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Prélèvements de CSH chez l’enfant  1991-2025 : Historique

1990 Premiersprélèvementsde cellules CSHpar cytaphérèsechezl’enfanten HDJ
d’hémato-onco-pédiatrie: 1 lit + 1 COBESpectra

1991 Créationd’unSecteurde CytaphérèsePédiatrique. Prélèvementsdes CSHchez
l’enfantdepetits poids. Lerecrutementest régionalet extrarégional.

1993 Création de l’Unitéde Thérapie Cellulaire : prélèvements,transformations et
conservationdescellules.

1996 Photochimiothérapieextracorporelle(PCE)

2004 CertificationISO9001
2006 AccréditationJACIE

2010 Nouveauxlocauxpourl’aphérèseet la thérapiecellulaire

2011 Cryo–PCE

2011 ArrivéedesOptia
2016 Nouveauxlocauxpourl’aphérèse
2021 Prélèvementde CMNpour lesCARchezl’enfantde petit poids

F. Deméocq

R. Eglizot



1000séancesŘΩŀǇƘŞǊŝǎŜcellulaires/ an

→CSHAutoet allo
→CAR-Tet DLI
→PCE
ÅGvH
ÅSezary
Åpathologiesdermato
ÅRejets: rénaux,pulmonaires,cardiaques
ÅAutrespathologiesauto et alloimmunes.

Prélèvements de CSH chez l’enfant  1991-2025 : Historique
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Aphérèses CSH pédiatriques au fil du temps 

1068 CSH pédiatriques dont:
→орс Җ мр ƪƎ
→ 83 ≤ 10 kg
→ 30 ≤   8 kg

Aphérèses :1068
Patients : 484
Poids : 19 kg (5.8 –99) (26 pts > 60 kg)
Age: 5.7 ans (0.4 –20) ans (13 pts > 18 ans)

Prélèvements de CSH chez l’enfant  1991-2025 : Historique



LaskyLC , Fox SB, Smith J & BostromB . Collection and use of peripheral blood 

stem cells in very small children.  Bone Marrow Transplant 1991Apr;7(4):281-4.

Kid : 8.3 kg with neuroblastoma 

Blood cell separator : Fenwal CS3000

Prime : 250 ml RBC + 100 ml PFC + 100 ml 5% albumin 

Heparin (1500 units/h) + ACD rate (1:25-1:32) 

A total of 6.4 x 108 mononuclear cells/kg collected in six
procedures

Prélèvements de CSH chez l’enfant  1991-2025 : Historique
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33,3% de  < 15 kg 

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025

Angers
Dijon
Lille
Limoges
Lyon
Montpellier
Paris Trousseau
Potiers
Rennes
Rouen
St Etienne
Toulouse

Aphérèses : 356
Patients : 182
Poids :  12 kg (5.8 –15)
Age:  2,5 ans (0.4 –7)



Prélèvements de CSH chez l’enfant  1991-2025 : Environnement

Environnement pédiatrique :

­Unité d’aphérèse crée et dirigé par les pédiatres

­Tous les médecins d’aphérèse sont les pédiatres

­Toutes les infirmières d’aphérèse ont au moins 10 ans d’expérience dans 
le service d’hémato-onco-pédiatrie 

­Stabilité d’équipe médicale et paramédicale, pyramide d'âge garantissant 
la continuité d’expertise (formation longue !!!) 

­Unité de lieu avec le secteur de greffe pédiatrique

­Toutes les spécialités pédiatriques: la Réa pédiatrique, l’imagerie, etc. …  
disponible 24/7/365 dans le même bâtiment

­Un plateau complet de thérapie cellulaire :  secteur de transformation -
Centre de Biothérapie d’Auvergne, communs pour enfant et adulte.
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Prélèvements de CSH chez l’enfant  1991-2025 : Indications

Neuroblastomes
Tumeurs cérébrales 
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En pratique : G-CSF 12µg/kg x 2 par jour 

Samedi:       8h et 20h à domicile 
Dimanche:  8h              à domicile

20h  à l’hôpital (adaptation dose)   

Lundi : début collecte
Mardi
Mercredi
Jeudi
Vendredi 

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Mobilisation



Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Mobilisation 

Mozobil seul:  



→historique et environnement 

→indications

→mobilisation

→voies d’abord

→amorçage/transfusion

→collecte

→support

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Voies d’abord 



Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Voies d’abord   
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vp A vp R vp A/R

Chambre implantable :
A = 4/356
R = 21/356

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Voies d’abord  



L’échographe portable: 
Å Evite le recours à la pose de cathéter centraux invasifs 
Å Diminue le temps de ponction 
Å Augmente le pourcentage de réussite 
Å Permet de ponctionner des veines «impiquables». 
Å Diminue le stress des patients et augmente leur confort. 
Å Permet de proposer l’aphérèse thérapeutique au plus grand nombre de patients 

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Voies d’abord  

Les cathéters IV écho-guidés constituent une alternative aux cathéters veineux centraux chez 85% des patients.



ÅL’expertise de l’IDE permet d’adapter les aiguilles ou cathéters aux veines de l’enfant.

ÅPrivilégier les voies existantes. 

ÅToujours évaluer les voies périphériques avant de poser un KT central.

ÅChoisir un abord veineux permettant un débit suffisant.

ÅUtiliser petits moyens évitant à enfant déperdition calorique pour favoriser vasodilatation.

ÅNe pas hésiter à passer la main.

ÅPrévoir une fixation efficace mais minimale et confortable.

ÅL’enfant coopératif favorise la réussite => pas de précipitation.

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Voies d’abord   



Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025: Amorçage/transfusion

→historique et environnement 

→indications

→mobilisation

→voies d’abord

→amorçage/transfusion

→collecte

→support



Evolution d’amorçage: 
< 25 kg
< 15 kg
En fonction de la masse sanguine
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Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025: Amorçage/transfusion

Priming should be performed when the separatorôs extracorporeal volume exceeds 50% of the 

patientôs blood volume. In other cases, the decision to prime should be made on a case-by-case basis, 

taking into account the childôs general condition and the anticipated duration of the procedure.

Kanold J. Merlin E, Transfusion 2007
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Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025: Collecte

TABLE 1 Patientsô characteristics and process data for leukapheresis in children weighing ¢ 15 kg (n = 365) and ¢ 8 kg (n=30) 

  
Age  

(yrs)  

Body  
weight 

(kg) 

Blood 
volume 

(ml) 

Venous 

access 

Hb (g/dl) 

before LP 

Ht (%) 

before LP 

Blood 

priming 

Blood / 
ACD 

ratio 

Nb of pt's 
blood volumes 

processed/LP 

Volume 
collected 

(mL/kg) 

Collection 
time 

(min) 

CD34+cells 

collected / 1 ptôBV 

processed 

¢ 8 kg  n=30 

0.8 7.5 536 vp A     = 26.6% 

vp R     = 26.6% 
vp A/R = 16.6% 

13.2 35.5 
77% 

11.0 2.5 12.4 133 2.5 

0.4-1.3 5.8-8.0 400-591 9.1-14.8 24.6-43.2 10-13.1 1.0-4.1 4.1-43.1 70-241 0.02-19.6 

              

¢ 15 kg  n = 356 

2.5 12 980 vp A     = 38.7% 

vp R     = 34.5% 

vp A/R = 10.9% 

12.7 34.0 
39% 

11.2 2.1 10.4 152 2.0 

0.4-7.0 5.8-15 400-1588 7.5-16.6 22.9-49.2 9.5-15.3 0.4-6.0 1.3-43.1 39-315 0.02-30 

              

Optia fin 2011              

¢ 15 kg n = 66  
2.3 12 840 vp A     = 62.1% 

vp R     = 36.3% 

vp A/R = 34.8% 

13.4 37.8 
18% 

11.3 2.2 7.5 167 2.34 

0.4-6.6 6.6-15 470-1200 9.9-16.2 28-47 9.4-15.3 0.8-3.9 1.3-18.7 71-241 0.04-20.5 

 

 



Pas de corrélation établie entre le nb de CD34+ ou le nb de WBC dans le sang 
et le rendements d’aphérèse (CD34+) ni pour CCMN ni pour CMN

wŜƴŘŜƳŜƴǘǎ ŘΩŀǇƘŞǊŝǎŜ ό҈ /5опҌύ ǇƻǳǊ ƭŜǎ Җ мр ƪƎ 

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025: Collecte
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Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Aphérèses pour les CAR

Patientsô characteristics and process data for CAR-T collections in children weighing ¢ 15 kg 
 

Age 

(yrs) 

Body 
weight 

(kg) 

Blood 
volume 

(ml) 

Venous 

access 

Hb 

(g/dl) 
Ht (%) 

CD3+ cells 

109/L 
Blood 

priming 
Optia 

Nb of pt's 
blood volumes 

processed/LP 

Volume 
collected 

(mL/kg) 

Collection 
time 

(min) 

CD3+cells 

collected 

109 

Rendement 

CD3+ (%) 

Perte 

before LP plaquettes (%) Hb (g/dL) 

0.8 7,7 560 Femoral double 12.6 34 0.39 oui ccmn 4.1 21.6 172 0.8 83.5 95 -2.7 

0.8 7.7 560 Femoral double 13.8 39.5 0.59 oui ccmn 2.5 12.9 117 0.3 30.3 47 -0.9 

0.8 7.8 560 Femoral double 12.9 36.2 0.63 oui cmn 4.1 24.4 209 1.7 120.4 68 -1 

2.3 11 770 Femoral double 13.4 40.3 2.35 non ccmn 2.0 9.6 159 2.3 63.5 51 4.7 

 



3 pts : 6kg   8,6kg  9 kg
50 ml (8 ml/kg) of blood/cycle
Buffy coat 
Plasma and RBC reinfused to the patient 

3 to 13 cycles (60 min/cycle) performed in 1 to 3 days

18-32 CD34+ x 106/kg 

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : "Aphérèse" sans aphérèse 



Enfant AK 12 kg 

Prélèvement de 140 ml (12 ml/kg) de sang dans une poche de PMO (solution avec l’héparine) 
Compensation volumétrique (RBC+ sérum phy)
Durée 55 min 
Collecte CD34+  : 5,67 x 106/kg
Ht produit 26%
Pas de transformation
Congélation azote 

Décongélation : CD34+ viables  : 2,23 x 106/kg

Avant Après

CD34+ 479 x 106/L Rendement : 100% 
Hb 14.1 g/dL ­ 12.2 g/dL perte 1.9 g
Ht 40.5% ­ 34.2 %
WBC 76.9 x 109/L ­ 69.4 x 109/L
PLT 656 x 109/L ­ 619 x 109/L perte 5.6%

CD34+ > 400 x 106κ[ Υ о҈ ŘŜ Ǉǘǎ Җ мр ƪƎ 

Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : "Aphérèse" sans aphérèse 



Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025: Collecte

Le secret d’une collecte réussie ? 



Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025: Collecte

A collection team experienced in both paediatric care and 
apheresis is mandatory, 
with a “one-for-the-child, one-for-the-separator” approach 
for the smallest patients and a paediatrician available 
nearby.



Prélèvements de CSH chez l’enfant  1991-2025
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Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Le rôle de parents 



Prélèvements de CSH chez l’enfant  ≤ 15 kg 1991-2025 : Le rôle de parents 
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Photochimiothérapie extracorporelle  1996-2025 

Extracorporeal Photochemotherapy



3737J. Kanold  CRECHE INSERM CIC 1405, Clermont Ferrand

Collection des CMN Č Photosensibilisation (psoralène)Č Irradiation (UVA:2 J/cm2) ČRe-injection/«transfusion»

Extracorporeal Photochemotherapy

Photochimiothérapie extracorporelle  1996-2025 



3838

ÅThin (damaged) veins 

ÅSmall body weight and small whole blood volume  

ÅRelatively large extracorporeal volume of cell separators 

Ć

ÅMetabolic and hematologic problems

ÅPsychological tolerance 

Needs of a sophisticated training in (paediatric) apheresis

J. Kanold  CRECHE INSERM CIC 1405, Clermont Ferrand

Why ECP (in paediatric practice) is difficult?

CRYO-ECP
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CRYO-ECP 

Why ECP (in paediatric practice) is difficult?
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CRYO_ECP 
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Twenty yearsô experience of extracorporeal photopheresis in 
low body weight paediatric patients  

ABSTRACT 

In children, extracorporeal photopheresis (ECP) 

procedures are often a real challenge as many 

variables must be considered for safe management 

of paediatric apheresis. For small children, 

available information is even more anecdotal. We 

describe our experience of ECP treatment in 

children weighing up to 25 kg. From January 

1996 to December 2015 a total of 1245 ECP 

collections were performed in paediatric patients. 

Among these, 327 ECP collections concerned 

19 paediatric patients under 25 kg classified into 

three body weight groups for data analysis. Cells 

were collected using a COBEÈ Spectra or Spectra 

Optia separator. Venous access was chosen on 

a case-by-case basis. Over the years increasingly 

smaller patients were accepted with similarly 

smaller volumes collected. We found a significant 

difference concerning the choice of vascular 

access in the different groups and patients 

weighing less than 15 kg had the lowest rates 

of lymphocyte collection efficiency. No major 

adverse events were observed, including in 

children weighing less than 15 kg. Over a 20-year 

period, ECP has been a safe treatment even in 

small children, with good tolerance and very few 

adverse effects. However, its clinical use is 

 

sometimes limited by logistical issues such as 

venous access failure, poor medical condition, 

severe cytopenia, non-compliance, or long distance 

from collection centre. 

 

KEYWORDS: photopheresis, children, GvHD. 

 

ABBREVIATIONS  

8-MOP :  8-methoxypsoralen 

ACDA :  acid citrate dextrose solution A 

ASFA :  American Society for Apheresis  

BV :  blood volume 

CE :  collection efficiency 

CTCL :  cutaneous T-cell lymphoma 

ECP :  extracorporeal photopheresis 

ECV :  extracorporeal volume 

FDA :  Food and Drug Administration 

GvHD :  graft-versus-host disease 

Hb :  haemoglobin 

MNC :  mononuclear cells 

PBSC :  peripheral blood stem cells 

PLT :  platelet 

PV :  peripheral venous access 

RBC :  red blood cells 

SOPs :  standard operating procedure 

WBC :  white blood cells 

 

INTRODUCTION 

Extracorporeal photopheresis (ECP) consists of 

collecting mononuclear cells (MNC) by cytapheresis

  
 

1CHU Clermont-Ferrand, Service H®matologie Oncologie P®diatrique, H¹pital Estaing, F-63000 

Clermont-Ferrand, France; 
2
Universit® Clermont Auvergne, INSERM, CIC 1405, Unit® CRECHE,  

F-63000 Clermont-Ferrand, France; 
3
Universit® Clermont Auvergne, F-63000 Clermont-Ferrand, France; 

4CHU Clermont-Ferrand, Centre de Bioth®rapie dôAuvergne, F-63000 Clermont-Ferrand, France. 

 

Joris Bonnet1,2,3,4, Alexandre Armand1,2,3, Victoria Gr¯ze1,2,3,4, Emmanuelle Rochette1,2,  

Nad¯ge Rouel1,2, Pascale Halle4, Etienne Merlin2,3,4 and Justyna Kanold1,2,3,4,*  

*Corresponding author  

jkanold@chu-clermontferrand.fr 

 

T r e n d s  i n 
Photochemistry & 
Pho t ob i o l ogy

Trends in Photochemistry & Photobilogy 

< 2016

327 ECP collections concerned 19 paediatric patients under 25 kg 

                             

Photopheresis in the smallest children 
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Photopheresis in the smallest children 
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Photopheresis in the smallest children 

 Table 2. Patientsô characteristics and technical data of ECP collections in 19 children weighting up to 25 kg. Venous access 
Patientôs 

group ECP number Age (years) Body weight (kg) Ptôs BV (L) Blood lymphocytes before 
ECP (10 9/L) 

Out 
In 

< 15 kg 78 3.7 1.9-4.8 13.0 11.0-15.0 0.9 0.8-1.4 0.58 0.13-4.40 

D = 8 KT = 50 PV = 20 D = 3 KT = 17 PV = 58 

15 - 20 kg 84 5.2 4.1-9.6 19.0 15.5-20.0 1.3 1.1-1.8 0.82 0.19-3.69 

D = 37 KT = 7 PV = 37 D = 49 KT = 7 PV = 24 

> 20 kg 153 8.6 5.9-13.3 22.5 21.0-25.0 1.6 1.3-2.7 1.01 0.06-3.95 

P < 0.001 D = 7 KT = 68 VP = 70 D = 7 KT = 94 PV = 43 

Total 315 6.1 1.9-13.3 20.0 11.0-25.0 1.5 0.8-2.7 0.77 0.06-4.40 

 D = 52 KT = 125 PV = 127 D = 59 KT = 118 PV = 125 

 Table 2 continued.. 

Decrease of blood 
cell count after collection 

Number of patientôs 
BV processed Volume collected (mL/kg) Collection time (min) 

Lymphocytes collected 10 7/kg 

Lymphocytes 
collection efficiency (%) 

Hb (g/L) PLT (%) 

1.5 1.0-2.1

5.75 1.5-9.3 106 74-161 

1.6 0.1-21.1 

28.9 3.1-76.1 

17 6-46 

27.0 1.6-76.0 

1.4 0.5-3.1

3.5 1.8-10.6 105.5 68-209 

2.5 0.1-34.4 

34.5 1.0-86.6 

11 1-32 

24.0 1.7-79.0 

P < 0.001 2.0 0.6-4.0

P < 0.001 4.6 1.4-8.6 

P < 0.001 120 71-240 

P < 0.001 4.6 0.3-19.9 

P < 0.001 35.9 4.9-232.2 

P = 0.003 16 2-55 

P < 0.001 22.0 0.7-61.0 

 1.6 0.5-4.0

 4.5 1.4-10.6

 112 68-240 

 3 0.1-34.4 

 33.2 1.0-232.2 

 16 1-55 

 23.3 0.7-79.0 

ECP = extracorporeal photopheresis; D = dual-lumen central venous catheter; Hb = haemoglobin; KT = single lumen central venous catheter; BV = blood 

volume; PLT = platelet; PV = peripheral venous access. 
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CRYO ECP - results
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CRYO-ECP

CRYO ECP - results

 

DurŞ de la congŞlation (jours) 13 (3-119) 

CD3+ congelŞes (107/kg)   

      par aphŞrŝse 2.2 (0.1-28) 

      par fraction 2.3 (0.1-6.0) 

Nb de fractions congelŞes/aphŞrŝse 1 (1-5) 

CD3+ reinjectŞes (107/kg) 2.1 (0.2-6.1) 

 
 

 Patients CRYO ECP   

GvH 24* 266 NR 8/ 24 
Merlin 2012 
Pochon 2017 

Pulmonary rejection 3* 28 2/ 3 drugs-sparing effect  

Sezary 3 18 3/ 3 PR  

Renal rejection  1 4 ?  

Lichen planus 1 4 ?  

Juvenile dermatopolymyositis  1* 81 CR Merlin 2012 

Juvenile localized scleroderma 1*  52 CR Merlin 2012 

TOTAL  34 453   
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19 enfants*
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CRYO-ECPCRYO ECP - results
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What are the advantages of CRYO ECP ? 

Reducedthe numberof apheresiswhile maintainingthe rate of reinjections

- Improve treatment conditions                                             YES

-Expand ECP indications                                                          YES

-Treat patients in centersnot equipped for ECP                  NO

-Standardize cell product                                                          NO

J. Kanold  CRECHE INSERM CIC 1405, Clermont Ferrand

CRYO-ECP
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What are the limitations of CRYO ECP ? 

J. Kanold  CRECHE INSERM CIC 1405, Clermont Ferrand

CRYO- ECP

Règlementaires et administratives: 
ÅAutorisation ANSM / pathologie
ÅJACIE ?

Techniques et logistiques: 
ÅTemps labo: (congélations/lavages/décongélations) x N
ÅStockage des poches
ÅGHS aphérèse vsHDJ pour une réinjection simple et encore…….

Intellectuelles
ÅIndications : patient ? pathologie ? 
ÅCombien de cellules par fraction ? 
ÅCombien de fractions par aphérèse ?
ÅQuel délais de stockage max ? Réinjections de «vieux lymphocytes» ? 
ÅQuel test ? (PHA est compliqué sur les cellules décongelées) 
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How to set up future trials ?
CRYO-ECP
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ABSTRACT

Background: A significant challenge in extracorporeal photopheresis (ECP) in developing countries is the high cost of apheresis 

equipment. Additionally, obtaining proper IV access in pediatric patients is considerably more difficult than in adult patients. 

To address the limitations of applying ECP for pediatric patients, such as vein access difficulties, time constraints, and costs, the 

cryopreservation of mononuclear cells (MNCs) has been explored. Since cryopreservation reduces the need for repeated apher-

esis procedures, it offers potential convenience for pediatric patients and resource- limited settings, particularly in developing 

countries.

Study Design and M ethods: Twenty- four pediatric patients with steroid- resistant or steroid- dependent acute or chronic GvHD 

participated in this study. All patients underwent off l ine apheresis. The viability and proli feration rates of fresh and thawed 

MNCs were assessed using f low cytometry and the CFSE assay. The clinical response was also evaluated at various time points 

over 21 months for all patients.

Results: There were no significant differences in annexin/PI analysis (p =  0.39) and CFSE assay (p =  0.8) between fresh and 

thawed samples using f low cytometry. Response to ECP after nine months in aGvHD revealed favorable results, with a complete 

response in 12 patients (60%) and a partial response in 8 patients (40%), which remained stable until 12 months after ECP therapy. 

In cGvHD, complete and partial responses were the same and occurred in 7 patients (46.6%).

Conclusion: Cryopreserving MNCs for ECP in pediatric patients with steroid- resistant GvHD is a practical and effective method 

to overcome existing limitations. We propose that cryopreservation could be a more effective option than repeated apheresis for 

pediatric patients and in developing countries, as it reduces costs and eliminates the need for multiple apheresis sessions.

1   |   Introduction

Despite advancements in al logeneic hematopoietic stem cel l 

transplantation (Al lo- HSCT) protocols and management, 

complications such as infections and graft- versus- host dis-

ease (GvHD) have continued to pose signi ficant chal lenges 

[1ï5]. The primary goal in treating GvHD is to find a balance 

between effectively resolving the disease and minimizing 

É 2025 Wiley Periodicals LLC.

24 children : 8 years (range: 2ï16)

The CMNC OPTIA program 

150 × 106 WBC/kg for the cryopreservation bag.

9 months

aGvHD:

CR 12 patients (60%) 

PR 8 patients (40%)

cGvHD:

CR 7 patients (46.6%).

PR 7 patients (46.6%).



Programmer
Préparer
Patienter

Pédiatrie (environnement)
Puéricultrices
Pyramide d'âge
Pratique 

Périphériques (veines) 
Prendre son temps
Passer la main

Présence
Paramètres vitaux à surveiller
Parents

Plusieurs collectes > LVL
Programme séparateur 

Précautions

Prélèvements de CSH et de CMN chez l’enfant  ≤ 15 kg 1991-2025 : les règles de P 

aphérèse 
Pédiatrique 



Les tigresses : 

Laurence Emmanuelle Valérie Delphine

Merci !


