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Objectives

ÁTo understand the basis of current 
recommendations for transfusion thresholds 
in patients with sickle cell disease

ÁTo understand the current state of knowledge 
of proper dosing in these patients



Background

Á5000 children with sickle cell disease are born 
annually in the US
Ğ1 in 600 African American babies is born with 

sickle cell disease

Ğ#ÈÉÌÄÒÅÎȭÓ (ÅÁÌÔÈÃÁÒÅ ÏÆ !ÔÌÁÎÔÁ ÃÁÒÅÓ ÆÏÒ ÍÏÒÅ 
than 2000 children with hemoglobinopathies

ÁMore than 10% of African Americans have 
sickle cell trait
ĞGreater than 2.5 million affected individuals in the 

US



The majority of patients with sickle cell 
disease have Hb SS

ÁHb SS:  65%

ÁHb SC:  25%

ÁHb S ɼ+ thalassemia:  8%

ÁHb S ɼÁthalassemia:  2%



Hemoglobin S

ÁGlutamine to Valine substitution in the 6th

codon of the Beta globin gene cluster on 
chromosome 11

ĞLeads to polymerization (and sickling) when 
deoxygenated

ĞMembrane changes lead to increased adherence 
to the vascular endothelium



Deoxygenated Hemoglobin (alpha chains are light 

color, beta chains are dark color) From UpToDate







RBC Transfusion

ÁSimple versus exchange

ÁAcute versus chronic



To be discussed:

ÁAcute chest syndrome

ÁSplenic sequestration

ÁPriapism

ÁPre-operative transfusion

ÁCVA

ÁOthers



Acute Chest Syndrome

ÁDefined as a new infiltrate in a patient with 
sickle cell disease

ĞMay be accompanied by chest pain, fever, 
tachypnea, wheezing, or cough

ĞA leading cause of death 



http://www.ispub.com/ispub/ijeicm/volume_9_number_2_3/acute_chest_syndrome_in_a_patient_with_sickle_cell_anemia_successfully_treated_with_erythrocytapheresis/chest-fig1.jpg


Vichinsky et al, NEJM 2000

Acute chest syndrome has many causes



Transfusion, a common treatment for 
ACS, improves oxygenation

Á670 episodes of ACS

Ğ68% of patients received simple transfusion

ĞpAO2 improved from 63 mm Hg to 71 mm Hg with 
transfusion

ĞO2 saturations increased from 91% to 94% with 
transfusion

ÀSimilar increases with simple versus exchange 
transfusion

Vichinsky et al, NEJM 2000



Vichinsky et al, NEJM 2000

Transfusion decreases length of hospitalization in 
patients with acute chest syndrome



Is simple or exchange 
transfusion best for ACS?

ÁNot known

ĞNo adequately powered, randomized trials have 
examined this question



Historic data suggests dramatic 
response to exchange

ÁΩΨȾΩΫ ÐÁÔÉÅÎÔÓ ×ÉÔÈ ÓÅÖÅÒÅ !#3 ȰÒÅÓÐÏÎÄÅÄ 
ÄÒÁÍÁÔÉÃÁÌÌÙȱ ÔÏ ÅØÃÈÁÎÇÅ ÔÒÁÎÓÆÕÓÉÏÎ

ĞMany patients initially received simple transfusion 
without improvement

Nathan et al, Blood 1993



No difference in outcome with simple 
versus exchange transfusion seen in a 
recent retrospective study

ÁSimilar baseline characteristics between 
patient groups

ĞHigher admission Hb levels in exchange group

ĞHigher post-transfusion Hb in exchange group

Á4 times more blood exposure in exchange 
group 

Ğ10.3 versus 2.4 units

Turner et al, Transfusion 2009



Turner et al, Transfusion 2009



Exchange transfusion decreases % S as well as 
platelet count, ANC, and sVCAM - 1

Liem et al, AJH 2004



Liem et al, AJH 2004



Transfusion may prevent ACS 
predicted by elevated sPLA2

ÁSecretory phospholipase A2 (sPLA2) is an 
inflammatory mediator that may precede the 
development of ACS

ÁSimple RBC transfusion may prevent ACS in patients 
with VOC and sPLA2 > 100 ng/mL (with fever and a 
negative CXR)

Ğ5 of 8 patients randomized to standard care developed 
ACS, compared to none of 7 patients randomized to 
transfusion

ĞPROACTIVE  (Preventing ACS by Transfusion Feasibility) 
and ANTHERA studies (sPLA2 inhibitor)

Styles et al, BJH 2006



ACS, transfusion, and neurologic events in 
patients with sickle cell disease

ÁNeurologic complications are associated with ACS

Ğ Including altered mental status, stroke, and seizures

Ğ22% of adults, 8% of children with neurologic complications 
in trial by Vichinsky et al (n=538)

Ğ5 consecutive children with ACS in study by Henderson et al 
developed neurologic complications ( 3 with posterior 
leukoencephalopathy syndrome)

ÀAll were intubated and received exchange transfusion after 
simple transfusion

ĞDoes simple or exchange transfusion contribute to 
neurologic complications?



Short term chronic transfusion 
therapy may decrease incidence 
of ACS in select patients

Á27 patients with recurrent or unusually severe 
ACS were treated with chronic transfusion 
therapy

ĞIncidence of ACS decreased from 1.3 episodes/pt 
year to 0.1 episodes/pt year

ĞNo obvious difference in severity of ACS in 
patients on chronic transfusion therapy

ĞChronic lung damage may be minimized

Hankins et al, JPHO 2005



Chronic transfusion arm of STOP with less ACS

Miller et al, J Pediatr 2001



Splenic Sequestration

ÁCollection of sickled RBCs in splenic sinusoids

Ğ/ÆÔÅÎ ÑÕÉÔÅ ÁÃÕÔÅȠ ȰÍÉÎÏÒȱ ÅÐÉÓÏÄÅÓ ÁÌÓÏ ÏÃÃÕÒ

ĞPrecipitating events unclear

ĞPeak age 6 months-2 years

ÀOccurs at an earlier age in children with low fetal Hb levels

ĞTends to recur

ĞHistorically a leading cause of death in infants with Hb SS 
disease

ÁRates of sequestration have increased with parental 
education



Splenic sequestration occurred in 43 of 694 
patients in Cooperative Study infant cohort

Gill et al, Blood 1995



From Georgia Comprehensive Sickle Cell Center website



Age at initial splenic sequestration in 89 
(of 308) affected children in Jamaica

Serjeant et al, J Peds 1984

132 total attacks, 13 were fatal.  
49% had a recurrence with 
diminishing intervals between events.



Buchanan et al, J Peds 1989

Intensive hypertransfusion 
may improve splenic 
function



Splenic sequestration treatment

ÁTransfusion of small aliquots (5 cc/kg) of RBCs 
slowly is advocated for acute splenic 
sequestration
ĞBeware of autotransfusion

ÁSplenectomy is a potential treatment for 
patients with recurrent sequestration
ĞOften done after 2 years of age

ĞChronic transfusion therapy may bridge gap until 
splenectomy can be done
ÀLimited efficacy data



Priapism

ÁResults from vaso-occlusion of venous penile 
drainage



Transfusion for priapism

ĞReview of existing case reports (n=42) shows no 
ÄÅÃÒÅÁÓÅ ÉÎ ȰÔÉÍÅ ÔÏ ÄÅÔÕÍÅÓÃÅÎÃÅȱ ×ÉÔÈ 
conventional therapy (8 days, n=16) versus 
transfusion therapy (10.8 days, n=26)

Merritt et al, CJEM 2006



ASPEN (association of sickle cell disease, 
priapism, exchange transfusion, and neurologic 
events)

ÁHas been reported in a total of 9 patients

ĞMay present immediately or within a week 
following transfusion

ĞEtiology unclear

ÀHyperviscosity?

ÀRelease of activated clotting factors, activated 
platelets, and cytokines from sludge like blood in 
corpora cavernosa?

ÍSickle patients have increased vWF and fibrinogen at 
baseline, with decreased protein S



Rackoff et al, J Peds 1992

ASPEN may be more likely in cases with high post-exchange Hb levels



Other priapism reports

ÁCase series of 10 patients receiving whole 
blood exchange (and ending with Hb < 10 
g/dL) had no neurologic complications

ÁCase series of 7 patients receiving whole 
blood exchange had 1 neurologic 
complication

Ballas et al, J Clin Apheres 2006

McCarthy et al, Ther Apher 2000



Pre- operative transfusion

ÁHigh rates of post-operative complications 
have been reported in patients with sickle cell 
disease

ĞIncluding VOC, ACS, other

ÁDoes pre-op transfusion decrease this risk?

ĞHow low does the %S have to be?



Fu et al, Pediatr Blood Cancer 
2005

ÁMinor elective surgical procedures done 
without transfusion

ĞRetrospective

Ğ28 children with Hb SS

Ğ15% with post-op complications (fever, pain).   No 
ACS.



Pre- operative transfusion

ÁPreoperative Transfusion in Sickle Cell 
Disease Study:

Ğ551 patients with HbSS 

ĞRandomized to aggressive (Hb of 10 g/dL and Hb S 
<30%) or conservative (Hb of 10 g/dL regardless of 
percent S) arms



Vichinsky et al, NEJM 1995

Similar non - transfusion complication rates in each arm



Vichinsky et al, NEJM 1995

50% fewer transfusion related complications in conservative arm





Haberkern et al, Blood 1997


