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RELATIVE EASE OF HD AND BODY WEIGHT 

Coulthard, Pediatr Nephrol 2001 

Small child: 
< 2 years 
< 10 kg 
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CAUSES OF ESRD IN SMALL CHILDREN 

Neonates All < 2yrs HD < 2 yrs 

N pts (n studies) 457 (2) 798 (4) 69 (5) 

CAKUT/dysplasia 55.8% 48.6% 42% 

CNS 3.9% 11.3% 18.8% 

Cystic disease 12.7% 7.1% 2.9% 

Cortical necrosis 6.6% 1.5% 4.3% 

Oxalosis 0.4% 0.2% 8.7% 

Others 20.6% 31.2% 23.2% 



PERCENTAGE OF INCIDENT DIALYSIS 
PATIENTS TREATED WITH PD  

(NAPRTCS data) 

Leonard, Kidney Int 2003 



TREATMENT DISTRIBUTION OF NEONATES 
WITH ESRD OVER TIME  

(264 pts) 

Van Stralen, Kidney Int 2014 



PERCENTAGE OF CHILDREN WITH 
ESRD TREATED WITH HD  

N studies % on HD 

Small children 9 3-14 % 

Neonates 2 2.1-8.7 % 



ADVANTAGES OF PD IN SMALL CHILDREN 

 Technically easier than HD 

 No problems of vascular access 

 Preservation of vascular access for future use  

 No blood loss 

 Can preserve RRF better than HD 
 

 

 

Zurowska, Pediatr Nephrol 2013 



INDICATIONS TO HD IN SMALL CHILDREN 

 

 Primary oxalosis 

 Anatomical contraindications to PD: 

 omphalocele, gastroschisis, diaphragmatic hernia, 
obliterated peritoneal cavity, bladder exstrophy 

 Psychosocial contraindications to PD 

 PD failure 

 

 

Zurowska, Pediatr Nephrol 2013 
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TECHNICAL DETAILS OF HD 

 Dialyzer 

 Blood Lines 

 Priming 

 Anticoagulation 

 Qb 

 Ultrafiltration 

 HD schedule  
   

 Vascular access 

 HD session 



VASCULAR ACCESS IN SMALL CHILDREN 

ARTERIOVENOUS FISTULA 

 only in selected centers with specialized 
vascular surgeons 

 

CVC 

 Uncuffed vs cuffed CVC 

 Single-lumen vs double lumen 

 



UNCUFFED VS CUFFED CVC 

Italian Pediatric Dialysis Registry (21 pts < 2 yrs) 
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Cuffed CVC: 348 (4-3236) days 

Uncuffed CVC: 26 (2-244) days 

p<0.005 



SINGLE-LUMEN VS DOUBLE LUMEN CVC 

 Blood flow ∝ r4 

  If SL, CVC can sample blood for half the time 


   If DL, r will be half that of a SL 

 Halving r Ÿ reduce Qb 16-fold 

 

8-fold reduction of Qb with DL cannula compared to SL 

 

Coulthard, Pediatr Nephrol 2001 

 

 

SN Kt/V double pump >> single pump 
but 

larger extracorporeal volume 



TUNNELED CVC IN SMALL CHILDREN: 
OPTIONS 

8 Fr  
18 or 24 cm 
Dual lumen 
Cuffed CVC 
(Medcomp) 

6.5 F 
12 or 15 cm 
Single lumen 
Tesio CVC 
(Medcomp) 



CVC MANAGEMENT 

 Chlorexidine 0.5/2 % for exit-site and hub care 

 

 Lock-solution: heparin 1000 U/ml 

 

Risk of systemic anticoagulation 
If heparin 5000 U/ml -> 0.1 ml = 500 U 
If heparin 1000 U/ml -> 0.1 ml = 100 U 



TECHNICAL DETAILS OF HD 

 Dialyzer 

 Blood Lines 

 Priming 

 Anticoagulation 

 Qb 

 Ultrafiltration 

 HD schedule  
   

 Vascular access 

 HD session 



DIALYZERS 

Risk of backfiltration with high-flux dialyzers 

Gambro 

Polyflux 2H 

Fresenius 

FX Paed 

Bellco 

BLS 803 

Surface area (mq) 0.2 0.2 0.3 

Blood volume (ml) 17 18 32 

Urea clearance  

(Qb 100-Qd 500) 

76 76 82 (Qb 200) 

UF coeff 

(ml/h/mmHg) 

15 7 16 



BLOOD LINES 

GAMBRO AK200 Ultra 

 neonatal*  33 ml 

 pediatric  85 ml 

 SN    132 ml 

 

Fresenius 5008 

 pediatric  108 ml 

 SN    142 ml 

 

*Neonatal lines   Qb max 50-60 ml/min  



TOTAL EXTRACORPOREAL BLOOD VOLUME 

CVC            ~ 2 ml 

Dialyzer          18 ml 

Tubing           33 ml 

Total     53 ml 

 Extracorporeal BV no more than 10% of patient blood volume 
  Patient total blood volume: 80 ml/kg BW 
 
 
 
 Safe extracorporeal BV < 8 ml/kg BW  
 Impossible for babies < 6.5 kg  

Adequate Hb is critical 



PRIMING 

 RBC (Ht 40%) 

First dialysis in very small children 

Risks: ŷ viscosity, K load (20 mEq/L), sensitization 

 

 Albumin 5-20% 

 

 Normal Saline 

 

At the end of HD:  
High extracorporeal volume     high volume of returned fluid 
IMPORTANT: slow re-infusion, air return (!) 



ANTICOAGULATION 

 Heparin load: 10-20 U/Kg 

 Continuous infusion: 10-30 U/kg/h 

 ACT 150-200 sec 

If heparinized saline used for priming, it 
contains heparin: 
 
Example: 
 
Hep concentration   5000 U/l 
Extracorporeal volume  51 ml  
 
Heparin      ~250 U 
 
 



BLOOD FLOW (Qb) 

Qb (ml/min) 

 

           (BW + 10) x 2.5 ml/min 

 

           3-7  ml/kg/min 

 

Fischbach, Pediatr Nephrol 2005 



ULTRAFILTRATION 

DW assessment 

 Blood volume monitoring 

 Bioimpedance analysis 

Crit-Line III 

Safe maximal UF rate 

 0.2 ml/kg/min = 12 ml/kg/h 

 5% BW/session 



HD SCHEDULE 

 Duration 

 Number of sessions/week 

(usually 4-6/week) 

 

Daily HD is the best 

UF need 
Metabolic control 

Primary disease 

Growth 

Leonard, Kidney Int 2003 
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ANEMIA IN SMALL CHILDREN ON HD 

N Pts needing transfusions (%) 

Quinlan 5/9 (56%) 

Shroff 15/18 (83%) 

Kowalski 8/11 (73%) 

Al-Hermi 9/10 (90%) 

Total 37/48 (77%) 



AMOUNT OF BLOOD TRANSFUSED IN 
SMALL CHILDREN ON CHRONIC HD 

(ml/kg/mo) 

Age at start HD Months on HD 

0-3  6  12 

< 12 mo 25±17 6±5 2±2 

12-36 mo 7.4±5.7 2.2±3.0 1.6±2.2 

Feinstein, NDT 2008 



BLOOD LOSS IN 8 INFANTS ON HD 

Feinstein, NDT 2008 

 Adequate anticoagulation 
  Avoid unnecessary blood samples 



TREATMENT AND PREVENTION OF ANEMIA  

 rhEPO > 300 U/kg/week i.v. 

  Iron 1-4 mg/kg/week i.v. (-> ferritin>200 ng/ml)  

Weekly EPO dose (U/kg/week) 

Quinlan 100-550 

Shroff 100-300 

Kowalski 330-800 

Feinstein 

- starting dose 

- maximal dose 

 

147-366 

340-1252 



GROWTH IN SMALL CHILDREN ON HD 
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DIETARY RECOMMENDATION 

Nutritional needs not satisfied 

Growth failure 
Dietary supplements 
Enteral feeding 

NKF K/DOQI Guidelines, Am J Kid Dis 2009 

Age  

(mo) 

Protein 

(g/kg/day) 

Calorie  

(% EER) 

0-6 1.6 100% 

6-12 1.3 100% 

12-36 1.15 100% 



LONG TERM OUTCOME 

N Pts  Mortality (%) Successful rTx (%) 

Quinlan 9 0 4/9 (44%) 

Shroff 18 4/18 (22%) 13/18 (72%) 

Kowalski 11 2/11 (18.2%) 8/11(73%) 

Al-Hermi 10  3/10 (30%) 4/10 (40%) 

Italian 

registry 
21 3/21 (14.3%) 13/21 (62%) 

TOTAL 69 12/69 (17.4%) 42/69 (61%) 

Main problems in the long-term: 
 Central vein thrombosis 
 HLA sensitization 



TAKE HOME MESSAGES 

 Hemodialysis is feasible and safe even in 
small children, but some technical 
problems should be tackled 

 

 Vascular access is a critical factor, both 
in the short- and long-term 

 

 Anemia and poor growth remain common 
problems 

 



THE SECRET FOR A SUCCESSFUL 
MANAGEMENT OF SMALL CHILDREN ON HD 

Pediatric 
nephrologists 

Pediatric 
renal nurses 

Dieticians 

Anesthesiologists 

Psychologists 

Social workers 

Physiotherapists 

Geneticists 




