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Sickle cell disease (SCD) is a group of inherited
disordes caused by mutations in the gene HBB, 

encoding the hemoglobin subunit β.

The sickle Hb (HbS)  polymerizes under deoxygenation , 
stiffening the erythrocytes, causing hemolysis, interaction 

with leucocytes, platelets and endothelium. 

This events result in hemolytic anemia, inflammation and 
vaso-occlusive episodes, with consequent pain episodes, 
vasculopathy and several organ specific complications.

Kato, G et al. Nat Rev Dis Primers 2018

30.000-50.000 
people with SCD 

in EU (ERN-
EuroBloodNet)



Treatments of SCD

1. Hydroxyurea

2. Red Blood Cell Transfusion (Simple/Exchange)

3. Stem Cell Transplantation
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Increase Oxygen Carrying capacity

Decreasing risk of SCD complications

Suppressing endogenous HbS
production



Treatments of SCD

1. Hydroxyurea

2. Red Blood Cell Transfusion (Simple/Exchange)

3. Stem Cell Transplantation

Top up (simple transfusion):
less blood, less equipment, less staff, 
less vascular access issues

But..

Need for more frequent transfusions, 
less control of HbS%, 
risk of hyperviscosity and circulatory
overload,
Iron overload



RBC Exchange

1. Partial manual RBC Exchange: 
a combination of phlebotomy with subsequent transfusion of RBCs

2. Automated:
depletion and concomitant RBCs replament

3. Isovolemic hemodilution (RBC depletion/Exchange)
RBC depletion with initial volume replacement with
saline followed by donor RBCs replacement

Time
consuming

Fluid balance
issues, HbS

target difficult
to achieve



RBC Exchange

1. Partial manual RBC Exchange: 
a combination of phlebotomy with subsequent transfusion of RBCs

2. Automated:
depletion and concomitant RBCs replament

3. Isovolemic hemodilution (RBC Depletion/Exchange)
RBC depletion with initial volume replacement with
saline followed by donor RBCs replacement



PROCEDURE
PD 2022

N° PAZIENTI/
DONATORI

N° PROCEDURE N° PROCEDURE/
PAZIENTE

N° PAZIENTI 
PEDIATRICI

N° PROCEDURE 
PAZIENTE 

PEDIATRICO

PLASMA-EXCHANGE 96 683 7,1 5 26

ERITRO-EXCHANGE 16 77 4,8 7 18

STAMINOAFERESI AUTO 108 123 1,1 9 14

STAMINOAFERESI ALLO 12 12 1,0 0 0

GRANULOCITO-MONOCITOAFERESI 11 87 7,9 0 0

IMMUNOADSORBIMENTO (IA) IgG 1 4 4,0 0 0

FOTOCHEMIOTERAPIA 
EXTRACORPOREA 27 340 12,6 5 90

LEUCAFERESI CITORIDUTTIVA 2 2 1,0 1 1

AFERESI LIPOPROTEICA/IA LDL 18 370 20,6 5 105

GRANULOCITOAFERESI 
PRODUTTIVA 0 0 0,0 0 0

LEUCAFERESI PRODUTTIVA 
(DLI/CAR-T) 7 8 1,1 6 7
REOFERESI 0 0 0,0 0 0

ERITROAFERESI 1 3 3,0 0 0
TOTALE 299 1709 5,7 38 261



Stussi et al, Transfus Med Hemother 2019

???





RBC Exchange

Automated RBC exchange allows for 
calculations specific to the patient and 
procedure, including target Htc, HbS%, FCR 
(Fraction of Remaining Cells) after the 
procedure… to be achieved in an isovolemic
and iron-neutral manner.

Although the technical aspect of automated 
RBC exchange results in a more costly 
individual procedure, the overall financial 
burden on hospitals and patients may be less 
in the long term if there is a reduction in 
disease complications.



RBC Exchange: indications

Connelly-Smith et al, J Clin Apher. 2023





RBC Exchange: indications (acute)

Smith JA et al, J Clin Apher 2020; 35:427-34.

The goal is to reduce the abnormal hemoglobin (HbS) to <30%, target the 
total hemoglobin around 9 to 10 g/dL but not greater than 100 g/L and 
target hematocrit around 30% (30% ± 3%) to prevent hyperviscosity

No guidelines on how soon RBC-Ex should be initiated for rapidly 
progressing ACS and stroke in sickle cell patients, the best practice is to 
initiate it as soon as possible.

Alloimmunization to RBC can delay availability of RBC units for urgent 
RBC exchange, highlighting the importance of early communication with 
the blood bank when caring for a SCD patient requiring an urgent RBC-Ex 
procedure



RBC Ex in acute setting

Urgent
RBC Ex

Vein access
(CVC vs PA)

RBC units

Apheresis
Team and 

equipment
24/24, 7/7

Inpatient
ward

Interventional
radiologist

Anaesthesiologist

Apheresis Team

Blood Bank
physician

Hematology/
Pediatrics

Emergency room

Intensive care unit

In case of RBC 
alloantibodies, 

antigen
negative 

units available



Vascular access in Apheresis



Thanks to the lower blood flow rate apheresis can be 
performed also with peripheral venous access devices 
such as steel needle or cannules

Venous access can be achieved wholly or in combination
from peripheral veins, central venous catheters, 
arteriovenous (AV) fistulas, AV grafts and high flow ports, 
depending on patient’s characteristics and treatment
schedule. In pediatric apheresis the considerations
concerning vascular access included weight, age, ability to
reach optimal blood flow, and patient cooperation

Blood flow rate:
• 0.5-1 mL/kg/min for children
• 50-100 mL/min for adults

Vascular access in Apheresis

Courtesy by Dr. Baratiri, TIPED PD

RBC-Ex in pediatrics must be carried out in a center with 
adequate expertise



RBC Exchange: indications

Connelly-Smith et al, J Clin Apher. 2023





Pre-HSCT??



N Median Follow up Stem Cell Source Conditioning Type Conditioning Regimen RBCEx

Glukman
2017

1000 54.5 (0.3-324.6) 
months

BM (84%), PBSC (7%), 
CB (9%)

MA Bu +Cyclo(69%) and 
Treo + Thio +Flu

NR

Benitez-
Carabante

2021

45 <5 years: 24 
month (10 – 133)
>5 years: 41 (11 –

246)

BM MA Bu+ Cyclo NR

Hsieh  2014 30 3.4 years(1–8.6) NMA ALZ,300 cGy TBI, 
Sirolimus

YES

Bhatia 2014 18 1065.5 days (135–
2731)

BM (15), CB (3) MA Flu, Bu and ALZ NR

King 
2015

52; SCD 
(43),β-Th 

(9)

3.42years
(0.75–11.83)

BM (46), CB (5), 
BM+CB (1)

MA ALZ, Flu, and MLP NR

Saraf
2016

13 22 months (12 to 
44)

PBSC NMA ALZ/300 cGyTBI, 
Sirolimus

YES

SCD: stem cell transplantation (MRD)



N Median Follow up Stem Cell 
Source

Conditioning Type Conditioning Regimen RBCEx

Fitzhugh 2017 23; SCD (21), β-
Tha (2)

3.17 years (0.67-
6.16)

PBSC NMA ALZ, 400 cGy TBI, 
Sirolimus and PTCy

YES

Strocchio 2015 15 6·3 years (0·3–16·2) BM, CB, PBSC MA Treo, Thio, Flu NR
Shenoy 2016 52 26 months (12-62) BM MA ALZ, Flu and MLP NR

Gluckman 2020 71 38 months (2–154) BM, PBSC MA Flu, Thio + Treo (64%) or 
Bu + Cyclo (12%).

NR

Saraf 2018 21 37.3months (7.9-
72.5)

PBSC NMA ALZ, 4 Gy TBI, PTCy YES

De la Fuente 
2019

8 16.4 months (11.7 -
30)

PBSC NMA ATG, Flu, Cyclo, 3 Gy TBI, 
PTCy

YES

Foell 2017 16 13.3 months (3.8-
23.1)

BM NMA ATG, Flu, Cyclo, and 
200cGy TBI, PTCy

YES

Gilman 2017 9 26 months PBSC MA ATG, Flu, Thio, Treo, 
CD3+/CD19+ depleted

YES

Gaziev 2018 10 49 months (14-60) PBSC MA MLP, Thio, Flu, ATG NR
Marzollo 2019 11 2.35 years (0.8-6.54) BM, PBSC MA ATG, Flu, Thio, Treo, 

CD3+/CD19+ depleted
YES

SCD: stem cell transplantation (MUD/HAPLO)

















GCSF 10 mcg/kg was given subcutaneous (S/C) once daily
for 5 days with plerixafor 0.24 mg/kg S/C start 10–12 h
before initiation of harvest. 

Peripherally harvested stem cells were collected with a target 
CD34 dose of 10 million cells per kg recipient body weight. 
All the donors were admitted on day 4 of GCSF administration
and were started on IV hydration. 
Post-harvest, all the donors were closely monitored for a 
week.
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