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   The trans fu sion of red blood cells (RBCs) is a cru cial treat ment for sickle cell dis ease (SCD). While often ben e fi  cial, the 
fre quent use of trans fu sions is asso ci ated with numer ous com pli ca tions. Transfusions should be offered with spe cifi c 
guide lines in mind. Here we pres ent updates to the indi ca tions for trans fu sion of RBCs in SCD. We review recent pub li-
ca tions and include expert per spec tives from hema tol ogy and trans fu sion med i cine. For some clin i cal indi ca tions, such 
as ische mic stroke, the role of trans fu sion has been well stud ied and can be applied almost uni ver sally. For many other 
clin i cal sce nar ios, the use of trans fu sion ther apy has less con clu sive data and there fore must be tai lored to indi vid ual 
needs. We high light the roles of RBC trans fu sions in pre vent ing or miti gat ing neu ro log i cal dis ease, in reduc ing periop-
erative com pli ca tions, in man ag ing acute chest syn drome, and in opti miz ing preg nancy out comes in SCD. We fur ther 
high light var i ous trans fu sion tech niques and when each might be con sid ered. Potential com pli ca tions of trans fu sion are 
also briefl y discussed.  

   LEARNING OBJECTIVES 
   •    Understand how trans fu sion ther apy is used for neu ro log i cal dis ease in adults and chil dren with SCD 
  •    Understand the role of trans fu sion ther apy for ACS in adults and chil dren with SCD 
  •    Understand how to eval u ate trans fu sion ther apy in preg nant women with SCD  

  Introduction   
 Sickle cell dis ease (SCD) is a red blood cell (RBC) dis or der 
caused by a sin gle nucle o tide sub sti tu tion in the  β  - glo bin 
allele on chro mo some 6 that results in sickle hemo glo bin 
(HbS). 1,2  At low oxy gen con cen tra tions, HbS poly mer izes, 
caus ing RBCs to dis tort into a cres cent or sickle shape 
( Figure 1 ). These frag ile, sick led RBCs lead to recur rent, 
severe pain and to pro gres sive dam age in nearly every organ 
sys tem. Transfusion of RBCs mit i gates, treats, or pre vents a 
vari ety of com pli ca tions of SCD ( Table 1 ). Through RBC trans-
fu sion ther apy, the bur den of sick led cells is reduced, allow-
ing for improved oxy gen - car ry ing capac ity and per fu sion 
through out the vas cu lar sys tem. 1 - 3  RBCs can be deliv ered 
via sim ple trans fu sion or exchange trans fu sion ( Table 2 ). 1,4

In this arti cle we review the indi ca tions for RBC trans fu sion 
in patients with SCD, dis cuss blood trans fu sion tech niques, 
and briefl y review the com pli ca tions of RBC trans fu sion. 

 CLINICAL CASE 
  Jane was 4 years old, with sickle cell dis ease (  HbSS) diag-
nosed shortly after birth, when she f rst vis ited the pedi-

at ric hema tol ogy clinic. Routine pedi at ric hema tol ogy 
care had not been eas ily acces si ble to the fam ily near 
their home, so the fam ily had moved to ini ti ate care at the 
clinic. Jane had been hos pi tal ized once for vaso - occlu sive 
cri sis (VOC) as a tod dler. She had received pen i cil lin pro-
phy laxis but had not pre vi ously been pre scribed hydroxy-
urea or screen ing for stroke with transcranial doppler 
ultra sound (TCD). At the hema tol ogy clinic, hydroxy urea 
was ini ti ated and esca lated to max i mum - tol er ated dos-
ing. Nonetheless, her 5 - year - old TCD revealed abnor mal 
veloc i ties. The fam ily was advised to begin chronic trans-
fu sion ther apy to reduce her risk of stroke.  

 VOC 
 VOCs are a fre quent man i fes ta tion of SCD. Transfusion ther-
apy is not recommended for uncom pli cated VOCs because 
mul ti ple small stud ies have failed to show its effect on the 
course of hos pi tal i za tion. 5  However, in stud ies of stroke, 
sub jects receiv ing chronic trans fu sions expe ri enced fewer 
pain events dur ing the period of trans fu sion ther apy. In the 
Stroke Prevention Trial in Sickle Cell Anemia (STOP), patients 
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receiv ing the stan dard of care reported nearly 3-fold more pain 
events per 100 patient-years than patients receiv ing trans fu sions 
(P  =  .014).6 In the Silent Cerebral Infarct Transfusion Multi-Center 
Clinical Trial, VOC pain occurred sig nif  cantly more fre quently in 
the obser va tion group com pared to the trans fu sion group (inci-

dence rate ratio, 0.41; P  =  .04).7 Therefore, for recur rent VOC that 
is refrac tory to dis ease-mod i fy ing ther a pies, chronic trans fu sion 
may be con sid ered as an adjunct or sec ond-line ther apy.1,3,5,8

Transfusion for stroke
Stroke accounts for sig nif  cant mor bid ity and mor tal ity among 
per sons with SCD.3,9,10 Prior to the intro duc tion of screen ing, 
approx i ma tely 11% of indi vid u als with SCD would expe ri ence 
stroke before 20 years of age.11 The risk of recur rent stroke was 
approx i ma tely 70% within 2 years of the frst stroke.3 Stroke-risk 
screen ing using TCD should begin around 2 years of age and is 
admin is tered annu ally through age 16. Abnormal TCD, defned by 
a time-aver aged mean veloc ity ≥200 cm/s in the inter nal carotid 
or mid dle cere bral artery, pre dicts a 40% risk of stroke within  
3 years.8,12 The role of trans fu sion ther apy in pri mary and sec ond ary 
clin i cal stroke pre ven tion and for man age ment of acute ische mic 
stroke is well stud ied in pedi at ric pop u la tions with SCD and is 
strongly recommended (Table 3).2,8 There are no stan dard tools 
to assess stroke risk in adults with SCD. The data on stroke pre-
ven tion in adults with SCD are lim ited, but cur rent guide lines 
rec om mend chronic trans fu sion ther apy for adults who have suf-
fered ische mic stroke due to SCD.8 Very lim ited data are avail  able 
to inform the use of trans fu sion ther apy in hem or rhagic stroke.8

The cur rent prac tice for pri mary stroke pre ven tion is to pro-
vide chronic trans fu sion to main tain HbS lev els <30% for patients 
at high risk for stroke. Chronic trans fu sion ther apy for pri mary 
stroke pre ven tion should con tinue for at least 1 year. After  
1 year, if TCD veloc i ties have nor mal ized and no silent strokes 
are iden ti fed, a grad ual tran si tion to hydroxy urea in patients 

Figure 1. Indications for transfusion of RBCs in SCD. The pathophysiology of SCD renders transfusions useful for many complications. 
Consideration of the clinical scenario for an individual patient is always important, especially for some (*) indications for transfusion.

Table 1. Indications for trans fu sion in SCD

Indication Type of trans fu sion

Acute trans fu sion indi ca tion
 Sy mptomatic ane mia: aplastic cri-

sis, acute splenic seques tra tion
Simple trans fu sion

 Acute clin i cal stroke or TIA Exchange trans fu sion

 Ac ute hepatic seques tra tion/ 
intrahepatic cho le sta sis

Simple or exchange trans fu sion

 ACS Simple or exchange trans fu sion

 Acute multiorgan fail ure Simple or exchange trans fu sion

 Pr eoperative (sur ger ies last ing > 
1 hour and require gen eral anes-
the sia)

Simple or exchange trans fu sion

 Pregnancy* Simple or exchange trans fu sion

Chronic trans fu sion indi ca tion
 Primary stroke pre ven tion Simple or exchange trans fu sion

 Secondary stroke pre ven tion Simple or exchange trans fu sion

 Recurrent VOC Simple or exchange trans fu sion

*Pregnant women with severe or fre quent SCD-related com pli ca tions or 
high-risk preg nancy.
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with out cere bral vasculopathy can be con sid ered with care-
ful mon i tor ing.13 For pre ven tion of recur rent stroke, indef  nite 
chronic trans fu sion ther apy to keep HbS <30% is recommended. 
Where chronic trans fu sion ther apy is not avail  able, espe cially in 
low- and mid dle-income countries, hydroxy urea should be pro-
vided for stroke pre ven tion to chil dren with an abnor mal TCD.14

When chil dren and adults with SCD pres ent with signs or 
symp toms concerning for acute ische mic stroke or tran sient 
ische mic attack (TIA), trans fu sion should be performed to 
achieve HbS <30%.1,8,15 Transfusion should be pro vided as soon 
as pos si ble and no more than 2 hours after pre sen ta tion. There 
have been no pro spec tive ran dom ized tri als com par ing sim ple 
trans fu sion and exchange trans fu sion in the treat ment of acute 
ische mic stroke. Exchange trans fu sion is often used because it 
can promptly reduce HbS to <30% while maintaining a sta ble 
blood vol ume (Table 1).4,8 A ret ro spec tive cohort study by Hul-
bert and col leagues dem on strated that using exchange trans-
fu sion at stroke pre sen ta tion was asso ci ated with a lower risk of 
sub se quent stroke com pared to sim ple trans fu sion.16 However, 
a sim ple trans fu sion can be given while prep a ra tions are being 
made for exchange trans fu sion. Once ische mic stroke is con-
frmed, chronic trans fu sion should be con tin ued long-term to 
pre vent recur rent stroke.

Silent cere bral infarc tion (silent stroke) is the most com-
mon neu ro log i cal injury in per sons with SCD, occur ring in 39% 
of chil dren with HbSS dis ease,15,17 and is asso ci ated with sig nif-
i cant mor bid ity. A recent meta-anal y sis exam ined 5 tri als, com-
par ing inter ven tions to pre vent silent stroke, and deter mined 
that in patients with abnor mal TCD, chronic trans fu sion ther apy 
may reduce the inci dence of silent stroke.18 Chronic trans fu sion 
ther apy is not expected to have an impact on the inci dence of 
silent stroke in chil dren with prior silent strokes or with nor mal/ 
con di tional TCDs.18 When silent stroke is iden ti fed by mag netic 
res o nance imag ing, trans fu sion ther apy should be discussed with 
the patient and fam ily.15

CLINICAL CASE (Con tin ued)
Jane remained in hema tol ogy care through out her child hood. 
After 6 years of chronic trans fu sion ther apy, she devel oped numer-
ous auto- and alloantibodies. Her TCD veloc i ties nor mal ized, and 

she was suc cess fully transitioned to hydroxy urea ther apy. She 
was pre par ing to head to col lege at the end of the sum mer. 
Following a sum mer send-off party, she presented to the hos pi-
tal with severe right upper quad rant pain. Jane described sharp, 
stab bing pain that devel oped a few hours after eat ing a cheese-
burger, potato salad, and ice cream. In the hos pi tal, an ultra sound 
was obtained and con frmed cho le li thi a sis. She was admit ted to 
the hos pi tal with a plan for a lap a ro scopic cho le cys tec tomy. On 
admis sion, her com plete blood count included the fol low ing: 
white blood cell count, 15.3 × 103/µL; Hb, 9.5 g/dL; mean cor pus-
cu lar vol ume, 105 fL; abso lute retic u lo cyte count, 358 × 103/µL. 
Amylase and lipase were within nor mal lim its. Remembering her 
his tory of antibodies, Jane inquired about the need for pre op er a-
tive trans fu sion. Because her Hb was above 9 g/dL, her med i cal 
team elected to forego pre op er a tive trans fu sion and to ensure 
ade quate hydra tion instead.

Preoperative trans fu sion
Patients with SCD often require cho le cys tec tomy, sple nec tomy, 
and/or ortho pe dic pro ce dures due to com pli ca tions of SCD. 
Unfortunately, these patients are at increased risk for post op er a-
tive com pli ca tions related to SCD. Acute chest syn drome (ACS) 
devel oped in 15.2% of pedi at ric patients with SCD under go ing 
sple nec tomy in 1 study and occurred in 5% of patients with SCD 
hav ing a lap a ro scopic cho le cys tec tomy in another. 19,20 Children 
who devel oped ACS fol low ing sple nec tomy had higher post op-
er a tive pain scores than those who did not.19 Planning for sur-
gery in this pop u la tion should involve com mu ni ca tion between 
anes the sia, sur gery, hema tol ogy, and trans fu sion med i cine.21 
Care should be taken to avoid trig gers for cri ses, which include 
phys i o log i cal stress, emo tional stress, acidemia, hyp oxia, and 
high blood vis cos ity. Perioperative fluid balance also needs to be 
care fully man aged to avoid intra cel lu lar dehy dra tion or vol ume 
over load.22

In the pre op er a tive set ting, the risks of trans fu sion need to be 
bal anced against the ben e fts of lower HbS and improved oxy gen- 
car ry ing capac ity. The Transfusion Alternatives Preoperatively in 
Sickle Cell Disease (TAPS) study aimed to assess the ben e fts of 
pro phy lac tic pre op er a tive trans fu sion with a goal Hb 10g/dL versus 
no trans fu sion in patients with HbSS or HbSβ⁰-thal as se mia sched-
uled for low- to medium-risk pro ce dures.23 TAPS dem on strated 

Table 2. Comparison between sim ple and exchange trans fu sion

Simple trans fu sion Exchange trans fu sion

Description •  Infuse donor blood with out 
remov ing patient’s blood

•  Remove patient’s blood dur ing or shortly before 
infus ing donor blood

• May be par tial or total exchange
• May be performed man u ally or via apher e sis

Indication/rec om men da tion • Acute ane mia
•  Acute com pli ca tions (ie, ACS) 

with Hb

•  Severe ACS fail ing to respond to sim ple  
trans fu sion

• Acute com pli ca tions with Hb ≥9 g/dL
•  Conditions requir ing reduced HbS per cent age 

(ie, stroke/stroke pre ven tion

Potential risks and/or lim i ta tions • Hyperviscosity
• Iron over load

•  Iron over load (less fre quent than sim ple  
trans fu sion)

• May require cen tral venous cath e ter
•  Requires spe cial ized equip ment and trained staff
• Costly (com pared to sim ple trans fu sion
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that 39% of those who were not trans fused had com pli ca tions 
versus 15% in the trans fused group (odds ratio, 3.8).23 Only 1 trans-
fused per son had alloimmunization as a result.23 When eval u at ing 
aggres sive (HbS <30%) com pared to conservative (Hb >10g/dL) 
target trans fu sions in the pre op er a tive set ting, a recent Cochrane 
review found no dif fer ences in perioperative or trans fu sion-related 
com pli ca tions but did fnd low-qual ity evi dence that pre op er a-
tive trans fu sion could reduce the risk of ACS.24 The National Heart, 
Lung, and Blood Institute, Amer i can Society of Hematology (ASH), 
and Brit ish guide lines con cur that per sons with SCD under go ing 
high-risk pro ce dures should be trans fused pre op er a tively but offer 
cave ats for var i ous clin i cal sce nar ios (Table 4).8,25,26

CLINICAL CASE (Con tin ued)
Jane remained hos pi tal ized for obser va tion fol low ing a suc cess-
ful cho le cys tec tomy. Unfortunately, she devel oped sig nif  cant 
post op er a tive pain. On post op er a tive day 2, she devel oped 
a fever to 102.5 °F and a new oxy gen require ment. A chest 
radio graph revealed a new right-lower-lobe con sol i da tion. Her 
oxy gen require ment rap idly increased from 2 to 5 L/min by 
nasal can nula. Laboratory eval u a tion con tin ued to show an Hb 
8.9 g/dL. Given her rap idly chang ing clin i cal sta tus, her med i cal 
team recommended exchange trans fu sion.

Acute chest syndrome
ACS is the most com mon cause of death in per sons with SCD. 
ACS occurs most fre quently in the pedi at ric pop u la tion but has 
highest mor tal ity among adults.27 ACS is defned as a new respi-
ra tory symp tom accom pa nied by fever and a new infl trate on 
chest radio graph. The phys i  ol ogy is usu ally mul ti fac to rial and 
may involve infec tion, ven ti la tion/per fu sion mis match due to 
fat embolism or the pres ence of sick led cells in the pul mo nary 
micro vas cu la ture, and/or atel ec ta sis. Although the cause of ACS 
is often unclear in all  age groups, infec tious causes are likely 
more com mon in chil dren, whereas non in fec tious causes are 
more com mon in adults.28

Transfusion can be an impor tant com po nent of treat ment for 
ACS (Figure 1). The infu sion of nonsickling cells has the poten tial 
to improve tis sue oxy gen a tion. In a ret ro spec tive cohort study 
reviewing data from the Pediatric Health Information System 
data base, the use of trans fu sion was asso ci ated with a shorter 
hos pi tal stay and with reduced 30-day ACS-related readmission 
(odds ratio, 0.60).29 Although mul ti ple Cochrane reviews and a 
Cochrane meta-anal y sis have failed to fnd suf f cient clin i cal trial 
evi dence to sup port the use of trans fu sions for ACS, mul ti ple 
guide lines and expert con sen sus state ments sup port the prac-
tice.24,30,31

The deci sion to use trans fu sion ther apy for ACS should be 
made on clin i cal grounds (Table 4). Transfusion is recommended 
for severe ACS or for patients with mild ACS and ane mia beyond 
their base line. Whereas chil dren are more likely to have an infec-
tious com po nent, Rees and col leagues spec u late that chil dren 
may be more likely to recover with out trans fu sion sup port than 
adults.5 Transfusion ther apy given early in the course of ACS is 
asso ci ated with a shorter clin i cal course and decreased mor bid-
ity.29 Several case reports and cohort stud ies sug gest that trans-
fu sions are use ful in improv ing ACS asso ci ated with SARS-CoV-2 
infec tion.32-35 Indeed, Strouse and col leagues found that dur ing 
the novel H1N1 virus pan demic in the US, chil dren with SCD who 
devel oped ACS required trans fu sion sup port more fre quently 
than dur ing sea sonal influ enza out breaks.36 This likely reflects the 
sever ity of ACS asso ci ated with H1N1 and now with SARS-CoV-2.

In low- and mid dle-income countries where reg u lar trans fu-
sion sup port may not be read ily avail  able, ACS remains a lead-
ing indi ca tion for trans fu sion. In a ret ro spec tive assess ment of 
trans fu sion prac tices at a sin gle insti tu tion in Yemen, ACS was 
the indi ca tion for trans fu sion for 11.3% of cases reviewed.37 
Chamba and col leagues reported their suc cess with man ual par-
tial exchange in man ag ing severe ACS in Tanzania.38 In Brazil, a 
review of 3 years of trans fu sion prac tices in the Recipient Epi-
demiology and Donor Evaluation Study cohort revealed ACS as 
the sec ond most com mon indi ca tion for trans fu sion fol low ing 
cen tral ner vous sys tem events.39

Transfusions for ACS in the acute set ting can be given as sim-
ple or exchange trans fu sion, depending upon the clin i cal con text 

Table 3. Clinical tri als on treat ment and pre ven tion of ische mic stroke in SCD patients

Clinical trial Description/out come

STOP 1 (Stroke Prevention Trial in Sickle Cell Anemia)52 Children with abnor mal TCD veloc i ties who received long-term chronic 
trans fu sion to main tain HbS.

STOP 2 Trial 53 Discontinuing chronic trans fu sion in chil dren with nor mal ized TCD led to 
increased rate of abnor mal TCD con ver sion and stroke. Therefore, the 
trial rec om mends con tinu ing trans fu sion ther apy even after TCD veloc-
i ties are nor mal.

TWiTCH (TCD With Transfusions Changing to Hydroxyurea)9 Hydroxyurea is noninferior to trans fu sion for pri mary stroke pre ven tion in 
chil dren with out cere bral vasculopathy or prior his tory of TIA who have 
received trans fu sion for at least 1 year. The opti mal dura tion of trans fu-
sion prior to switching to hydroxy urea has not been established.

SWiTCH (Stroke With Transfusion Changing to Hydroxyurea)54 Transfusion ther apy is more effec tive than hydroxy urea in reduc ing sec-
ond ary stroke in chil dren. The trial closed early because approx i ma tely 
10% of the patients treated with hydroxy urea/phle bot omy expe ri enced 
a sec ond stroke vs patients receiv ing chronic trans fu sion ther apy.

SIT (Silent Cerebral Infarct Transfusion Multi-Center Clinical Trial)7 Children with silent cere bral infarcts and nor mal or con di tional TCD 
veloc i ties who received chronic trans fu sion and maintained HbS.
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(Table 1). In patients with ACS and severe ane mia, 1 or more sim-
ple trans fu sions can be given prior to attempting exchange trans-
fu sion. In pedi at rics, given the com plex ity of plac ing cath e ters in 
some times small patients, patients are more likely to receive mul ti-
ple sim ple trans fu sions. Exchange trans fu sions are more com monly 
given for crit i cally ill patients or clin i cally wors en ing patients who 
have a high Hb level.4 Although some pro vid ers also use trans-
fu sions for the chronic man age ment of patients with recur rent, 
severe ACS, the evi dence to sup port this prac tice is weak.40

CLINICAL CASE (Con tin ued)
Following her com pli cated admis sion, Jane recov ered well and 
con tin ued to use hydroxy urea. She thrived as an out pa tient 
and in col lege. She returned for a fnal visit to her pedi at ric 
hema tol o gist as she pre pared to tran si tion to adult care. Jane 
asked about arti f cial blood sub sti tutes, given her mul ti ple allo-
antibodies, and the neces sity of trans fu sion when she became 
preg nant in the future.

Transfusion ther apy in preg nant women
Pregnancy in women with SCD is asso ci ated with an increased 
risk of mater nal and fetal com pli ca tions, includ ing mor tal ity, pre-
eclamp sia/eclamp sia, infec tion, mater nal throm bo sis, mater nal 
VOC/ACS, pre term labor, fetal intra uter ine growth restric tion, 
and small for ges ta tional age neo na tes.41 Care coor di na tion and 
fre quent sur veil lance for com pli ca tions are impor tant parts of 
man age ment, par tic u larly where resources are lim ited. A recent 

study dem on strated an 89.1% reduc tion in mater nal mor tal ity 
and a 62.2% reduc tion in peri na tal mor tal ity after implementing 
joint inpa tient and out pa tient reviews by an obste tri cian and 
hema tol o gist, a mul ti dis ci plin ary care team, pro to cols for the 
man age ment of ACS and VOC, and close fetal/mater nal sur veil-
lance in a low-resource set ting.42 A sys tem atic review and meta-
anal y sis of the avail  able stud ies in 2015 suggested that mater nal 
and neo na tal mor bid ity and mor tal ity may be reduced by a 
pro phy lac tic trans fu sion strat egy; how ever, this was based on 
a small num ber of stud ies.43 A ret ro spec tive review of 46 preg-
nan cies in 18 women with SCD suggested that early pro phy-
lac tic RBC exchange may have ben e f cial effects on reduc ing 
mater nal mor bid ity and improv ing neo na tal ges ta tional weight 
(>50th per cen tile) with low rates of alloimmunization (5.6%).44 
Nonetheless, there is insuf f cient evi dence at this time to rec om-
mend rou tine prophylactic simple or exchange RBC transfusion 
and prac tice varies widely. The ASH guide lines sug gest that pro-
phy lac tic trans fu sion be con sid ered for women with a his tory of 
severe SCD-related com pli ca tions prior to preg nancy (or dur ing 
a prior preg nancy) or those with addi tional high-risk preg nancy 
fea tures.25 The guide lines also sug gest ini ti at ing reg u lar trans fu-
sion if SCD-related com pli ca tions develop.25 The TAPS-2 study 
inves ti gat ing the uti li za tion of serial pro phy lac tic exchange 
trans fu sion in preg nant women with SCD is cur rently ongo ing 
and will hope fully pro vide much-needed answers in this area.45

Complications of trans fu sion
Alloimmunization occurs when antibodies against donor RBC 
anti gens develop, resulting in acute and delayed hemo lytic trans-

Table 4. Details of indi ca tions for trans fu sion from recent guide lines

NHLBI (2014)22 BSH (2017)7 and BJH (2018)37 ASH (2020)21

Perioperative trans fu sion •  In HbSS dis ease, goal Hb 10  g/dL 
prior to under go ing a sur gi cal 
pro ce dure with gen eral anes-
the sia.

•  In HbSS patients who require 
sur gery and have an Hb 
>8.5  g/dL with out trans fu sion, 
are on hydroxy urea, or need 
high-risk sur gery (eg, neu ro-
sur gery, prolonged anes the sia, 
car diac bypass), con sult a sickle 
cell expert.

•  In HbSC or HbSβ +-thal as se mia 
dis ease that requires a sur gi cal 
pro ce dure with gen eral anes the-
sia, con sult a sickle cell expert.

•  In HbSS dis ease, goal Hb 10  g/dL prior 
to under go ing a sur gi cal pro ce dure with 
gen eral anes the sia for low- or mod er ate-
risk sur gery.

•  In HbSS dis ease, full exchange trans-
fu sion, with a tar get HbS of <30%, for 
high-risk sur gery (major neu ro sur gery, 
car dio tho racic) and for those with a high 
risk of perioperative com pli ca tions (eg, 
severe organ dam age or a his tory of 
com pli ca tions).

•  In HbSC dis ease, give pre op er a tive 
trans fu sion prior to mod er ate- and high-
risk sur gery.

•  All other patients under go ing sur gery 
should be indi vid u ally assessed.

•  Consider sim ple trans fu sion for patients 
with Hb <9 g/dL.

•  If Hb >9 g/dL and exchange trans fu sion 
would delay the sur gery, it may be appro-
pri ate to pro ceed with sur gery but to plan 
a post op er a tive trans fu sion if needed.

•  For all  SCD, rec om mend pre-
op er a tive trans fu sion over no 
pre op er a tive trans fu sion in 
patients under go ing sur ger ies 
requir ing gen eral anes the sia 
and last ing more than 1 hour.

Symptomatic ACS with  
Hb 1 g/dL below base line

• Exchange or sim ple trans fu sion • Exchange or sim ple trans fu sion •  Automated RCE, man ual RCE, 
or sim ple trans fu sion

Symptomatic severe ACS 
(i.e., O2 sat u ra tion <90% 
with sup ple men tal oxy gen)

• Exchange trans fu sion • Exchange trans fu sion •  Automated RCE or man ual 
RCE over sim ple trans fu sion

BJH, British Journal of Haematology; BSH, British Society of Haematology; NHLBI, National Heart, Lung, and Blood Institute; RCE, red cell exchange.
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fu sion reac tions.2 Persons with SCD develop alloimmunization 
fol low ing blood trans fu sion at a higher rate than per sons with-
out SCD. The causes are mul ti fac to rial but include anti genic 
dif fer ences between per sons with SCD and blood donors.25,46 
In addi tion, per sons with SCD often require mul ti ple trans fu-
sions through out a life time, increas ing their expo sure to var i ous 
donors.9 To decrease both the rate of alloimmunization and the 
risk of sub se quent delayed hemo lytic trans fu sion reac tions, per-
sons with SCD must be trans fused with appro pri ately matched 
prod ucts. Multiple guide lines exist regard ing the uti li za tion of RBC 
trans fu sion in this pop u la tion.8,25,26 At a min i mum, per sons with 
SCD should receive Rh- (D, C/c, and E/e) and K-matched prod-
ucts due to the immu no ge nic ity of these anti gens.25 It should be 
noted that con ven tional sero logic phenotyping may fail to cor-
rectly clas sify indi vid u als with par tial anti gens. Thus, genotyping, 
par tic u larly for the iden ti f ca tion of Rh sys tem var i ants and GATA1 
muta tions, is suggested in some guide lines.9,25 Unfortunately, 
despite matching for Rh and K, some patients will still form allo-
antibodies. This occur rence was dem on strated in approx i ma tely 
30% of chron i cally trans fused chil dren with SCD.47 When this hap-
pens, the prac tice at our insti tu tion is to match for addi tional anti-
gens (Duffy, Kidd, S/s) in an effort to pre vent fur ther allo an ti body 
for ma tion. The appro pri ate selec tion of RBCs for trans fu sion will 
reduce the like li hood of forming alloantibodies, which can limit 
the effec tive ness and avail abil ity of future trans fu sions.

On rare occa sions, hyperhemolysis syn drome can occur 
due to alloimmunization. It can also occur in per sons with out 
a his tory of alloimmunization.2,9 Hyperhemolysis syn drome can 
be poten tially lethal because both the patient’s native RBCs 
and trans fused RBCs are simul ta neously destroyed, lead ing to 
severe ane mia.2,9 Hyperhemolysis syn drome is char ac ter ized by 
Hb below base line after trans fu sion with ele vated mark ers of 
hemo ly sis.48 Transfusion is avoided in patients with hyperhemo-
lysis syn drome unless abso lutely nec es sary because addi tional 
trans fu sion may exac er bate hemo ly sis and worsen ane mia, 
poten tially resulting in death.2,9 Other trans fu sion-related com-
pli ca tions include aller gic reac tions, trans fu sion-trans mit ted 
infec tions, and febrile non he mo lytic trans fu sion reac tions.

For indi vid u als receiv ing chronic trans fu sion, iron over load is 
a com mon com pli ca tion. It is often seen in indi vid u als receiv-
ing chronic sim ple trans fu sion. The approx i mate net iron load for 
patients with SCD receiv ing 10 to 15 mL/kg of RBC every 4 weeks 
is 0.25 to 0.42 mg/kg/d.49 To reduce the iron load, par tial man-
ual exchange, or phle bot omy of whole blood before trans fu sion, 
may be performed. Partial man ual exchange reduces the net 
iron load by 15% to 20% when com pared to sim ple trans fu sion.49 
Exchange trans fu sion can reduce the net iron by approx i ma tely 
85% when com pared to sim ple trans fu sion.49

Despite exchange trans fu sion sig nif  cantly reduc ing the net iron 
load, mon i tor ing for iron over load with serum fer ri tin and/or liver 
iron con tent (LIC) remains cru cial. A ret ro spec tive study by Fasano 
and col leagues observed that SCD patients receiv ing exchange 
trans fu sion had ele vated serum fer ri tin lev els and LIC.49 On sta ble 
iron che la tion ther apy, these patients had sta ble to decreased 
serum fer ri tin lev els and LIC that were sig nif  cantly lower than SCD 
patients receiv ing sim ple trans fu sion with iron che la tion ther apy.49

Hemoglobin-based oxy gen car ri ers
Transfusion ther apy may not be an option for all  per sons with 
SCD. This may be due to the for ma tion of sin gle or mul ti ple 

alloantibodies that limit the avail abil ity of com pat i ble RBCs, 
the devel op ment of hyperhemolysis, or patient refusal. Over  
20 years ago, a hemo glo bin-based oxy gen car rier (HBOC) was 
eval u ated and dem on strated improved exer cise tol er ance in 
per sons with SCD not in cri sis.50 To date, no HBOC has received 
US Food and Drug Administration approval. Associated adverse 
events include hyper ten sion, car diac arrhyth mias, myo car dial 
infarc tion, renal dam age, and mor tal ity.51 Currently, HBOC-201 
(Hemopure, HbO2 Therapeutics, Souderton, PA), a glu tar al de-
hyde-poly mer ized bovine Hb, is only avail  able in the US through 
clin i cal trial or expanded access.52 In recent years, case reports 
have described the suc cess ful use of HBOC-201 in the set tings 
of hyperhemolysis and alloimmunization as well as for Jeho vah’s 
Witnesses, though there were reports of hyper ten sion, ele-
vated liver enzymes, and met he mo glo bi ne mia.52-54 While HBOCs 
can help to avoid or replace trans fu sion, with out fur ther stud-
ies of safety and eff cacy and US Food and Drug Administration 
approval these agents will have lim ited avail abil ity.

Conclusion
SCD man i fests with a vari ety of clin i cal signs and symp toms, many 
of which may be alle vi ated by the trans fu sion of RBCs. While 
RBC trans fu sion is a crit i cal part of SCD man age ment, trans fu sion 
ther apy can have sig nif  cant con se quences. It is vital to care fully 
weigh the indi ca tions for trans fu sion prior to trans fus ing any per-
son with SCD. Several guide lines are avail  able to assist the clin-
i cal team in deci sion-mak ing in the set tings of stroke, ACS, and 
preg nancy and in the perioperative set ting. Even so, many of 
these guide lines note that evi dence remains lim ited, and addi-
tional stud ies are ongo ing to deter mine best prac tices.
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