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Introduction

OPTIMAL LONG-TERM OUTCOMES

DAILY HD MANAGEMENT 

Quality of life 
Minimal burden

Education

Adequate 
correction of 
uremic milieu 
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Rule 1: start slow to prevent Dialysis Disequilibrium syndrome

Prevention: avoidance of rapid fluid/osmotic shifts
- Blood flow ≤ 3 ml/kg/min body weight (90 ml/m²)
- First session max. 2 hours 
- Low UF goals to start
- Others: smaller dialyzer, lower dialysate flow  
- Decrease osmotic shifts using i.e. mannitol  

Rare neurological complication, most commonly 
affecting patients during HD initiation  

Cerebral edema due to intracerebral shifts, 
diagnosis is challenging (aspecific symptoms) 

Raina et al, 2021 Ped Nephrol



Rule 2: Be around, and keep an eye in following sessions

Revise medication list  

Minimize anxiety and stress

Assess vascular access

Assess anticoagulation strategy

Assess vitals, symptoms and tolerability 

Assess volume management 

Follow-up labs  
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How is adequate hemodialysis defined?   

Rees, L. (2019), Ped Nephrol, 34:61-69

Lack of hard evidence to support Kt/V

Invalidity in children



PLASMATIC 
COMPARTMENT

SOLUTE TRANSPORT 
IN THE PATIENT

How is adequate hemodialysis defined? – a “solute” perspective

Generation (G) 

Renal (Krenal) 

Dialyzer (Kdialyer) 

Inter-
compartmental
clearance (K12)

OTHER DEEPER 
TISSUES

BLOOD CELLS, ALBUMIN

Eloot et al., Seminars in Dialysis, 2012

SOLUTE TRANSPORT 
IN THE DIALYZER

Blood flow 
Membrane
Dialysate flow 

Clearance & 
extraction ratio

Kinetics
Total solute
removal (mass)



Eloot et al., PLOS one, 2016

= slow transport into the plasma

. β2M

How is adequate hemodialysis defined? – a “solute” perspective



How is adequate 
hemodialysis defined?   
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Monitoring nutritional intake, growth hormone therapy, correct acidosis 

CARDIOVASCULAR CONTROL
Normotension, euvolemia, no LVH, avoid IDH, preserve residual kidney function

CKD-MBD & ELECTROLYTES 
Normal P & Ca with adequate PTH, no acidosis and normal serum potassium

HEMATOLOGICAL CONTROL 
Iron/vitB12/folic acid and EPO, antico strategy without bleeding/clothing

GOOD LONG-LASTING ACCESS
Fistula first, access complications, obtained blood flows

SYMPTOMS, PSYCHOSOCIAL & EDUCATION
Rees, L. (2019), Ped Nephrol, 34:61-69



Adequate nutrition & growth are closely related to outcome
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NUTRITION AND GROWTH
Energy and protein requirements for children with CKD, Pediatric Renal Nutrition Taskforce, Shaw et al. 2020 Ped Nephrol

Rees, L. & Mak, R. H. Nat. Rev. Nephrol. 7, 615–623 (2011)

The dietary management of calcium and phosphate in children with CKD, McAlister et al., Ped Neph, 2020



Multiple factors contribute to growth failure/PEW
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NUTRITION AND GROWTH
Rees, L. & Mak, R. H. Nat. Rev. Nephrol. 7, 615–623 (2011)



Growth is the best marker of dialysis adequacy
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NUTRITION AND GROWTH

Fischbach et al., 2009 

Optimize nutrition, consider GH therapy

Correct Ca/P/PTH & metabolic acidosis 

Optimize blood flows (access!)

Optimize dialyzer (high-flux/HDF), dialysate flow

Optimize dialysis TIME  

Clinical practice recommendations for growth hormone treatment in children with chronic kidney disease, Drube et al. 2019
Vascular access in children requiring maintenance hemodialysis, Shroff et al., NDT, 2019

Clinical practice recommendations for treatment with active vitamin D analogues in children with CKD, Shroff et al., NDT, 2017
Clinical practice recommendations for native vitamin D therapy in children with CKD, Shroff et al., NDT, 2017CKD-MBD & ELECTROLYTES 



Optimize cardiovascular disease management 

Most important cause of death in pediatric dialysis

Foley et al, Am J Kidney Dis 1998;32:S112-19, Mitsnefes, J Am Soc Nephrol 23: 578–585, 2012
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CARDIOVASCULAR CONTROL

Adequate volume management that results in 
normal blood pressure with no/minimal 
antihypertensive agents and no LVH

Optimize Ca/P/PTH

Avoiding intra-dialytic hypotension (IDH)



Adequate volume management
Dry weight assessment is moving target that needs frequent reassessment

Ad
eq

ua
te

 h
em

od
ia

ly
si

s

CARDIOVASCULAR CONTROL

Adherence dietary salt restriction!

Avoid high ultrafiltration rates

Dasgupta et al., 2019; cJASN

ABPM, orthostatic blood pressure

Bioelectric impedance (body composition 
monitoring, BCM) 

Relative blood volume monitoring  



Intra-dialytic hypotension (IDH)  

= Intradialytic systolic blood pressure <5th percentile for age, and/or symptoms triggering
- fluid bolus administration or
- cessation of ultrafiltration

Acute symptoms

RKF decline

Myocardial stunning

Reduced solute clearance

Cerebral hypoperfusion

Fluid overload

Flythe et al. JASN 2015
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CARDIOVASCULAR CONTROL



Intra-dialytic hypotension (IDH)  
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CARDIOVASCULAR CONTROL

IDH events from 16,5% to 8,9%

Antihypertensive use (22,1% to 14,8%)
Changing the culture & policy on fluid management 
have significant benefits for the patients

Multidisciplinary approach

Education of the team

Embedded in electronic health records

Snauwaert and Wagner, et al. 2021; Ped Neph
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Complications
INTRADIALYTIC HYPOTENSION

Saline 5mL/kg + UF stop 

Assessment volume management!

DISEQUILIBRIUM

Mannitol

HEMOLYSIS

STOP dialysis without return of blood

check serum K

AIR EMBOLISM

Clamp off source of air if possible

Lie patient on the left, head and chest down

100% oxygen

ANAPHYLAXIS

STOP dialysis without return of blood

Epinephrine IM ± Hydrocortisone

Prevention!
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Multiple factors influence health of children & adolescents 

Luyckx et al. 2021; Nature Reviews; /doi.org/10.1038/ s41581-020-00363-6 

Healthy & educated parents have 
healthier children

Poverty has a significant impact on 
health

Particular vulnearable to the negative 
effects of social determinants

Dialysis significantly impact children’s 
rights of good education, recreational 
time to thrive



It takes a village to raise a child on chronic dialysis 

DIETICIAN

PEDIATRIC 
NEPHROLOGIST

NURSES

TEACHER, PLAY THERAPIST PSYCHOLOGIST

SOCIAL WORKER

VASCULAR SURGEON, 
UROLOGIST, NEPHROLOGIST 

CHILD
SIBLINGS
PARENTS

CAREGIVERS
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Take-home message

Starts slow & be around when initiating hemodialysis

Consider patient-relevant clinical outcomes to define “adequate 
hemodialysis”. In pediatrics, growth is probably the best marker of 
dialysis adequacy. 

Do not forget “The story of slow-moving solutes in fast 
hemodialysis”

Continuous (multidisciplinary) reassessment is key 

It takes a multidisciplinary team to raise a child on chronic dialysis 
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