis 

sessions decreases. In such cases, the number of emergen-
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cy dialysis sessions and hospitalization rates can increase, 

which increases the cost. Therefore, it is important to try to 

keep to the frequency and duration of dialysis recommend-

ed in this guideline. 

Key question 2.2. 

In adult patients maintaining HD, does high-dose dialysis 

improve the survival rate compared with low-dose dialysis? 

Recommendation  
We recommend a target dose of 1.4 single-pool Kt/V for pa-
tients receiving thrice-weekly HD. 

Recommendation grade: strong recommendation (A) 
Level of evidence: moderate 

■ Summary of evidence 
The adequacy of HD has traditionally been measured by 

evaluating the clearance of small molecules such as urea. 

Since the Kt/V metric, which consists of dialyzer clearance 

(K), dialysis time (t), and volume of distribution (V), was 

presented, many observational studies have consistently 

reported that dialysis with increased Kt/V was significant-

ly associated with a survival benefit in patients on MHD 

[29,39–48]. 

The representative study for this issue is the HEMO (He-

modialysis) Study published in 2002 [49]. In that random-

ized clinical trial of 1,846 patients undergoing thrice-week-

ly HD, the high-dose group maintaining a mean single pool 

Kt/V (spKt/V) of 1.71 had no significant benefit in terms of 

morbidity or mortality compared with the standard group 

maintaining a mean spKt/V of 1.32. 

Therefore, because the aforementioned observational 

studies reported increased mortality rates under an inade-

quate dialysis dose, we recommend maintaining an appro-

priate dialysis time with a qualified dialysis system to ob-

tain the recommended spKt/V 1.4. However, as the HEMO 

Study showed no improvement in morbidity or mortality 

rate with high-dose dialysis, increasing the dialysis dose 

beyond the recommended level is unnecessary. 

The urea reduction ratio (URR) and equilibrated Kt/V 

(eKt/V) are other methods to assess dialysis adequacy. URR 

is simple and easy to calculate, but it inaccurately assesses 

dialysis adequacy because it does not take into account the 

volume of urea distribution. The eKt/V is lower than that of 

spKt/V because it is calculated by considering the redistri-

bution of urea after dialysis. In the HEMO Study, the mean 

eKt/V in the standard group (mean spKt/V of 1.32) was 1.16. 

In general, the corresponding eKt/V is 1.2 when the target 

dialysis dose in terms of spKt/V is 1.4. 

(Supplement 3 | Review questions–PICO format—Key 

question 2.2.) 

(Supplement 4 | Search strategies—Key question 2.2.) 

(Supplement 5 | Study selection flow diagrams—Key ques-

tion 2.2.) 

(Supplement 6 | Summary evidence tables—Key question 

2.2.) 

(Supplement 7 | Bias risk assessment—Key question 2.2.) 

(Supplement 8 | Clinical evidence profiles (GRADE ta-

bles)—Key question 2.2.) 

■ Recommended considerations 
1) Benefits and harms 
The eKt/V is a method that considers the redistribution of 

urea. Therefore, eKt/V should be obtained by performing 

additional blood sampling 30 minutes after the end of the 

dialysis session or by calculating mathematically based 

on previously developed equations [50]. However, there 

is insufficient evidence that dialysis adequacy assessment 

using eKt/V can provide additional benefits compared with 

using spKt/V. 

2) Patient values and preferences 
The assessment of HD adequacy does not reflect patients’ 

values and preferences. 

3) Obstacles, facilitating factors, and measures 
Since the introduction of high-flux membranes, low dia-

lyzer clearance has not been an obstacle to obtaining an 

adequate dialysis dose. However, spending more than 12 

hours on dialysis over the course of three sessions a week 

still degrades the patient’s quality of life, and a patient’s 

demand to reduce dialysis time can be a barrier to main-

taining dialysis adequacy. Thus, to obtain a sufficient dial-

ysis dose, Kt/V should be measured regularly, and patients 

should be educated about the need to maintain dialysis 

adequacy. Considering that the within-patient coefficient 

of variation of spKt/V was about 10% in the HEMO Study, 

a minimum spKt/V of 1.2 must be achieved when target-
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ing a spKt/V of 1.4. 

In addition, because most dialysis dose studies were 

conducted in patients undergoing dialysis three times a 

week, it is difficult to apply our recommendation to pa-

tients who undergo dialysis on different schedules. The 

weekly standardized Kt/V can be applied to patients with 

a dialysis schedule other than thrice-weekly [51]. Previous 

observational studies reported the relationship between 

weekly standardized Kt/V and mortality in those patients 

[47,52,53], but high-level evidence is still lacking. There-

fore, further studies are needed to validate dialysis ade-

quacy assessments for patients undergoing dialysis on a 

schedule other than three times a week.  

4) Resources 
Inadequate dialysis can lead to unnecessary consumption 

of medical resources due to additional hospitalizations. In 

addition, because high-dose dialysis was not associated 

with a survival benefit in the HEMO Study, the implemen-

tation of a dialysis dose above the recommended level can 

also be an unnecessary use of dialysis resources. 

Chapter 3. Dialysis membrane and modality for 
hemodialysis 

Key question 3.1. 

In adult patients receiving HD, does using a high-flux 

membrane improve patient survival or reduce CV death, 

hospitalization, or β2 microglobulin (B2M) concentration, 

compared with a low-flux membrane? 

Recommendation 
We recommend the use of high-flux dialysis membranes in 
adult HD patients. However, the cost and availability of high-flux 
membrane need to be considered.  

Recommendation grade: strong recommendation (A) 
Level of evidence: high 

■ Summary of evidence 
To date, three large-scale randomized clinical trials, the 

HEMO [49], MPO (Membrane Permeability Outcome) [54], 

and EGE [55] trials, have compared high- vs. low-flux HD 

membranes. Those trials have not proved a statistically sig-

nificant benefit in extending patients’ lives. 

However, the HEMO Study [49] demonstrated a signifi-

cant reduction in CV death as a secondary endpoint (0.072/

patient × year vs. 0.059/patient × year), and a significant 

benefit in the composite outcome of CV death and hos-

pitalization due to CV disease. Furthermore, a subgroup 

analysis showed a significant reduction in mortality risk 

(37%) in patients treated with dialysis for more than 3.7 

years prior to randomization. The MPO Study [54] reported 

a statistically significant reduction in all-cause mortality in 

the high- vs. the low-flux group among participants with 

serum albumin equal to or lower than 4 g/dL (relative risk 

[RR], 0.49; 95% CI, 0.28–0.87). That study also showed that 

improved survival was associated with high-flux dialyzers 

among those with diabetes. Although the EGE Study [55] 

did not show a reduction in composite CV events, a post 

hoc analysis suggested a benefit associated with high- 

vs. low-flux dialysis in improving CV event-free survival 

among those with AVF and those with diabetes. 

Our meta-analysis of 12 prospective clinical trials 

[49,54–64] comparing high- vs. low-flux HD membranes, 

excluding observational studies, showed a 13% reduction 

(RR, 0.87; 95% CI, 0.76–0.99) in all-cause death and a 19% 

reduction (RR, 0.81; 95% CI, 0.70–0.95) in CV death (Sup-

plement 9 forest plots 1.1. and 1.2.). Furthermore, the B2M 

concentration was reduced by 9.90 mg/L (Supplement 9 

forest plot 1.4.). However, no differences in hospitalization 

or Kt/V were shown (Supplement 9 forest plots 1.3. and 

1.5.). 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 3.1.) 

(Supplement 4 | Search strategies—Key question 3.1.) 

(Supplement 5 | Study selection flow diagrams—Key question 

3.1.) 

(Supplement 6 | Summary evidence tables—Key question 3.1.)  

(Supplement 7 | Bias risk assessment—Key question 3.1.)  

(Supplement 8 | Clinical evidence profiles (GRADE tables)—

Key question 3.1.) 

(Supplement 9 | Forest plots—Key question 3.1.) 

■ Recommended considerations 
High-flux dialysis membranes are more expensive than 

low-flux membranes. The increased cost and potential un-

availability of high-flux membrane may be considered in 

the final decision. 
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1) Benefits and harms 
As mentioned above, our meta-analysis of 12 interven-

tional studies showed that high-flux membrane reduced 

all-cause death by 13% and also reduced CV deaths and 

serum B2M. Particularly increased benefits are expected in 

patients with diabetes and in those with a long duration of 

dialysis treatment and a high risk of dialysis-related amy-

loidosis. 

High-flux membrane does not elevate the risks of intradi-

alytic hypotension and muscle cramps, nor does it remark-

ably increase medical costs because high-flux membranes 

are reimbursed in most cases in the Republic of Korea. 

2) Patient values and preferences 
Patients do not have preferences between high- and low-

flux HD membranes. The choice of membrane type de-

pends mostly on the medical decision of the clinician. 

3) Obstacles, facilitating factors, and measures 
None. 

4) Resources 
High-flux membranes are available in most HD centers in 

the Republic of Korea. They are also reimbursed under the 

National Health Insurance System. 

Key question 3.2. 

Is online HDF superior to high-flux HD in patient lifespan, 

CV mortality, hospitalization rate, and quality of life for HD 

patients? 

Recommendation 
1. There was no difference in all-cause mortality, CV mortality, 
hospitalization rate and quality of life in online hemodiafiltration 
(HDF) compared with high-flux HD. 

Recommendation grade: conditional recommendation (B) 
Level of evidence: moderate 

2. We consider it reasonable to apply high-volume online HDF 
after considering the cost-effectiveness in some cases. 

Recommendation grade: expert consensus 

■ Summary of evidence 
In randomized clinical trials comparing online HDF and 

high-flux HD, such as the Turkish OL-HDF (Online Hemo-

diafiltration) [65] and the FRENCHIE (French Convective 

vs. Hemodialysis in the Elderly) [66], no significant effect 

was demonstrated on overall lifespan or CV mortality 

(Supplement 9 forest plot 1.1). However, when the par-

ticipants in the Turkish OL-HDF Study were divided into 

two groups with a median amount of supplementation of 

17.4 L, the high-efficiency group (17.4 L or more) had sig-

nificantly longer lifespans than the lower efficiency group  

(p = 0.03). 

The ESHOL (Estudio de Supervivencia de Hemodiafil-

tración On-Line) Study [67], a randomized clinical trial 

comparing high-efficiency online HDF with HD, showed a 

30% improvement in overall lifespan in the high-flow on-

line HDF group (hazard ratio [HR], 0.70; 95% CI, 0.53–0.92; 

p = 0.01) CV mortality was reduced by 33% (HR, 0.67; 95% 

CI, 0.44–1.01; p = 0.06). 8.1% of the patients in the HD 

group in this study used low-flux HD membranes. 

In both the Turkish OL-HDF and FRENCHIE studies, no 

difference in the overall hospitalization rate was observed 

between the two groups (Supplement 9 forest plot 1.2), but 

in the ESHOL Study, the hospitalization rate was lower in 

the high-flow online HDF group (RR, 0.78; 95% CI, 0.67–

0.90; p = 0.001). In terms of quality of life, our meta-analy-

sis of six prospective clinical trials (excluding observational 

studies) [68–73] found no significant difference between 

the online HDF and HD groups. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 3.2.) 

(Supplement 4 | Search strategies—Key question 3.2.) 

(Supplement 5 | Study selection flow diagrams—Key ques(-

Supplement 6 | Summary evidence tables—Key question 3.2.) 

(Supplement 7 | Bias risk assessment—Key question 3.2.) 

(Supplement 8 | Clinical evidence profiles (GRADE tables)—

Key question 3.2.) 

(Supplement 9 | Forest plots—Key question 3.2.) 

■ Recommended considerations 
Online HDF is a dialysis method that is advantageous for 

solute removal by diffusion and convection, but additional 

large-scale prospective clinical studies are needed to prove 

its effectiveness in improving several clinical parameters 

[74–76]. Our recommendation could be changed by the re-

sults of a currently ongoing randomized clinical trial [77]. 

S16 www.krcp-ksn.org

Kidney Res Clin Pract 2021;40(Suppl 1):S1-S37

https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl9.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl9.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl3.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl4.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl5.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl6.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl7.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl8.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-600suppl9.pdf


1) Benefits and harms 
For online HDF, an HD machine that supports it must be 

secured. According to the results of previous studies, a 

large amount of supplementation solution must be used 

to accrue clinical benefits such as an improvement in the 

survival rate, and the key to such high-flow online HDF is 

securing a high blood flow rate. The additional cost burden 

of online HDF can be a barrier to its implementation. 

2) Patient values and preferences 
In the case of online HDF, additional costs are incurred for 

the patient, so the judgment and explanation of the medi-

cal staff and the understanding and consent of the patient 

are required. 

3) Obstacles, facilitating factors, and measures 
Health insurance reimbursement is required. 

4) Resources  
A dialysis machine for online HDF and a high-flow dialysis 

membrane are required.  

Chapter 4. Anticoagulation for the hemodialysis 

Key question 4.1. 

In adult HD patients without an increased bleeding risk, 

does LMWH reduce bleeding events or HD circuit throm-

bosis, compared with conventional UFH for anticoagula-

tion during HD? 

Recommendation
We recommend using UFH as the standard for systemic antico-
agulation in HD patients without an increased bleeding risk be-
cause no differences could be found in the bleeding outcomes 
or circuit thrombosis between UFH and LMWH. 

Recommendation grade: strong recommendation (A) 
Level of evidence: low 

■ Summary of evidence 
UFH is the conventional anticoagulant for HD in patients 

without active bleeding, a recent history of bleeding events, 

moderate to severe thrombocytopenia, or heparin allergy. 

Usually, a loading dose of 1,000–2,000 units is adminis-

tered at the start of HD, followed by a continuous infusion 

of 500–1,500 units per hour, which is stopped ~30 minutes 

before the end of each HD session. The heparin dose can 

be adjusted empirically according to the clinical situation. 

Compared with UFH, LMWH can be administered as a 

bolus, and it has been shown to be better in terms of lipid 

profile and osteoporosis. Thus, its use in HD patients is 

increasing in Europe [78]. We intended to verify whether 

LMWH could reduce bleeding events or HD circuit throm-

bosis compared with the conventional UFH in HD patients 

without a high bleeding risk. 

Three meta-analyses that addressed the efficacy and 

safety of LMWH and UFH were identified at the time of 

literature search [79–81]. We selected clinical studies with 

parallel or cross-over designs that randomly allocated 

patients on HD or HDF into LMWH and UFH groups over 

at least a 1-month period. Based on those criteria, several 

studies were excluded from our analysis for the following 

reasons: less than a 1-week study period (Borm et al. [82], 

Koutsikos et al. [83] in the meta-analysis by Lim et al. [80] 

and Palamaner Subash Shantha et al. [81]); a dose finding 

study design (Ryan et al. [84]); and no random allocation 

(Al-Saran et al. [85], Bramham et al. [86], Yang et al. [87] in 

a meta-analysis by Lazrak et al. [79], and Sabry et al. [88]). 

Our meta-analysis was thus performed with six studies 

[89–94], though the poor blinding in those studies pro-

duced only a moderate level of evidence. The RR for any 

bleeding event was 0.74 (95% CI, 0.24–2.31) and did not 

differ between the LMWH and UFH groups (Supplement 9 

forest plot 1.1.). The reported cases of major bleeding were 

too few to do a subgroup analysis. Circuit thrombosis was 

defined as the number of cases of clotting in the dialyzer 

and circuit lines. That meta-analysis used three studies 

[90,91,93] and produced an RR of 0.99 (95% CI, 0.56–1.77) 

for the LMWH group compared with UFH group, indicat-

ing no difference between the two anticoagulants (Supple-

ment 9 forest plot 1.2.). However, the level of evidence was 

assessed to be low due to heterogeneity among the studies 

and possible risks of bias. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 4.1.) 

(Supplement 4 | Search strategies—Key question 4.1.) 

(Supplement 5 | Study selection flow diagrams—Key question 

4.1.) 

(Supplement 6 | Summary evidence tables—Key question 4.1.) 
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(Supplement 7 | Bias risk assessment—Key question 4.1.) 

(Supplement 8 | Clinical evidence profiles (GRADE tables)—

Key question 4.1.)  

(Supplement 9 | Forest plots—Key question 4.1.)  

■ Recommended considerations 
1) Benefits and harms 
Previous meta-analyses reported the benefit of LMWH in 

terms of dyslipidemia and osteoporosis, but neither benefit 

nor harm was found in the primary outcomes of bleeding 

and circuit thrombosis, which our question addressed. 

2) Patient values and preferences 
In terms of bleeding and circuit thrombosis, the two drugs 

do not appear to differ in view of patient values and pref-

erences. 

3) Obstacles, facilitating factors, and measures 
When the cost of LMWH went down, clinicians and nurs-

ing staff would prefer LMWH to UFH because of the conve-

nience of administration and monitoring. 

4) Resources 
Dalteparin, enoxaparin, and nadroparin are available in 

the Republic of Korea. Saltissi et al. [92] reported a cost-ef-

fectiveness analysis, but we did not adopt it because of the 

difference in health system and reimbursement. 

■ Other considerations 
We recommend UFH as the standard anticoagulant for HD 

due to the low level of evidence supporting the superiority 

of LMWH. However, LMWH may be used as an alternative 

based on clinical decisions regarding disease status of pa-

tients, medication, or cost-effectiveness. 

Key question 4.2. 

In HD patients with a high risk of bleeding, does regional 

anticoagulation with nafamostat mesylate attenuate the 

risk of bleeding and prevent thrombosis in the extracorpo-

real blood circuit, compared with heparin? 

Recommendation  
1. We recommend not to use heparin for anticoagulation in 

HD patients with a high risk of bleeding. 

Recommendation grade: against recommendation (C) 
Level of evidence: low 

2. We suggest the use of nafamostat mesylate, instead of 
heparin, for anticoagulation in HD patients with a high risk 
of bleeding. 

Recommendation grade: conditional recommendation (B) 
Level of evidence: low 

■ Summary of evidence 
Only a few studies conducted in the Republic of Korea pre-

sented low-level evidence about the anticoagulation strate-

gy for HD patients with a risk of bleeding. 

In a multi-center phase III trial assessing the anticoag-

ulation efficacy and safety of nafamostat mesylate [95], 58 

HD patients were defined as at high risk of bleeding due to 

hemorrhagic complications. Among the 49 patients whose 

clinical course could be assessed, no one experienced the 

progression of preexisting hemorrhagic lesions during 

the use of nafamostat mesylate, and improvement in the 

preexisting lesions was seen in 37 patients (71%). On the 

contrary, in a cross-over arm using heparin in those same 

patients at preoperative stages or during recovery from a 

hemorrhagic complication, aggravation of the preexisting 

lesion was observed in one patient (4%), and only six pa-

tients (28%) experienced improvement in the preexisting 

lesions, with 15 patients (68%) remaining stationary. Nafa-

mostat mesylate also showed a superior profile to heparin 

in the degrees of residual blood in the dialyzer and blood 

clotting in the venous drip chamber. The incidence of ad-

verse reactions was comparable in both groups. 

In a randomized trial conducted in a single center in the 

Republic of Korea [96], 17 HD patients with intracerebral 

hemorrhage were divided into two groups: one with hep-

arin (n = 9), and the other with nafamostat mesylate (n = 

8). The follow-up computed tomography imaging of the 

hemorrhagic lesions showed that, compared with heparin, 

nafamostat mesylate significantly prevented the aggrava-

tion of preexisting hemorrhagic lesions (p = 0.024), but no 

specific descriptions about the formation of blood clots or 

adverse events were presented in that study. 

Despite the lack of large-scale trials, we recommend 

against using heparin for anticoagulation in HD patients 
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with a high risk of bleeding based on the limited evidence 

that the use of heparin can aggravate preexisting hemor-

rhagic lesions. Provided that regional anticoagulation with 

nafamostat mesylate efficiently prevents both the aggra-

vation of preexisting lesions and thrombosis in the extra-

corporeal blood circuit, we suggest the use of nafamostat 

mesylate, instead of heparin, for anticoagulation in HD 

patients with a high risk of bleeding. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 4.2.) 

(Supplement 4 | Search strategies—Key question 4.2.) 

(Supplement 5 | Study selection flow diagrams—Key question 

4.2.) 

(Supplement 6 | Summary evidence tables—Key question 4.2.) 

(Supplement 7 | Bias risk assessment—Key question 4.2.) 

■ Recommended considerations 
1) Benefits and harms 
The use of heparin in HD patients with a high risk of bleed-

ing should be minimized because it could aggravate the 

preexisting hemorrhagic lesions. As no one has reported 

that the frequency of adverse events is higher in patients 

with nafamostat mesylate treatment than with heparin 

treatment, the evidence so far indicates that the use of na-

famostat mesylate does not produce further harm in HD 

patients with a high risk of bleeding. 

2) Patient values and preferences 
Because the choice of anticoagulation strategy is usually 

made by doctor, at least in terms of this key question, it is 

impractical to consider patient values and preferences. 

3) Obstacles, facilitating factors, and measures 
We expect few obstacles to the accommodation of these 

recommendations because they are largely in accordance 

with the current practice in the Republic of Korea. 

4) Resources 
The National Health Insurance Service covers the use of 

nafamostat mesylate in HD patients with a high risk of 

bleeding.  

■ Other considerations 
Nafamostat mesylate is activated exclusively within the 

extracorporeal blood circuit because the half-life is only 

about 8 minutes [97]; and therefore, it could be an option 

for regional anticoagulation. Though nafamostat mesylate 

is already widely available in the Republic of Korea, the lev-

el of evidence for this recommendation is low because of 

the lack of large scale, randomized trials. 

A practice guideline by the Renal Association published 

in 2019 [78] recommended that systemic anticoagulation 

be omitted or minimized in patients with an increased 

bleeding risk. That guideline presented some alternatives 

to systemic anticoagulation, including a high blood flow 

rate [98,99] and using a heparin-coated dialyzer [100,101]. 

Citrate [102] and prostacyclin (epoprostenol) [103] were 

also presented as regional anticoagulant options. That 

guideline declared that nafamostat mesylate could not be 

used in the United Kingdom, suggesting that anticoagula-

tion strategies differ by country. Although physicians are 

reminded that various regional anticoagulants other than 

nafamostat mesylate could also be alternatives, we did not 

thoroughly review those options because we assumed that 

they would not be easily adopted in the Republic of Korea. 

Chapter 5. Volume and fluid status in hemodialysis 
patients 

Key question 5.1. 

In patients on HD, does limiting interdialytic weight gain 

(IDWG) between dialysis sessions improve prognosis, 

compared with not limiting it? 

Recommendation  
1. We suggest that the weight-gain ratio between dialysis 

sessions not exceed 4% compared with the dry weight be-
fore dialysis. 

Recommendation grade: strong recommendation (A) 
Level of evidence: moderate 

2. We consider it reasonable that patients whose body 
weight before dialysis exceeds 4% compared with the dry 
weight require an assessment of excess body fluids, di-
etary compliance, and nutritional status along with the 
provision of dietary education. 

Recommendation grade: expert consensus 
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■ Summary of evidence 
It is known that excessive weight gain between dialysis 

sessions can lead to excess fluid volume and increase CV 

events and mortality by inducing excessive ultrafiltration 

[104,105]. However, weight gain between dialysis sessions 

can also reflect adequate nutritional intake. Therefore, ne-

phrologists should use a multifactorial assessment to eval-

uate patients with weight gain between dialysis sessions. 

According to both the United States Renal Data System [106] 

and the DOPPS (Dialysis Outcomes and Practice Patterns 

Study) [107], a large-scale observational study in the ear-

ly 2000s, were significantly higher than the control group 

when the ratio of weight gain between dialysis sessions was 

excessively high compared with the dry weight. Based on 

those results, the 2015 dialysis treatment guidelines in Japan 

recommended a weight gain ratio of less than 6% between 

dialysis sessions. However, in those studies, the ultrafiltra-

tion rate per time of dialysis was not adjusted, the effect size 

of the mortality risk was small, and the definition of IDWG 

between dialysis sessions was not unified [104,105].  

Weight gain between dialysis sessions is highly correlat-

ed with chronic volume overload, but the two concepts 

are not exactly the same. Recent research results suggest 

that in patients with large weight gain during dialysis, body 

fluid levels need to be assessed using methods such as bio-

impedance spectroscopy [108]; anemia and nutritional sta-

tus need to be corrected [109,110]; and individualized ap-

proaches need to be used or suggested. One study included 

38,614 HD patients who underwent total body fluid assess-

ments, and even when the IDWG between dialysis sessions 

was low (2.4% or less), patients with chronic volume over-

load had significantly higher mortality [108]. In the group 

with a serum albumin level of 3.8 g/dL or less in the 2017 

Japan DOPPS, the association with death was significant 

only in the group with weight gain between dialysis sessions 

of less than 2.4% [109]. In the study of Lee et al. [111], the 

weight gain ratio between dialysis sessions was 4.0% in the 

dialysis group compared with 2.0% in the control group, 

and the dialysis group showed a significant CV event risk 

(HR, 1.93) compared with the control group after adjust-

ment for residual renal function. In addition, the frequency 

of intradialytic hypotension during dialysis increased sig-

nificantly from 3% or more of IDWG, and that phenomenon 

during dialysis was associated with death [112]. Following 

the observational DOPPS study on the effect of weight gain 

between dialysis sessions on prognosis was published in 

2003, a summary of recent trends and prognosis associated 

with weight gain between dialysis sessions was published 

in 2017 [113]. The results of the 2017 DOPPS study, which 

included about 22,000 patients, showed that compared with 

2003, the number of patients with a high rate of weight gain 

between dialysis sessions was decreasing. Nephrologists 

and dialysis staff should examine whether patients with 

excessive weight gain between dialysis sessions have poor 

compliance with a low-salt diet and water restrictions and 

whether that could be causing excessive volume overload 

[107,114,115]. Conversely, patients with low IDWG should 

be considered for their nutritional status and need for an 

assessment of intake. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 5.1.) 

(Supplement 4 | Search strategies—Key question 5.1.) 

(Supplement 5 | Study selection flow diagrams—Key question 

5.1.) 

(Supplement 6 | Summary evidence tables—Key question 5.1.) 

(Supplement 7 | Bias risk assessment—Key question 5.1.) 

(Supplement 8 | Clinical evidence profiles (GRADE tables)—

Key question 5.1.) 

■ Recommended considerations
1) Benefits and harms 
No randomized, controlled studies have examined what pro-

portion of weight gain between dialysis sessions is optimal. 

Japan’s HD guidelines from Japanese Society for Dialysis 

Therapy were the only overseas HD guidelines we found that 

presented specific values (within 6%) [116]. Excessive weight 

gain between dialysis sessions inevitably leads to an increase 

in the ultrafiltration rate between dialysis sessions when 

maintaining the same dry weight, and in many studies, an ex-

cessive ultrafiltration rate during dialysis showed a significant 

association with early death [117–119]. Therefore, the Japa-

nese guidelines for HD provide an ultrafiltration amount per 

unit time of 15 mL/kg/hour, considering the average dialysis 

time. No randomized study has suggested that the proportion 

of weight gain between dialysis sessions should be within 

4%, so this guideline is based on the results of a prospective 

observational study conducted in 36 hospitals in the Repub-

lic of Korea to examine the association between CV death 

events in dialysis patients and weight gain between dialysis 
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sessions patients. In a 2014 study by Lee et al. [111], the group 

with weight gain of more than 4.0% between dialysis sessions 

had a CV mortality risk 1.93 times that of the group with a 

weight gain of less than 2.0% (95% CI, 1.02–3.64; p = 0.04). An 

analysis that corrected for residual renal function using 24-

hour urine volume also showed significant results, and the 

gain could be predicted when the weight gain ratio between 

dialysis sessions was adjusted to at least 4.0%. However, there 

is insufficient evidence to indicate how much the weight gain 

ratio should be lowered between dialysis sessions. 

2) Patient values and preferences 
In previous studies, weight gain between dialysis sessions 

correlated with randomly skipping dialysis sessions or re-

ducing the dialysis time by 10 minutes or more [107,115]. 

Based on those findings [107,115], weight gain between 

dialysis sessions has often been used as an indicator of 

patient compliance. The possibility that noncompliance of 

dialysis patients increases their mortality rate has also been 

suggested [114], so patients with excessive weight gain 

during dialysis must receive the dialysis staff's constant at-

tention and monitoring. 

3) Obstacles, facilitating factors, and measures 
According to the DOPPS observational study of recent 

trends and prognosis associated with weight gain between 

dialysis sessions published in 2017, the number of patients 

with a high proportion of weight gain between dialysis 

sessions has decreased compared with the results of the 

2003 DOPPS, but there was a difference between the ab-

solute weight gain between dialysis sessions (absolute 

weight gain) and the relative IDWG (percentage of post-HD 

weight). In particular, the weight gain ratio between dial-

ysis sessions among Japanese dialysis patients was higher 

than that in the United States, Australia, and Europe, at 

more than 5.7%, which is an excessive weight gain ratio. 

For weight gain between dialysis sessions, the dialysis staff 

and the patient should consider both the weight gain ratio 

and the absolute weight gain. 

4) Resources 
According to a recent study [108], the use of body compo-

sition monitoring increases the survival rate by controlling 

the dry weight of dialysis patients and assessing whether 

body fluid is excessive [108]. Patients with excessive weight 

gain during dialysis might consider using a body composi-

tion monitor such as bioimpedance. 

■ Other considerations 
Although limiting IDWG is a patient-centered factor that 

reflects compliance with dialysis patients’ dietary recom-

mendations, such as a low-salt diet and water restrictions, 

the ultrafiltration rate prescription during dialysis is a treat-

ment-related factor controlled by dialysis staff. A strict em-

phasis on weight gain between dialysis sessions can lead 

to nutritional imbalances. Rather than evaluating weight 

gain between dialysis sessions as an absolute value, patient 

compliance, nutritional status, and excess fluid balance 

should be evaluated using a multifactorial approach, and 

patients should receive dietary education so that they can 

maintain an appropriate, healthy dry weight. 

Key question 5.2. 

In HD patients, is low sodium dialysate (<138 mEq/L) more 

helpful in avoiding volume overload than conventional so-

dium dialysate (138–140 mEq/L)?  

Recommendation  
We suggest that the change of conventional dialysate sodium 
(138–140 mEq/L) to low dialysate sodium (<138 mEq/L) to 
maintain adequate volume status. Attention should be paid to 
the possibility of developing intradialytic hypotension and mus-
cle cramps while using low sodium dialysis. 
Recommendation grade: conditional recommendation 
(B) Level of evidence: moderate 

■ Summary of evidence 
Sodium and water accumulation lead to volume overload 

and hypertension, which are major risk factors for left 

ventricular hypertrophy [120–123]. In dialysis patients, ul-

trafiltration and antihypertensive drugs are the treatments 

of choice to remove volume overload and reduce blood 

pressure, which is often left untreated in clinical situations 

[124,125]. Katzarski et al. [126] reported that 90% of HD 

patients could control their blood pressure without anti-

hypertensive drugs if they received long HD (3 × 8 hours/

week) and maintained an ideal dry weight. In addition, 

some studies that increased the frequency of dialysis above 

the usual case, effectively controlled blood pressure, and 
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edema and left ventricular hypertrophy were also im-

proved [124,127,128]. 

However, increasing the frequency and time of dialysis is 

subject to medical insurance restrictions. Therefore, lower-

ing sodium dialysate levels below the conventional levels is 

one method for removing sodium and water. Even with the 

conventional sodium concentration in dialysate, sodium 

moves backward into the body, causing increased blood 

pressure and water retention and leading to weight gain 

between dialysis sessions [129]. According to a report from 

the Republic of Korea, the sodium concentration of dialy-

sate was 140 mEq/L, 23%; 138 mEq/L, 64%; and 139 mEq/L 

[130]. 

Recently, Dunlop et al. [131] published a meta-analysis 

about low sodium dialysate (Na of <138 mEq/L) compared 

with neutral (Na of 138–140 mEq/L) and high sodium 

dialysate (Na of >140 mEq/L) in HD patients. That study 

showed that low sodium dialysate was associated with de-

creased weight gain, but the risk of hypotension increased. 

We conducted a literature search to compare the effects 

of conventional and low sodium dialysate on IDWG. We 

found and reviewed three randomized controlled stud-

ies and five before/after studies [132–139]. Low dialysate 

sodium reduced IDWG (mean difference [MD], –0.27 kg; 

95% CI, –0.57 to 0.17; p = 0.01), predialysis blood pressure 

(MD, –3.52; 95% CI, –5.46 to – 1.57; p = 0.0004), and the use 

of antihypertensive medications (standardized MD, –0.60; 

95% CI, –1.13 to –0.07; p = 0.03). Low dialysate sodium was 

associated with a low serum sodium concentration (MD, 

–1.59; 95% CI, –2.40 to –0.78; p = 0.0001). The use of low 

sodium dialysate increased side effects such as hypoten-

sion, muscle cramps, and headaches during dialysis. Our 

meta-analysis showed that the frequency of hypotension 

during dialysis increased significantly (RR, 1.49; 95% CI, 

1.09–2.03; p = 0.01). Thus, low sodium dialysis solution 

significantly reduced IDWG and blood pressure before di-

alysis compared with the group using conventional sodium 

dialysate. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 5.2.) 
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■ Recommended considerations 
1) Benefits and harms 
Intradialytic hypotension, muscle cramps, and headache 

are common complications of ultrafiltration during HD 

therapy. To reduce those side effects, we usually use con-

ventional sodium dialysates (138–140 mEq/L), which keeps 

the sodium level of the dialysate higher than that of the 

patient’s plasma sodium. When using a low sodium dialy-

sate, the risk of intradialytic hypotension increases, which 

can lead to increased CV disease and hospitalization rates. 

Therefore, the use of low sodium dialysate requires staff 

to pay attention to patient complaints of hypotension and 

muscle spasms during dialysis. 

2) Patient values and preferences 
Low sodium dialysate is more likely to cause hypotension 

during dialysis, and if hypotension occurs, patients feel that 

dialysis is unsafe and are more likely to become dissatisfied 

[140,141]. 

3) Obstacles, facilitating factors, and measures 
None. 

4) Resources 
In a HD center, the use of low sodium dialysate carries no 

cost increase. Still, caution is required because of the risk 

of hypotension and muscle cramps during dialysis and in-

creased hospitalization rates. 

Chapter 6. Blood pressure control in hemodialysis 
patients 

Key question 6.1. 

In HD patients, does lowering predialysis systolic blood 

pressure below 140 mmHg improve patient prognosis? 
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Recommendation 
1. There is insufficient evidence to assign an optimal blood 

pressure target for HD patients. Recommendation grade: in-
conclusive (I) 
Level of evidence: very low 

2. We consider it reasonable that antihypertensive medications 
should be prescribed for hypertensive HD patients consider-
ing multi-factors. 
Recommendation: expert consensus 

■ Summary of evidence 
Blood pressure lowering treatment significantly reduces 

the CV morbidity and mortality rate in HD patients, which 

is similar to the effects of antihypertensive medication 

in the general population. However, no optimal blood 

pressure goal has been suggested for HD patients [142]. 

Some traits necessitate a careful interpretation of the study 

results for lowering blood pressure in HD patients. Most 

RCTs were based on a specific drug, not a target blood 

pressure. In our systematic review, it was difficult to pool 

blood pressure targets because the blood pressure reduc-

tion achieved by patients varied widely among the trials, 

and the baseline blood pressure level was heterogenous in 

each study. Therefore, the evidence is insufficient to deter-

mine whether the effect of antihypertensive medication is 

a drug-specific effect or a result of reducing the blood pres-

sure below a certain threshold. 

In one prospective observational cohort study performed 

in the Republic of Korea, a U-shaped HR pattern of patient 

mortality was observed among 2,299 HD patients during 

4.5 median years of follow-up. The lowest risk was shown 

in the groups with 130–150 mmHg of systolic blood pres-

sure. When the continuous blood pressure was categorized, 

the group with systolic blood pressure under 110 mmHg 

and the group with systolic blood pressure higher than 

170 mmHg showed an increased HR for mortality during 

follow-up [143]. In a Western study of 9,333 HD patients 

in an observational cohort with a median follow-up of 1.5 

years, a similar U-shaped HR pattern for patient mortality 

was observed; however, the lowest risk in that study was 

observed at around 165 mmHg, which was different from 

the Korean study [144]. Observational studies of blood 

pressure and patient mortality in HD patients reported a 

U-shaped HR, which represents increased short-term mor-

tality risk at the tail sides of the blood pressure distribution. 

Nevertheless, that evidence is insufficient to suggest a par-

ticular threshold for blood pressure that elevates the short-

term mortality risk. A multi-faceted approach is needed 

because several factors can act as confounders for blood 

pressure treatment, including interdialytic blood pressure 

variability [145], intradialytic antihypertensive drug remov-

al through the dialysis membrane [146], body fluid changes 

[147], reduced vascular elasticity, and postdialysis blood 

pressure increases, which can also manifest as intradialytic 

hypertension [148]. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 6.1.) 

(Supplement 4 | Search strategies—Key question 6.1.) 

(Supplement 5 | Study selection flow diagrams—Key ques-

tion 6.1.) 

■ Recommended considerations 
1) Benefits and harms 
Although antihypertensive medication reduced CV events 

and patient mortality rates in HD patients, interdialytic hy-

potension should be checked. Intradialytic or postdialysis 

hypotension can lead muscle cramps, dizziness, and an 

increased risk of falls and fractures. 

2) Patient values and preferences 
Patients might refuse hypertension treatment for the pre-

viously described reasons. However, uncontrolled hyper-

tension is associated with an increased admission rate for 

heart failure and can aggravate ventricular hypertrophy, 

which can worsen heart failure. Therefore, patient educa-

tion about those risks should be delivered to ensure that 

they can make informed decisions. 

3) Obstacles, facilitating factors, and measures 
Excessive volume gain during the interdialytic period can 

interfere with optimal blood pressure maintenance through 

excessive volume reduction during dialysis sessions. A low-

salt diet should be encouraged in MHD patients because 

salt intake makes patients thirsty, which directly adds to 

their interdialytic volume gain. 

4) Resources 
Home blood pressure monitoring or continuous blood 

pressure monitoring using an ambulatory blood pres-
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sure monitoring system reported better information than 

dialysis unit blood pressure measurements [149,150]. 

However, in terms of resource management, it is difficult 

to recommend that all patients buy and maintain a home 

blood pressure monitoring system. In addition, no center 

provides 24-hour continuous ambulatory blood pressure 

monitoring at this time. 

Key question 6.2. 

In HD patients, does the incidence of intradialytic hypoten-

sion decrease when the dialysate temperature is lowered 

below the standard dialysate temperature?  

Recommendation 
We suggest lowering the dialysate temperature to reduce intra-
dialytic hypotension. 
Recommendation grade: conditional recommendation (B) 
Level of evidence: moderate 

■ Summary of evidence 
Intradialytic hypotension is a common complication and 

requires appropriate management because it affects the 

morbidity and mortality rates of HD patients. Several meth-

ods have been tried to prevent intradialytic hypotension. 

One of them is to lower the dialysate temperature. In gen-

eral, standard temperature dialysis maintains the dialysate 

temperature at 36.5°C–37.0°C, which is similar to body 

temperature. The dialysis methods that lower the dialysate 

temperature are fixed reduction (usually 35.0°C–35.5°C) 

and isothermic dialysis through body temperature moni-

toring using a biofeedback system [151]. 

According to seven RCTs [152–158] and three prospec-

tive studies [159–161], intradialytic hypotension incidence 

decreased when the dialysate temperature was lowered 

[152-157,159,160]. In addition, there was little change in 

blood pressure reduction during or after dialysis, and the 

lowest blood pressure during dialysis was higher than 

during standard dialysis [152,153,155–161]. Those effects 

were more notable in patients who experienced more fre-

quent intradialytic hypotension [156]. When the dialysate 

temperature was lowered, the incidence of intradialytic 

hypotension decreased, which in turn decreased region-

al left ventricular dysfunction and myocardial stunning 

[152,158]. A cold sensation or discomfort tended to increase 

when the dialysate temperature was lowered, but it was not 

severe enough to stop dialysis [152,158], and there was no 

difference in symptoms such as shivering [157]. In fact, in 

some studies patients reported feeling more energetic when 

the dialysate temperature was reduced and requested the 

reduced dialysate temperature for future session [156,160]. 

In previous studies, the dialysis efficiency, assessed by Kt/V 

and the URR, did not differ when the dialysate temperature 

changed [156,157,159]. However, no direct comparison has 

been made of the effects of fixed reduction of dialysate tem-

perature and isothermic dialysate. Most studies related to 

dialysate temperature have been randomized cross-over tri-

als conducted in relatively few patients for short periods of 

time. In addition, no study has examined the long-term fol-

low-up results on CV disease and mortality, so a large-scale 

study is needed to evaluate the major long-term outcomes 

of lowering the dialysate temperature. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 6.2.) 

(Supplement 4 | Search strategies—Key question 6.2.) 

(Supplement 5 | Study selection flow diagrams—Key question 

6.2.) 

(Supplement 6 | Summary evidence tables—Key question 6.2.) 

(Supplement 7 | Bias risk assessment—Key question 6.2.) 

(Supplement 8 | Clinical evidence profiles (GRADE tables)—

Key question 6.2.) 

■ Recommended considerations 
1) Benefits and harms 
Lowering the dialysate temperature is relatively simple and 

does not incur additional costs compared with standard 

dialysis. It is considered advantageous because it mini-

mizes intradialytic hypotension, and the risk is not great. A 

cold sensation or discomfort tended to increase when the 

dialysate temperature was lowered, but it was not severe 

enough to stop dialysis. Indeed, in some studies, patients 

felt more energetic when the dialysate temperature was 

lowered and requested the reduced dialysate temperature 

for future sessions. Overall, the risk is not significant.  

2) Patient values and preferences 
During dialysis with a lowered dialysate temperature, some 

patients experience a cold sensation and more shivering. 

Therefore, clinicians should explain the advantages and 
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disadvantages of a fixed reduction in dialysate temperature 

or isothermal dialysate to the patient and adjust the dialysis 

method according to the patient’s values and preferences. 

3) Obstacles, facilitating factors, and measures 
No additional equipment or facilities are required to lower 

the dialysate temperature. However, if the patient’s cold 

sensation or shivering is severe due to the lower dialysate 

temperature, which could be an obstacle. Therefore, ex-

plain the advantages and disadvantages of dialysis with 

reduced dialysate temperature or isothermal dialysis to the 

patients and determine an appropriate method. 

4) Resources 
Lowering the dialysate temperature is simple and econom-

ical because it does not require any additional equipment 

or facilities. In addition, because intradialytic hypotension 

incidence decreases, it can reduce costs by removing the 

need for further treatments and eliminate the need for addi-

tional medical staff when intradialytic hypotension occurs. 

■ Other considerations 
For this key question, we referenced three systematic re-

view and meta-analysis studies [151,162,163] with their 

quality assessments, in addition to 10 RCTs and prospec-

tive studies. 

Chapter 7. Evaluating and monitoring hemodialysis 
patients 

Key question 7.1. 

What regular test items and frequency are appropriate for 

patients on MHD? 

Recommendation 
1. We consider it reasonable to test dialysis adequacy at least 

every 3 months in patients on MHD. Recommendation 
grade: expert consensus 

2. We consider it reasonable to perform CBC tests, liver func-
tion tests, and routine chemistry tests at least monthly in 
patients on MHD. 
Recommendation grade: expert consensus 

3. We consider it reasonable to test iron status, PTH, and 
HbA1C (in diabetic patients) and perform a chest radiograph 
at least every 3 months in patients on MHD. 
Recommendation grade: expert consensus 

4. We consider it reasonable to test hepatitis viral markers and 
perform electrocardiography at least every 6 months in pa-
tients on MHD. 
Recommendation grade: expert consensus 

■ Summary of evidence 
In patients undergoing HD treatment to treat CKD, the pur-

pose of dialysis is to sufficiently remove uremic substances 

and water to control uremic symptoms, maintain a stable 

electrolyte balance, and prevent the deterioration of nutri-

tional status, thereby improving health and quality of life. 

Maintaining an adequate dialysis dose means maintaining 

the patient’s well-being, adequate volume status, and bal-

anced biochemical levels. Many studies have reported that 

dialysis adequacy is associated with patient survival and 

quality of life [49,164–167]. No RCTs or prospective obser-

vational studies have reported the outcomes for test items 

and intervals in patients on MHD. Moreover, no studies 

have examined Korean patients on MHD. However, a ret-

rospective study recently published in Canada found that 

routine monthly blood testing of HD patients, compared 

with testing every 6 weeks, was not associated with a low-

er risk of death, CV events, or hospitalization during fol-

low-up [168]. In this guideline, the test recommendations 

above are in accordance with expert opinion, given that 

most dialysis centers conduct blood tests monthly. 

• Global clinical practice guideline 
Previously foreign practice guidelines recommended that 

the dialysis dose be measured monthly. Most dialysis cen-

ters perform blood testing, including electrolytes, monthly 

because the tests performed in patients undergoing MHD 

are uncomplicated and inexpensive [169,170]. The KDOQI 

guideline published in 2006 recommended that the dialysis 

dose be measured at regular intervals no less than monthly 

(A). Less frequent measurements could compromise the 

timeliness with which deficiencies in the delivered dose of 

HD are detected and thereby delay the implementation of 

corrective action [169]. The European best practice guide-

line published in 2007 also recommended that the delivered 

dialysis dose be measured at least monthly (Opinion) [170]. 
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The UK Renal Association CPG published in 2019 recom-

mends measuring and monitoring the dialysis dose monthly 

for most center-based dialysis patients (1B) [78]. However, 

in this guideline, we recommended that the dialysis dose be 

measured at least every 3 months, which is in accordance 

with expert agreement and takes into account the medical 

reality and cost of testing in the Republic of Korea. 

In this guideline, CBC, liver function (total protein and 

albumin levels), and routine blood chemistry (blood urea 

nitrogen [BUN], creatinine [Cr], sodium, potassium, cal-

cium, phosphate, uric acid, and glucose) tests are recom-

mended at least monthly. Most HD centers in the Republic 

of Korea already perform those blood tests monthly. More-

over, the 2012 Kidney Disease: Improving Global Outcomes 

(KDIGO) CPG for anemia in CKD recommends that the he-

moglobin (Hb) concentration be measured at least month-

ly in patients with CKD stage 5D [171]. In this guideline, 

our recommendations reflect and apply those guidelines to 

Korean patients on MHD. 

Because the KDIGO 2017 CPG update for CKD-mineral 

bone disorder deems it reasonable to monitor PTH every 

3–6 months in patients with CKD stage 5D [172,173], we 

recommended monitoring PTH at least every 3 months. 

Because other guidelines, including the KDIGO guideline, 

suggest screening patients on dialysis for hepatitis virus 

infection every 6 months [174–176], we accept that recom-

mendation as an expert agreement in this guideline. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 7.1.) 
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■ Recommended considerations 
1) Benefits and harms 
In patients on MHD, routine examinations according to 

the above recommendations carry no risks compared with 

their delayed administration. However, it is necessary to 

consider the cost of the testing, medical devices, and pro-

viders. For patients with residual renal function, residual 

renal function and process tests should also be consid-

ered.  

2) Patient values and preferences 
Laboratory tests are generally performed monthly in dialy-

sis units for patients on MHD, and the test for dialysis ade-

quacy is uncomplicated. For the other tests recommended 

above, we expect little difficulty if physicians adequately 

explain why tests for PTH, chest radiographs, and electro-

cardiograms are needed. 

3) Obstacles, facilitating factors, and measures 
Although the testing and cost could be obstacles, they can 

be overcome by convincing patients that the tests are a 

necessary process to optimize their prescription and im-

prove their survival. 

4) Resources 
Laboratory tests are already performed in most dialysis 

centers, and modifying dialysis prescriptions based on the 

results of laboratory testing leads to better survival and 

quality of life in patients on MHD. 

■ Other considerations 

Table 4. Recommendations for test items and intervals in pa-
tients on MHD
Test items Intervals

• Complete blood test (Hb, platelets) At least monthly

• Liver function test (total protein, albumin)

• Blood chemistry (BUN/Cr, Na/K, Ca/P, 
uric acid, glucose)

• Dialysis adequacy At least every 3 months

• Iron status (ferritin, Fe/total iron binding 
capacity)

• PTH

• Glycated Hb (HbA1C, in patients with 
diabetes)

• Chest radiograph

• Hepatitis virus test (hepatitis C virus, 
antihepatitis C virus)

At least every 6 months

• Electrocardiography

Chapter 8. Nonstandard settings of hemodialysis 
(elderly, children) 

Key question 8.1. 

In elderly patients with ESKD, does dialysis initiation affect 

the survival rate compared with conservative treatment? 
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Recommendation 
1. We suggest that preparation for appropriate renal replace-

ment therapy be considered for elderly patients who prog-
ress to ESKD. 
Recommendation grade: conditional recommendation (B) 
Level of evidence: moderate 

2. We consider it reasonable that in elderly patients with ESKD, 
the optimal treatment should find an individualized balance 
between appropriate renal replacement therapy and conser-
vative treatment. 
Recommendation grade: expert consensus 

■ Summary of evidence 
With advances in renal replacement therapy, the overall 

survival rate of patients with ESKD is improving, but it is 

not yet clear whether the implementation of renal replace-

ment therapy, compared with conservative treatment, 

has any survival benefit in elderly patients. Randomized 

controlled studies to answer that question could not be 

performed ethically. Comparing any dialysis group with 

any conservative treatment group would raise difficult is-

sues in interpreting the selection bias for elderly patients 

placed in the relatively healthy group, the lead-time bias 

of the patients receiving dialysis, and the lack of reference 

studies of patients receiving conservative treatment. A 

meta-analysis of 89 observational studies on elderly pa-

tients with ESKD from 1976 to 2014, including a total of 

294,921 patients, reported 1-year survival rates of 77.9% 

in the HD group and 70.6% in the conservative treatment 

group. Although that report suggested the possibility that 

HD offered a survival benefit [177], it was insufficient to 

judge the role of conservative treatment because only 724 

of the patients (0.2%) were included in the conservative 

treatment group. In a meta-analysis in 2017, the dialysis 

group showed a better survival rate than the conservative 

treatment group (HR, 0.53; 95% CI, 0.30–0.91; p = 0.02), but 

there was significant heterogeneity among studies [178]. 

Most of the studies from before 2010 included in the me-

ta-analyses were small and retrospective [179–181], and 

one small prospective study did not distinguish HD from 

peritoneal dialysis [182]. 

In prospective observational studies of elderly patients 

since 2015, dialysis treatment showed benefits over con-

servative treatment in the entire patient group [183–185], 

although comorbidities increased [183] and the benefit 

was not significant in patients older than 85 years [184] or 

80 years [185]. In retrospective studies, the benefit of di-

alysis was greater than that of conservative treatment, but 

setting an appropriate control group would be important 

[186–188]. A Canadian study of reimbursement data using 

propensity score matching showed a benefit of dialysis in 

the first 3 years (HR, 0.59; 95% CI, 0.46–0.77; p < 0.001), but 

no difference between dialysis and conservative treatment 

after that [188]. For this practice guideline, we conducted 

a meta-analysis of 11 studies to synthesize evidence from 

the above studies, in which the mean age of elderly pa-

tients in the dialysis group was 76.0 ± 5.3 years. The result 

of our meta-analysis showed that dialysis was more bene-

ficial than conservative treatment in elderly patients (HR, 

0.42; 95% CI, 0.37–0.47; p < 0.001). As the evidence for sur-

vival gains from dialysis treatment is being strengthened 

[189,190], preparations for appropriate renal replacement 

therapy are needed when elderly patients progress to 

ESKD. 

(Supplement 3 | Review questions–PICO format—Key ques-

tion 8.1.)
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■ Recommended considerations 
1) Benefits and harms 
Combining the evidence to date with the results of recent 

studies suggests that elderly patients with ESKD receive a 

survival benefit from dialysis treatment. However, some 

studies have reported longer hospital stays in the dialysis 

treatment group than the conservative treatment group. In 

one study, the dialysis treatment group survived for an ad-

ditional 2 years, but 47.5% of that survival period was spent 

at the hospital, whereas the conservative treatment group 

spent 4.3% of the survival period at the hospital [182]. This 

trend was also found in a Canadian study of claims data in 

2020; the dialysis treatment group spent 36.25 person-years 

in the hospital, whereas the conservative treatment group 
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spent only 14.65 person-years in the hospital [190]. Further 

research is needed on the possibility of potential harms, 

such as prolonged hospitalization periods, decreases in 

quality of life, and increased medical expenses. 

2) Patient values and preferences 
Most elderly people are being cared for by family members 

or acquaintances, and caregivers are essential in renal 

replacement therapy for patients with ESKD who have 

physical, mental, or cognitive difficulties. Attempts should 

be made to determine whether to start renal replacement 

therapy by reflecting patient values and preferences as 

well as those of close family members or caregivers, espe-

cially with elderly patients. Leaving aside one study that 

did not distinguish between types of dialysis [188] and an-

other study that considered only HD [187], HD accounted 

for 70%–80% of dialysis treatments studied [183–186]. In 

2015, Han et al. [191] examined claims data and reported 

that HD had a more favorable prognosis than peritoneal 

dialysis as renal replacement therapy for elderly patients 

(HR, 1.20; 95% CI, 1.13–1.28). The decision about whether 

to apply replacement therapy should be made with family 

members and caregivers, rather than deciding based on 

age alone, and the type and extent of comorbid injuries, 

such as cognitive impairment and cerebrovascular dis-

ease, should also be considered during the shared deci-

sion making. 

3) Obstacles, facilitating factors, and measures 
When the decision is made to administer conservative 

treatment without dialysis, guidelines are needed for pro-

viding the best conservative treatment for these patients. 

4) Resources 
Compared with conservative treatment, research on the 

rise of medical costs and quality of life of caregivers for 

elderly patients receiving dialysis treatment is lacking, so 

further studies on social costs are needed. 

■ Other considerations 
Because the definition of elderly patients varied in the 

studies used in our synthesis of evidence for this recom-

mendation, care should be taken when applying it to pa-

tients. 

Key question 8.2. 

What is the appropriate nurse-to-patient ratio in pediatric 

HD? 

Recommendation 
1. For HD of children younger than 5 years old, we consider it 

reasonable that the minimal nurse-to-patient ratio be 1:1. 
Recommendation grade: expert consensus 

2. For HD of older children, we consider it reasonable that the 
minimal nurse-to-patient ratio be 1:2. 
Recommendation grade: expert consensus 

■ Summary of evidence 
Dialysis of infants and children requires exceptional skill 

and expertise. Pediatric HD requires devices appropriate 

for the patient’s body size, neonatal or pediatric dosages of 

medications, proper management of vascular access prob-

lems, and meticulous monitoring of volume status and vital 

signs. Infants and young children undergoing HD are very 

sensitive to small changes in body water volume or blood 

pressure because their effective blood volume is smaller 

than that of adults [192]. Because children might not recog-

nize or verbally express the symptoms of side effects of HD, 

vital signs should be measured more frequently, and pe-

diatric patients need to be monitored more carefully than 

adults during HD. For safe HD of children, more frequent 

clinical assessment is necessary [193]. Therefore, HD for 

children often requires a nurse-to-patient ratio of 1:1 [194]. 

Although no CPG has been released [195], a survey of clin-

ical practice in the United Kingdom reported that the usual 

nurse-to-patient ratio was 1:1 for HD of children younger 

than 5 years old and 1:2–1:3 for older children at most 

centers [196]. For HD of young children or patients with 

significant neurocognitive disability, a nurse-to-patient 

ratio of 1:1 is required. An infant might need the care of two 

nurses. HD requiring isolation also requires the allocation 

of one nurse per patient. For children who can communi-

cate or adolescents whose development is normal, a nurse-

to-patient ratio of 1:2 might be safe. For pediatric dialysis, 

there should be at least two registered nurses on duty, and 

the nurse-to-patient ratio should be 1:2 or higher [197].  

(Supplement 3 | Review questions–PICO format—Key ques-

tion 8.2.)
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(Supplement 4 | Search strategies—Key question 8.2.)

(Supplement 5 | Study selection flow diagrams—Key question 

8.2.)

(Supplement 6 | Summary evidence tables—Key question 8.2.)

■ Recommended considerations 
1) Benefits and harms 
According to a study of adult patients, the side effects of HD 

and short-term mortality decreased when the nurse-to-pa-

tient ratio increased [198]. Considering that pediatric HD 

requires more nursing, benefits are expected, and harm is 

not expected. 

2) Patient values and preferences 
Pediatric dialysis needs to take into account the growth 

and development of the patient, and the family, including 

siblings, needs support. Therefore, a higher nurse-to-pa-

tient ratio is in line with patient values and preferences. 

3) Obstacles, facilitating factors, and measures 
Because the predefined medical fee for pediatric HD is the 

same as for adults in the Republic of Korea, the cost can 

be an obstacle to having a higher nurse-to-patient ratio for 

pediatric HD. Therefore, to ensure safe HD for children, a 

separate medical fee system for pediatric HD is required. 

4) Resources 
Not applicable. 
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