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   Alloimmunization against red blood cell anti gens and delayed hemo lytic trans fu sion reac tion (DHTR) are major bar ri ers 
to trans fu sion in sickle cell dis ease (SCD). In SCD, DHTR is a poten tially life - threat en ing. Blood group poly mor phism in 
SCD patients, who are of Afri can ances try and fre quently exposed to anti gens they do not carry; an infl am ma tory clin i cal 
state; and occa sional trans fu sion in acute sit u a tions are risk fac tors for alloimmunization and DHTR. In patients at risk, 
the trans fu sion indi ca tion must be bal anced against the risk of devel op ing DHTR. However, when transfusion is abso-
lutely necessary, protocols combining the prevention of exposure to immunogenic antigens with immunosuppressive 
treatments must be implemented, and patients should be care fully mon i tored dur ing post trans fu sion fol low - up. This 
close mon i tor ing makes it pos si ble to diag nose hyperhemolysis as soon as pos si ble; to avoid retransfusion, which can 
exac er bate hemo ly sis; and to admin is ter spe cifi c treat ments, such as anticomplement ther apy, in severe cases. Finally, 
in patients with severe dis ease, hema to poi etic stem cell trans plan ta tion may be indi cated. However, trans fu sion is also 
required in this con text, and its man age ment is com plex because these risks must be taken into account.  

  We dis cuss these issues here, based on a clin i cal case. With the excep tion of con sen sual pro phy lac tic red cell anti gen 
matching for ABO / RhD and Rh(C, E or C / c, E / e), the rec om men da tion of these mea sures is con di tional because cer tainty 
concerning the evi dence of an effect is very low. This lack of evi dence high lights the need for improv ing our under stand-
ing of trans fu sion com pli ca tions in SCD and devel op ing pre ven tive strat e gies that take into account the mech a nisms 
under ly ing hyperhemolysis syn drome. 

  LEARNING OBJEC TIVES 
    •  To know the risk fac tors of red blood cell alloimmunization and delayed DHTR in SCD 
   •  To describe the options for man ag ing com plex trans fu sion sit u a tions in an SCD patient when trans fu sion and / or 

hematopoietic stem cell transplantation are abso lutely indi cated  

  Introduction 
 Sickle cell dis ease (SCD) is the most com mon inherited red 
blood cell (RBC) dis or der in indi vid u als of Afri can descent. 
Transfusion remains a major treat ment, though with a 
cer tain risk in SCD. Delayed hemo lytic trans fu sion reac
tion (DHTR) occurs in about 4 %  of adult patients receiv
ing occa sional trans fu sions. 1  Delayed hemo lytic trans fu sion 
reac tion is an umbrella term encompassing post trans fu sion 
hemo ly sis of all  degrees of sever ity, with the poten tially 
fatal devel op ment of hyperhemolysis occur ring in the most 
severe cases. 2,3  Indeed, 5 %  of the 266 deaths ana lyzed in 
SCD adults were due to DHTR. 4  

 The major cause of DHTR is RBC alloimmunization 
because of dif fer ences in blood groups between donors 
of Cau ca sian ori gin and recip i ents of Afri can ances try. 

Another risk fac tor is the infl am ma tion sta tus at the time 
of trans fu sion dur ing acute com pli ca tions. 3  However, many 
cases with no detect able antibodies are described, call ing 
into ques tion the under ly ing mech a nism. 5  10  

 In the most severe cases, the patient devel ops hyper
hemolysis, with lower lev els of hemo glo bin (Hb) after 
trans fu sion than before, due to the destruc tion of trans
fused and autol o gous RBCs and, in some cases, pro found 
reticulopenia. 11  The sever ity of the con di tion is due to major 
intra vas cu lar hemo ly sis with the phys i o log i cal pro tec tion 
against free Hb (hap to glo bin) and free heme (hemopexin, 
heme oxygenase) being overwhelmed. Accumulation of 
free heme gen er ates oxi da tive stress, trig ger ing symp
toms of a vaso  occlu sive cri sis (VOC) and accen tu at ing the 
dam age to vas cu lar endo the lial cells. Whether occur ring 
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through the clas si cal or alter nate path ways, com ple ment acti va
tion, which results in mem brane attack com plex for ma tion, is the 
pre dom i nant mech a nism of hyperhemolysis. The patient’s RBCs 
are destroyed because they are sen si tive not only to oxi da tive 
stress but also to the non spe cific bind ing of acti vated com ple
ment frac tions.12,13

Prevention of this acci dent is cur rently based on the pre ven
tion of alloimmunization but also involves immu no sup pres sive 
ther apy. The treat ment of this syn drome, par tic u larly in severe 
cases, may require drugs act ing on the com ple ment acti va tion 
cas cade, such as eculizumab.1417

We pres ent here the clin i cal case of a patient with his tory 
of hyperhemolysis with anti body devel op ment for whom trans
fu sion sup port con tin ued to be indi cated because of a severe 
symp tom atic dis ease that could not be treated with hydroxycar
bamide. The deci sion was made to per form hema to poi etic stem 
cell trans plan ta tion (HSCT), which caused addi tional trans fu sion 
chal lenges.

THE CLINICAL CASE
A 15yearold boy was referred to our depart ment for highly 
symp tom atic SCD refrac tory to hydroxycarbamide. In the last 
2 years, he expe ri enced 5 acute chest syn drome (ACS) and was 
hos pi tal ized monthly for VOC. His RBC phe no type was B, D+ 
CE c+ e+, K, FyaFyb, JkaJkb+, MN+ S s. During a sys tem atic 
anti body screen ing test with out evi dence of hemo ly sis, antiJka 
antibodies were detected after 3 trans fu sion epi sodes with pro
phy lac tic Rh and Kmatched units: one before cho le cys tec tomy 
(3 RBC units) and two for treat ment of ACS (2 RBC units each). 
After devel op ment of antiJka antibodies, a fourth trans fu sion to 
treat ACS was performed with 2 CE, K and Jka RBC units, with 
addi tional pro phy lac tic matching for FY (FyaFyb) and Ss (S) 
lead ing to an imme di ate post trans fu sion Hb level of 10.4  g/dL 
and 30% HbA. Ten days later, the patient devel oped joint pain, 
fever, jaun dice, and hemo glo bin uria. His Hb level fell to 6.4  g/dL 
(pretransfusion level: 8  g/dL), bil i ru bin rose from 18 (pretransfu
sion level) to 115  mmol/L and LDH level rose from 534 (pretrans
fusion level) to 1156 IU/L. The symp toms mim icked VOC, but the 
pres ence of hemo glo bin uria and the clear ance of HbA (15%) asso
ci ated with the rapid rise in per cent age of sickle cell Hb (HbS) 
led to a sus pi cion of hyperhemolysis. The patient received only 
sup port ive care (hydra tion, oxy gen a tion, anal ge sic opi oids), and 
the symp toms resolved. During the course of DHTR, anti body 
screen ing test revealed only the already known antiJka antibod
ies, but antiM antibodies were detected 1 month later.

Given the sever ity of the dis ease, a trans fu sion pro gram to 
pre vent VOC recur rences18,19 followed by haploidentical HSCT 
was con sid ered dur ing a national mul ti dis ci plin ary pedi at ric care 
meet ing. A deci sion was made on a trans fu sion pro gram: CE, 
K, FyaFyb, Jka, S and M units along with pro phy lac tic immu
no sup pres sion. Rituximab was admin is tered (375   mg/m2 via IV) 
10 days before the first trans fu sion. During the trans fu sion pro
gram, addi tional rituximab was admin is tered to achieve con tin
u ous Blym pho cyte deple tion. No adverse trans fu sion reac tion 
occurred dur ing the 6month pro gram.

The phe no type of the graft donor (the patient’s mother) was 
O, Jka+, M+. The risk of an acute hemo lytic reac tion trig gered 
by the donor’s antiB antibodies at the time of stem cell infu
sion was prevented by plasma reduc tion of the bone mar row 
graft. Recipient antiJka and antiM antibodies were no lon ger 
detect able by the time of HSCT, but RBC reduc tion on the 
bone mar row graft was recommended to pre vent restimulation 
by the donor’s RBCs. HSCT was performed after a reduced
inten sity con di tion ing reg i men. During the preconditioning 
phase and after HSCT, the patient was trans fused with O, CE, 
K, Jka, Fya, S and M RBC units. The immu no he ma to log i cal 
work up remained neg a tive. However, the patient expe ri enced 
pure redcell aplasia not of immu no he ma to log i cal ori gin and 
was depen dent on RBC trans fu sion for 6 months after trans
plan ta tion. He is now well and dis plays full engraft ment with no 
acute or chronic graft versus host disease.

How to pre vent post trans fu sion hemo ly sis in patients  
with SCD
In our case, the patient ini tially devel oped antibodies after trans
fu sion of 7 RBC units matched for Rh and K, reflecting his high 
responder sta tus. He presented only a delayed sero logic reac tion, 
as the devel op ment of the antiJka anti body was not asso ci ated 
with post trans fu sion hemo ly sis. However, the patient was at risk  
of devel op ing new antibodies and DHTR. The DHTR risk has been 
shown to increase with var i ous fac tors: trans fu sion for an acute 
indi ca tion, his tory of immu ni za tion, his tory of DHTR, and trans fu
sion with a smaller cumu la tive num ber of trans fused units.1,5 In the 
case described, the patient had all  the known risk fac tors except 
prior DHTR. In accor dance with cur rent trans fu sion rec om men da
tions,20,21 along with a Jkaneg a tive pro to col to take into account 
the preformed anti body, matching was extended to Fya and S 
anti gens to pre vent for ma tion of new antibodies. In this case, the 
extended phe no type of the patient was known and pre vi ously 
performed with sero logic tech niques. As recommended, the 
patient had also benefited from a molec u lar work up to detect 
par tial anti gens and rare blood in the Rh blood group, which 
should also have been taken into account ear lier. However, no 
var i ant was found. Despite this pro phy laxis, the patient devel
oped post trans fu sion hemo ly sis with the appear ance of antiM 
antibodies. Manti gen matching is not included in the pre ven
tion of immu ni za tion at our cen ter unless antiM antibodies are 
already detect able or known in his tory. However, antiM antibod
ies may be involved in DHTR, as shown by the most recent series 
of pedi at ric DHTR cases.9,10 Then, con sid er ing the M anti gen in 
already immu nized patients can be an issue. Rituximab, which 
can be used to pre vent alloimmunization in patients with his tory 
of severe DHTR, might have prevented the pro duc tion of this 
new anti body.22 This case high lights the com plex ity of deci sion
mak ing in such cases and dem on strates that the risk of anti body 
devel op ment and the clin i cal sig nifi  cance of the antibodies asso
ci ated with hyperhemolysis remain poorly under stood.23 Indeed, 
in the con text of DHTR, when antibodies are detected, they may 
be of any type and have no cor re la tion with sever ity.7

How to man age patients with his tory of hyperhemolysis
The com plex patients in France are discussed at a mul ti dis ci plin
ary con sul ting meet ing with a panel of cli ni cians and trans fu sion 
pathol o gists spe cial izing in SCD (Figure 1). The first aspect dis
cussed is always the risk/ben e fit ratio of con tinu ing trans fu sion,  
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par tic u larly for clas si cal indi ca tions, such as the pre op er a tive 
pre ven tion of SCD symp toms. In the case described here, the 
clin i cal sit u a tion was reevaluated, and the con tin u a tion of pro
grammed trans fu sions was con sid ered the only appro pri ate 
treat ment for this symp tom atic patient before HSCT.

In a patient with a his tory of hyperhemolysis, when new 
trans fu sions can not be avoided because of a severe dis ease, 
extended matching for RBCs for FY, JK and Ss is always indi
cated, and rituximab should always be pro vided, espe cially if 
the patient has devel oped hyperhemolysis with detect able anti
bodies, in accor dance with a con di tional rec om men da tion of 
the ASH guide lines.20 (Table 1). There is cur rently no other widely 
used pre ven tive mea sure against alloimmunization and DHTR. A 
ret ro spec tive study sug gests that rituximab can be safely used 
for pre vent ing DHTR in patients with a pre vi ous his tory of DHTR 
and detected antibodies. However, despite rituximab pro phy
laxis, DHTR recurred in about 20% of the patients, albeit at mod
er ate sever ity and with out detect able antibodies, confirming 
the mul ti fac to rial ori gin of this syn drome.23

All patients with a his tory of hyperhemolysis under go ing 
trans fu sion again should be mon i tored closely to ensure that any 
new epi sode is detected as soon as pos si ble so that ad hoc treat
ments can be rap idly ini ti ated at spe cial ist facil i ties. (Figure 1).

The diag no sis of post trans fu sion hemo ly sis
Recurrence or appear ance of VOC shortly after trans fu sion, dark 
urine, onset or wors en ing of ane mia, or increase in LDH con
cen tra tion should alert pro fes sion als to the like li hood of DHTR. 
This first step—rec og ni tion—is cru cial to pre vent fur ther trans
fu sions, which would exac er bate hemo ly sis, and for the ini
ti a tion of treat ment before irre vers ible mul ti ple organ fail ure 
devel ops. Diagnosis is not depen dent on imme di ate evi dence 
of newly formed antibodies. In our case, the antiM anti body 
was detected in the plasma 30 days after the trig ger trans fu sion. 
However, no antibodies are ever detected in many cases, even 
some time after the DHTR. The HbA decrease rel a tive to the val
ues obtained imme di ately after trans fu sion is a key param e ter for 
the con fir ma tion of post trans fu sion hemo ly sis. A nomo gram can 

Figure 1. Decision making process for the indication of transfusion in a patient with history of hyperhemolysis. A patient with history 
of posttransfusion hyperhemolysis is at risk for recurrence of the syndrome, with or without detectable antibodies. When a transfu
sion is indicated, a shared decisionmaking process assesses the risk/benefit of transfusion, and if maintained, establishes the transfu
sion protocols in terms of RBC antigen matching and the use of immunosuppressive therapy. Close monitoring of the posttransfusion 
phase is absolutely necessary, and assessment of total Hb and HbA% immediately after transfusion will help diagnose posttransfusion 
hyperhemolysis with new assessment of these parameters. If clinical signs appear, evaluation of hemolytic biological parameters and 
an IH workup are performed. A negative IH workup does not rule out the diagnosis. After confirmation of hyperhemolysis, supportive 
care and specific treatments are considered. Hb, hemoglobin; IH, immunohematology; LDH, lactate dehydrogenase; RBC, red blood 
cell; VOC, vaso occlusive crisis.
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facil i tate diag no sis if assess ments of total Hb and HbA% imme di
ately after trans fu sion are avail  able.24 In a study on chil dren per
formed at 1 insti tu tion, HbA clear ance was also cal cu lated based 
exclu sively on the vol ume of RBCs trans fused and the hemat o crit 
of the units.25 The appear ance of HbA in the urine with a wors en
ing of ane mia may also indi cate ongo ing DHTR. Finally, a rapid 
decrease of 25% or more in total Hb lev els with respect to pre
transfusion lev els should raise sus pi cions of DHTR. The diag no sis 
of DHTR and the elim i na tion of other causes of acute ane mia, 
such as splenic seques tra tion, auto im mune hemo lytic ane mia, 
acute hemo lytic sickle cell cri sis, and exten sive bone mar row 
necro sis, are cru cial because a his tory of DHTR affects treat ment 
deci sions, with patients sub se quently receiv ing the smallest 
pos si ble num ber of trans fu sions.

How to treat a patient with hyperhemolysis (Table 2)
In this case, the patient received only sup port ive care and did 
not require addi tional trans fu sions. In a recent pedi at ric series, 
15% of patients received no treat ment, whereas the oth ers 
received EPO, rituximab, and/or eculizumab. Corticosteroids 
were also admin is tered, but only for patients under go ing new 
trans fu sions due to lifethreat en ing ane mia.9 In another series of 
37 pedi at ric cases, 11 patients received sup port ive care only; the 
other patients received immu no sup pres sive ther apy. Additional 
trans fu sion was required for 17 patients. In this report, treat
ment with a high dose (2  mg/kg) of cor ti co ste roid in addi tion to  
trans fu sion made it pos si ble to main tain Hb lev els after trans
fu sion.10 Finally, in a series of cases in young adults,26 66% of 
patients received cor ti co ste roids. By con trast, cor ti co ste roid 
treat ment is sys tem at i cally avoided in the DHTR set ting at some 
adult facil i ties due to the risk of hyper vis cos ity and new VOC.27 
However, in most of the ret ro spec tive case stud ies, the patients 
received dif fer ent treat ments simul ta neously, mak ing it dif fi cult 
to deter mine which of the them was actu ally effec tive.28

There is still lit tle con sen sus about DHTR man age ment. It dif
fers between adults and chil dren and between the dif fer ent cen
ters treating patients; how ever, DHTR man age ment also dif fers 
based on the treat ments avail  able, as some, such as eculizumab, 
are expen sive and dif fi cult to obtain at some facil i ties.

Aside from sup port ive care, cur rent treat ments are based 
on the puta tive mech a nisms under ly ing DHTR and the con se
quences of the release of RBC con tent. RBC pro duc tion has to be 
stim u lated by EPO and the dif fer ent RBC destruc tion path ways 
inhibited. IVIG treat ment is con sid ered against the mac ro phage 
medi ated destruc tion of RBCs induced by antibodies, and anti
complement treat ment is con sid ered against the com ple ment 
acti va tion through the clas si cal and alter na tive path ways. Ecu
lizumab is the only anticomplement agent used to date in the 
con text of DHTR.29 However, it must be admin is tered at the very 
start of hyperhemolysis to pre vent irre vers ible mul ti ple organ 
fail ure. Another goal of treat ment is to elim i nate free heme and 
free hemo glo bin released in the plasma, which can have del
e te ri ous effects on the endo the lial cells in the ves sels. Plasma 
exchange is a good option; how ever, extra cor po real vol ume 
must also be con sid ered, as it may cause a fur ther decrease in 
hemo glo bin level.30 Other drugs for remov ing free heme from the 
plasma, such as hemopexin, could be con sid ered in the future. 
Other drugs have been used to treat hyperhemolysis, such as 
Tocilizumab, an anti–IL6 recep tor agent that low ers the lev els of 
inflam ma tory mark ers thought to be involved in the path o phys i 
ol ogy of severe DHTR.31,32

Finally, in some cases of pro found ane mia and organ hyp oxia, 
fur ther trans fu sions are inev i ta ble. If trans fu sion is indi cated, 
extended matching (Fy, Jk, Ss) is recommended in addi tion to rit
uximab pro phy laxis, even if there are no detect able antibodies. 
Pediatric cli ni cians also con sider admin is ter ing a short course of 
cor ti co ste roids to patients under go ing trans fu sion in this con
text because of this treat ment’s antiinflam ma tory and immu no
sup pres sive effects.9,10

The chal lenges of trans fu sion in the con text  
of hema to poi etic stem cell trans plan ta tion
Hematopoietic stem cell trans plan ta tion (HSCT), as in the case 
described, is the only cura tive treat ment in patients with severe 
SCDrelated com pli ca tions, espe cially when trans fu sion dif fi cul
ties are encoun tered due to the pres ence of mul ti ple antibodies, 
a rare blood type, or a his tory of severe DHTR.33 In SCD patients 
under go ing HSCT, trans fu sion sup port is required before the  

Table 1. The guide lines of the Amer i can Society of Hematology (ASH) discussed in this review

Recommendations or sug ges tions of 
ASH Grading of rec om men da tions Remarks

Questions 3 and 4:
Use of immu no sup pres sive  
ther apy20

ASH SUGGESTS:
Immunosuppressive ther apy over no 
immu no sup pres sive ther apy for high 
risk of acute hemo lytic trans fu sion 
reac tion or severe his tory of DHTR

Conditional rec om men da tion 
based on very low cer tainty in 
the evi dence about effects

Share deci sionmak ing pro cess 
is crit i cal to weigh the poten tial 
ben e fits and harms asso ci ated 
with trans fu sion ver sus the effect 
of ongo ing SC symp toms

ASH SUGGESTS:
Immunosupressive ther apy over 
no immu no sup pres sive ther apy in 
patients with DHTR and ongo ing 
hyperhemolysis

Conditional rec om men da tion 
based on very low cer tainty in 
the evi dence about effects

Share deci sionmak ing pro cess
Immunotherapy should be 
ini ti ated promptly if ongo ing 
hyperhemolysis with:
 First line: IVIG and high dose 
ste roids
 Second line: Eculizumab
 Rituximab only to pre vent  
addi tional antibodies
Precipitation of VOC with ste roids 
should be con sid ered

DHTR, delayed hemo lytic trans fu sion reac tion; IVIG, intra veinous immunoglobulin; SC, sickle cell; VOC, vasoocclu sive cri sis.
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ini ti a tion of the con di tion ing reg i men, with RBC exchange trans
fu sion to decrease HbS% to about 30% to pre vent vasoocclu sive 
com pli ca tions and also to sus tain the postconditioning aplasic 
phase. In nonmyeloablative HSCT trans plan ta tion, which is fre
quently suf fi cient to cure the dis ease, sta ble mixed chi me rism is 
asso ci ated with a risk of immu no he ma to log i cal com pli ca tions.34 
The coex is tence of donor and recip i ent immune cells results in 
a risk of RBC anti body pro duc tion by the immune cells of both 
donor and patient. In a series of 61 patients, 3 patients devel oped 
antibodies against the donor or recip i ent RBCs after HSCT. The 
com pli ca tions observed ranged from nonsevere adverse effects 

to near fatal hemo ly sis.35 During HSCT for SCD, in addi tion to the 
usual man age ment of ABOmis matches, cli ni cians must also con
sider com pli cated trans fu sion sit u a tions, such as the pro duc tion 
of mul ti ple alloantibodies by the patient, rare blood groups, and 
the pre ven tion of DHTR.36 Thus, once the indi ca tion for HSCT has 
been val i dated, and the donor has been selected, the fea si bil ity 
of trans fu sion sup port should be eval u ated at 2 lev els. First, the 
avail abil ity of extended phe no typematched RBC or rare blood, 
com pat i ble with both donor and recip i ent, should be checked. 
HSCT patients with a his tory of RBC allo an ti body have been 
shown to receive sig nifi  cantly more RBC units dur ing HSCT than 

Table 2. Current and poten tial treat ments of post trans fu sion hyperhemolysis based on puta tive mech a nisms

Goals of treat ments Treatments cur rently used Potentially use ful drugs

Supportive care

Hydratation, anal ge sic, oxy gen a tion

Stimulation of eryth ro poi e sis

Erythropoietin

Iron

Folates

Vitamin B12

Inhibition of RBC destruc tion

Macrophages/anti body-medi ated

Intravenous immu no glob u lin

Complement cas cade acti va tion

Eculizumab

Other antiC: C1 inhib i tors39

Elimination of toxic mol e cules from the plasma

Heme Plasmapheresis

Hemopexin40

Hemoglobin Plasmapheresis

Haptoglobin40

Antibodies Plasmapheresis

IgG endo pep ti dase41

Activated frac tions of com ple ment, cyto kines, 
other involved mol e cules

Plas ma phe re sis

Anti-inflam ma tory action

Corticosteroids (bal anced with vaso 
occlu sive risk)

Tocilizumab (case reports)

Safety of addi tional trans fu sion

Transfusion + rituximab

Transfusion + cor ti co ste roids (bal anced 
with vasoocclu sive risk)

Transfusion + Daratumumab
(case report)42

Transfusion + Bortezomib

Various goals

Bortezomib + Hemopure
(case report)43
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nonalloimmunized patients.37 Secondly, pre ven tion of DHTR by 
immu no sup pres sive ther apy in patients with a his tory of DHTR 
should be discussed. In a ret ro spec tive series of 34 ado les cents 
and young adults, 15% required pro phy laxis for DHTR dur ing 
preconditioning trans fu sion sup port.34 With the increase in indi
ca tions for HSCT in young and older patients,38 we are likely to 
see a par al lel increase in the fre quency of com plex trans fu sion 
sit u a tions.

Conclusion
In SCD, trans fu sion can induce reac tions rang ing from a delayed 
sero logic reac tion some time after trans fu sion, with no evi dence 
of hemo ly sis, to the devel op ment of post trans fu sion hemo ly sis, 
with the most severe cases presenting a hyperhemolysis syn
drome. The pre ven tion of these reac tions is cur rently based 
solely on avoiding expo sure to immu no genic anti gens, based 
on blood group strat i fi ca tion com pat i bil ity according to the 
patient’s his tory, and the admin is tra tion of immu no sup pres sive 
treat ments.

However, even with such pro phy laxis, some cases of DHTR 
occur and their path o phys i  ol ogy remains unclear, as no RBC 
antibodies are detected in many cases.

The post trans fu sion mon i tor ing of patients with his tory of 
alloimmunization and/or post trans fu sion hemo ly sis is highly 
impor tant to ensure that spe cific treat ment can be ini ti ated 
rap idly if signs of hemo ly sis develop. Finally, when HSCT is indi
cated, trans fu sion pro to cols and the workup on the bone mar
row graft should take into account both the RBC phe no type 
of the graft donor and the com plex trans fu sion sit u a tion of the 
patient. However, most of the mea sures described in this review 
are qual i fied by the Amer i can Society of Hematology (ASH) 
guide lines as con di tional rec om men da tions based on the very 
low cer tainty of the evi dence for an effect.19 (Table 1) This lack 
of evi dence high lights the impor tance of improv ing our under
stand ing of trans fu sion com pli ca tions in SCD and of devel op ing 
suit able meth ods for pre vent ing hyperhemolysis based on the 
under ly ing mech a nisms.
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