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   Advances in the man age ment of sickle cell dis ease (SCD) have made it pos si ble for most female patients (whether 
homo zy gous or com pound het ero zy gous) to reach child bear ing age and become preg nant. However, even in the less 
symp tom atic forms of SCD a high risk of com pli ca tions dur ing preg nancy and the post par tum period can occur for both 
the mother (1 %  to 2 %  mor tal ity) and the fetus. Coordinated care from the obste tri cian and the sickle cell dis ease expert 
is essen tial, together with the active par tic i pa tion of the patient. Vaso - occlu sive com pli ca tions, such as vaso - occlu sive 
cri sis and acute chest syn drome, often increase in fre quency when hydroxy urea treat ment is interrupted. Obstetric com-
pli ca tions, such as pre - eclamp sia, fetal growth restric tion, and pre term deliv ery, are more com mon in women with SCD. 
Recent meta - anal y sis – based stud ies sup port pro phy lac tic trans fu sion. However, there have been no ran dom ized tri als 
assessing the ben e fi ts of pro phy lac tic trans fu sion. Given the known risk of trans fu sion com pli ca tions, includ ing delayed 
hemo lytic trans fu sion reac tion and hyperhemolysis, trans fu sion is not sys tem at i cally performed in preg nant women with 
SCD. We describe here a case - by - case approach to the man age ment of preg nancy in women with SCD based on the 
med i cal and trans fu sion his tory of each patient.  

   LEARNING OBJEC TIVES 
    •  Understand mater nal and fetal com pli ca tions dur ing preg nancy in SCD patients 
   •  Evaluate the trans fu sion risk in preg nant women with SCD 
   •  Learn how to man age treat ment and trans fu sion in preg nant patients with SCD  

  Introduction 
 During preg nancy, sickle cell dis ease (SCD) - related com
pli ca tions, vaso  occlu sive cri ses (VOCs), acute chest syn
drome (ACS), and infec tions increase in fre quency. The 
rates of obstet ric com pli ca tions, pre  eclamp sia, pre ma
tu rity, intra uter ine growth restric tion, and mor tal ity are 
sig nifi   cantly higher in women with SCD than in other 
preg nant women. 1  4  Transfusion (TF)/exchange TF and 
hydroxy urea (HU) are the 2 most com monly pre scribed 
pre ven ta tives and treat ments for vaso  occlu sive pro
cesses in patients with SCD. 2,5  HU is not recommended 
dur ing preg nancy and may be used only in spe cial 
cases. 6,7  There are not enough ran dom ized tri als assessing 
the ben e fi ts of pro phy lac tic exchange TF in preg nancy to 
rec om mend its sys tem atic use. 5,8  10  The risks of a delayed 
hemo lytic TF reac tion (DHTR) and alloimmunization must 
be con sid ered because DHTR is asso ci ated with sig nifi  

cant mor bid ity; TFs can not, there fore, be sys tem at i cally 
recommended. 11  13

 The Amer i can Society of Hematology (ASH) Expert 
Panel con cluded that the num ber of robust ran dom ized 
tri als is insuf fi  cient to rec om mend a sys tem atic pro phy
lac tic TF strat egy for preg nant women with SCD. Women 
with a his tory of severe com pli ca tions or comorbid con
di tions related to SCD (nephrop a thy) or a his tory of com
pli cated preg nan cies could undergo pro phy lac tic TF at 
reg u lar inter vals early in preg nancy. However, no thresh
old per cent age of sickle cell Hb (HbS) has been estab
lished as a tar get for TF. 

 DHTR is a severe TF com pli ca tion diag nosed by the rapid 
dis ap pear ance of trans fused red blood cells (RBCs). The 
diag no sis is made a few days after a TF with a drop in Hb 
and an increase in hemo ly sis mark ers, often  accom pa nied 
by a vaso  occlu sive com pli ca tion. The diag no sis can also 
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be made by mon i tor ing HbA, which rep re sents the TF and dis
ap pears in 2 forms: “mild DHTR” and “DHTR or hyperhemolysis,” 
according to the Mekontso nomo gram (Visual Summary).14

Patients at risk of DHTR are iden ti fied using the DHTR risk 
score devel oped by Narbey et al.15 This score is based on the 
num ber of RBCs received in the patient’s life time, the pres ence 
of alloimmunization, and the patient’s his tory of DHTR. Based on 
this risk, patients can be iden ti fied as “high respond ers” (patients 
with alloimmunization after a few TFs) and “low respond ers” 
(patients with no immu no log i cal reac tion to TFs).14,15 Patients 
with a his tory of DHTR have a risk score for DHTR greater than 8 
and are con sid ered high respond ers with a greater risk of DHTR 
recur rence, which is fatal in 6% of cases (Figure 1).13 TFs should be 
lim ited as much as pos si ble. Patients with a low DHTR risk score 
(<8) can undergo TF with no major risk, and patients who have 
received too few TFs or have under gone TF with out anti body 
track ing are con sid ered to be at risk because it can not be deter
mined whether they are high or low respond ers. Such patients 
are 8 times more likely to develop DHTR.14,16

Using clin i cal cases, we attempt to refine the deci sion 
mak ing pro cess based on TF risk anal y sis and the algo rithms 
published in the ASH guide lines (Figure 1).

CLINICAL CASE 1

A 26yearold woman with homo zy gous SCD was followed 
for preg nancy. Her basal hemo glo bin (Hb) level was 8  g/dL, 
with approx i ma tely 3 VOCs per year and a his tory of 2 inten
sive care unit (ICU) admis sions for ACS requir ing TF with RBCs. 
HU treat ment was ini ti ated after her first hos pi tal i za tion for 
ACS. She had received 45 RBC units dur ing her life time, with

out alloimmunization. The patient had no chronic lesions other 
than min i mal microalbuminuria treated with an angio ten sin 
converting enzyme inhib i tor (this treat ment was stopped dur
ing preg nancy). The patient’s obstet ric his tory included only 
1 early spon ta ne ous mis car riage. HU treat ment was stopped 
when the preg nancy was detected, and the patient was placed 
on a 6weekly erythrocytapheresis pro gram. No epi sodes of 
VOC or DHTR occurred dur ing the preg nancy. The hema tol o
gist and obste tri cian vis ited the patient alter nately, at 2week 
inter vals. Proteinuria did not increase (pro tein uria/creatininuria 
<50  mg/mmol), and blood pres sure remained nor mal. Fetal 
growth was mon i tored monthly, with bio met rics between the 
10th and 20th per cen tiles. It was decided to induce labor after 
cer vi cal prep a ra tion with pros ta glan dins at 38 weeks and 1 day. 
Epidural anes the sia was induced before arti fi cial rup ture of the 
mem branes and oxy to cin infu sion. The patient spon ta ne ously 
deliv ered a boy weighing 2705 g. Postpartum blood loss was 
esti mated at 300 mL. The patient decided not to breastfeed in 
order to resume treat ment with HU. No VOCs occurred dur ing 
the post par tum period, Hb lev els remained under con trol at 
7.4  g/dL, and the patient was discharged home after 1 week.

Questions raised by this case: why was the deci sion to 
trans fuse taken so early? The patient was con sid ered a low 
responder with a very low TF risk, (DHTR risk score <8). She had 
already received a large num ber of RBC units with out becom ing 
alloimmunized or suf fer ing any other adverse event. It was there
fore con sid ered rea son able to ini ti ate an effec tive treat ment, 
such as erythrocytapheresis or par tial exchange (depending on 
the patient’s venous cap i tal) as soon as pos si ble after stop ping 
HU treat ment. The patient’s microalbuminuria con sti tuted an 
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addi tional risk fac tor for obstet ric com pli ca tions, fur ther jus ti fy
ing the deci sion to trans fuse.2

CLINICAL CASE 2
Mrs. B, a 28yearold woman with homo zy gous SCD, was fol
lowed for preg nancy. Her base line Hb level was 8  g/dL. She 
had 1 to 2 VOCs per year and had never been hos pi tal ized 
for ACS. She had received only 6 RBC units dur ing her life
time and was alloimmunized, with antiJkb anti body detected 
at the last TF. The patient had no car diac or neu ro log i cal his
tory but had been treated for pro lif er a tive ret i nop a thy 1 year 
before the preg nancy. The patient reported a pregnancy ter
mination for medical reason. The preg nancy that followed 
was spon ta ne ous. HU treat ment was stopped as soon as the 
preg nancy was dis cov ered. The patient was hos pi tal ized for  
1 day for a VOC at 12 weeks’ ges ta tion. A sec ond hos pi tal i za tion 
for a VOC occurred at 14 weeks’ ges ta tion, by which time the 
patient’s Hb con cen tra tion had fallen to 5.1  g/dL. The patient 
received a TF of 2 RBC units in the emer gency depart ment in 
accor dance with the stan dard phenotyping pro to col for RBCs. 
After TF the patient had an HbA level of 36%. One week later, 
she was readmitted to the hos pi tal for a third VOC with dark 
urine and high lac tate dehy dro ge nase lev els. The patient’s HbA 
level decreased to 15%, and her Hb con cen tra tion was 6  g/dL; a 
diag no sis of DHTR was retained (Figure 2). The patient required 
no spe cific treat ment for DHTR other than eryth ro poi e tin (EPO) 
and iron. Twenty days after the TF, the patient’s HbA level had 
fallen to 0%, and a non spe cific anti body was detected.

At 19 weeks’ ges ta tion, the patient was hos pi tal ized for a 
fourth VOC and admit ted to the ICU for ACS with out asso ci ated 
pul mo nary embolism. HU treat ment was ini ti ated at 20 weeks’ 
ges ta tion. The preg nancy was also char ac ter ized by vas cu lar 

growth retar da tion (third per cen tile) at 25 weeks’ ges ta tion, 
followed by preeclamp sia diag nosed at 30 weeks and 1 day. 
The patient did not receive ante na tal cor ti co ste roids because 
of the risk of VOC and ACS. It was decided to per form a cesar
ean deliv ery at 34 weeks and 5 days due to abnormal fetal heart 
rate. The cesar ean was performed under spi nal anes the sia, and a 
boy weighing 1735  g was deliv ered and imme di ately trans ferred 
to the neo na tal ICU. The patient had another VOC on post par
tum day 2 but did not require TF. She chose not to breastfeed in 
order to con tinue treat ment with HU.

Questions raised by this case: why was the deci sion to trans
fuse made so late? The patient was con sid ered a high responder 
with a high risk of DHTR (few TFs and prior alloimmunization). It 
was there fore decided not to trans fuse early. TF was performed 
when the patient was admit ted to the emer gency depart ment 
for a VOC. The inter rup tion of HU treat ment led to a recur rence 
of VOC and hos pi tal i za tion. We were forced to man age the 
recent DHTR in this patient with out the pos si bil ity of TF. HU with 
or with out EPO is a real alter na tive in such patients. For patients 
with a his tory of DHTR, dis cus sions can be held in advance to 
deter mine the true fea si bil ity of TF in an emer gency sit u a tion 
(the avail abil ity of fro zen or liq uidphase units or the unavail abil
ity of com pat i ble RBC units) and the tim ing of immu no ther apy, 
such as rituximab before TF (offlabel).1619

Background and cur rent knowl edge about  
preg nancy in SCD patients
Improvements in the effec tive ness of care for women with SCD 
have made it pos si ble for many of them to become moth ers, 
whereas in pre vi ous decades preg nancy was not recommended 
or was asso ci ated with very highrisk mor tal ity rates.4 However, 
the risk of mater nal death remains 50 times higher in these 
women than in the gen eral pop u la tion (Figure 3).2,20 Obstetric 
risks include pre term deliv ery, which has been reported in 9% 
to 45% of preg nan cies in women with SCD, depending on the 

Figure 2. MekontsoDessap nomogram confirms the diagnosis of DHTR.
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series con sid ered.1,2,4,8,21 Several social and obstet ric fac tors may 
account for the high risk of pre term deliv ery, includ ing infec
tions, par tic u larly those affect ing the uri nary tract. It is impor tant 
to ensure that patients receive appro pri ate doses of anti bi ot ics 
rel a tive to their glo mer u lar fil tra tion rate. Razazi et al. showed 
that plasma anti bi otic lev els were very low in patients with glo
mer u lar hyperfiltration and that young SCD patients often had 
high glo mer u lar fil tra tion rates.22

Preeclamp sia is much more com mon in SCD patients than 
in the gen eral pop u la tion, occur ring in 13% to 30% of preg nan
cies in women with SCD, vs only 2% to 5% of preg nan cies in the 
gen eral pop u la tion.3,23,24 Preexisting mater nal endo the lial dys
func tion and early pla cen ta tion abnor mal i ties account for this 
high inci dence.

The inci dence of fetal growth retar da tion ranges from 8% 
to 21%, depending on the study, and increases the like li hood of 
induced pre term birth and the risk of fetal or neo na tal death.1,2 
This growth retar da tion may be due to chronic fetal hyp oxia and 
rhe o log i cal abnor mal i ties of mater nal red blood cells in the pla
centa, as pla cen tal lesions are often found on pathol ogy exam
i na tion. Cordier et al recently showed that the pla cen tal villi 
of moth ers with SCD were thin ner than those of con trols and 
that the rate of fibri noid necro sis was higher in these moth ers, 
who also had over abun dant syn cy tial gan glia.18 Mifsud reported 
patchy pla cen tal infarc tion and fetal growth restric tion rel a tive 
to con trols.25 The risk of fetal death is higher in this pop u la tion 
than in the gen eral pop u la tion (14%). The causes of this higher 
risk remain unclear, but the risk appears to be highest dur ing 
the third tri mes ter.23 Women with SCD undergo phys i o log i cal 
changes dur ing preg nancy, with increases in both ane mia rates 
and car diac out put. Special atten tion must be paid to car diac 
ultra sound find ings for these patients.2,26

More than 50% of preg nan cies in women with SCD end in 
cesar ean deliv ery.1,2,15 This high rate of cesar ean deliv ery is due to 
a com bi na tion of sev eral hema to logic and obstet ric risk fac tors, 
includ ing a higher inci dence of fetal growth restric tion and pre

eclamp sia and induced labor. The inci dence of ACS increases in 
the post par tum period, and cli ni cians must be par tic u larly atten
tive to the pos si bil ity of this com pli ca tion.1,27

How should treat ment be man aged?
A large pro por tion of women with SCD are on HU treat ment 
due to acute com pli ca tions, such as VOC or ACS. Given the 
small num ber of pub li ca tions on HU expo sure dur ing preg
nancy, evi dence on its safety is lim ited, and cur rent rec om
men da tions state that HU treat ment should be stopped 3 to 
6 months before con cep tion. HU is known to be ter a to genic 
in ani mals, espe cially dur ing the first tri mes ter of preg nancy, 
but the doses used in ani mal stud ies are very dif fer ent from 
those used in human treat ment.6 Kroner et al performed a 
ret ro spec tive mul ti cen ter study of 1788 preg nan cies, 241 of 
which were exposed to HU.7 Hydroxyurea increased the rate 
of spon ta ne ous abor tion and fetal death in utero when used 
just before and dur ing early preg nancy, whereas the use of 
HU in the sec ond and third tri mes ters appeared to improve 
preg nancy out comes.7 However, TFs and their effect were not 
con sid ered in this study. The ESCORTHU study, a Euro pean 
pro spec tive mul ti cen ter study of a cohort of 1960 patients, 
found no evi dence of ter a to ge nic ity in the 110 preg nan cies 
most exposed in the first tri mes ter to HU. Additionally, the 
rate of mis car riage was sim i lar to that in the gen eral pop u la
tion, and obstet ri cal com pli ca tions were sim i lar to published 
inci dence of com pli ca tions in SCD women. However, these 
stud ies do not pro vide suf fi cient evi dence to rec om mend the 
sys tem atic use of HU dur ing preg nancy.6

Transfusion and its risks
Most SCD patients have under gone TF/exchange TF pro ce dures 
dur ing their life time, regard less of the region or coun try in which 
they live. Several groups have reported the use of TF or exchange 
TF dur ing preg nancy but not in ran dom ized tri als.7,15 A sys tem
atic review and metaanal y sis suggested that  pro phy lac tic TF 
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 strat e gies may reduce mater nal and neo na tal mor bid ity and 
mor tal ity.7 In addi tion, sev eral groups have shown that TFs can 
effec tively reduce the inci dence of vasoocclu sive com pli ca
tions, such as VOC and ACS dur ing preg nancy.5,8,10,23 When cli
ni cians are con sid er ing the pos si bil ity of TF, they must take into 
account the risk of DHTR and alloimmunization asso ci ated with 
TF.13 The detec tion of pla cen tal abnor mal i ties may lead to a deci
sion to use TF in the early stages of preg nancy, dur ing pla cen tal 
devel op ment, to improve blood cir cu la tion.23,27 In most of the 
stud ies reporting no obstet ric ben e fit of TF, exchanges were not 
ini ti ated dur ing the first tri mes ter of preg nancy.5,15 Knowledge of 
a patient’s TF his tory is a key ele ment to take into account when 
deter min ing the risk/ben e fit ratio and decid ing whether or not 
to pro ceed with TF. The indi ca tions for TF have changed sig nif
i cantly with improve ments in our under stand ing of TF com pli
ca tions, includ ing DHTR in par tic u lar. The immu no he ma to log i cal 
fol lowup of patients remains an impor tant issue due to the eva
nes cence and sec ond ary dis ap pear ance of antibodies detected 
at a given time.8,10,21 RBCs must be com pat i ble for Rh and Kell  
phe no types, tak ing into account the patient’s his tory of  
TFrelated antibodies. TF pro to cols are con tin u ally updated 
according to the patient’s immu no he ma to log i cal sta tus.1416 In a 
series of 99 cases of DHTR, 31% of affected patients were preg
nant women.3 In this study performed between 2000 and 2013, 
patients were trans fused sys tem at i cally from the 22nd week 
of preg nancy, regard less of the patient’s TF his tory or num
ber of pre vi ous TFs.15 Narbey et al attempted to iden tify risk 
fac tors for DHTR and found that patients who had pre vi ously 
received fewer than 12 RBC units were at risk because their 
low or highresponder sta tus could not be deter mined.9 Other 
risk fac tors iden ti fied were a his tory of DHTR or alloimmuniza
tion.9 Bauer et al reported an excess risk of alloimmunization 
in preg nant women.11 Based on the recent study by Floch et al 
show ing that the major ity of alloimmunizations of inter est occur 
before the TF of 20 RBC units and the lat est guide lines for the 
pre ven tion of alloimmunization, we rec om mend the approach 
described in Figure 1.28

TFs: who should receive them, when and how?
When assessing the risk of alloimmunization and hemo ly sis, 
patients can be clas si fied into 4 groups (Figure 1:

1) Patients who have received more than 20 RBC units with
out adverse effects: These patients can be trans fused 
 according to the usual indi ca tions and rec om men da tions. 
Patients treated with HU can be trans fused as soon as HU is 
stopped, and patients with out HU treat ment can be trans
fused at the first sign of a clin i cal or bio log i cal prob lem or 
according to their his tory.11

2) Alloimmunized patients with no his tory of DHTR who have 
received more than 20 RBC units with no adverse event can 
undergo TF at the time of preg nancy detec tion if they were 
on HU treat ment. TF can also be ini ti ated for patients not on 
HU treat ment at the time of preg nancy diag no sis or at the 
first sign of a clin i cal or bio log i cal prob lem.15,16

3) Patients with a his tory of DHTR: These patients are at high 
risk of DHTR if they undergo TF. If they are already on HU 
treat ment, it is prob a bly advis able to con tinue treat ment, 
as vasoocclu sive com pli ca tions may be more fre quent if 
this treat ment has already been pre scribed. For patients 

not already on HU, this treat ment should be ini ti ated at 
the first clin i cal and lab o ra tory signs of com pli ca tions. EPO 
may also be used to treat ane mia. The indi ca tions for TF 
in these patients are very lim ited. If an acute com pli ca
tion ren ders TF unavoid able, patients should receive pri
or immu no ther apy (antiCD20 anti body “offlabel”), and 
TFspar ing mea sures (HU and highdose EPO) can be im
plemented. The recommended TF pro to col includes pro
phy lac tic expanded phe no type (FY, JK, MNS) matching for 
RBCs, regard less of the patient’s alloimmunization sta tus, 
and tak ing known antibodies into account. Outside the 
con text of lifethreat en ing emer gen cies, deci sions about 
TF should be made in col lab o ra tion with experts and the 
TF cen ter.10-13,22

4) Patients who have received very few TFs (<20 RBC units) 
or who have been trans fused with out anti body trace abil ity: 
In these patients, the risk/ben e fit ratio of TF must be care
fully eval u ated due to the absence of infor ma tion about re
sponder sta tus and the like li hood of TF reac tions. In such 
cases, we rec om mend pro phy lac tic extended phe no type 
(FY, JK, MNS) matching for RBCs, with weekly mon i tor ing 
of HbA lev els to mon i tor effi cacy and the use of Mekont
so nomo grams to detect mild DHTR.29 In case of com pli ca
tions, it should be borne in mind that DHTR remains a rare 
event and that TFs can be help ful. Finally, very com plex sit
u a tions may arise in patients with a rare blood phe no type 
who are also alloimmunized. In such cases the TF strat egy 
must be discussed by a mul ti dis ci plin ary team. Decisions 
depend on the resources avail  able in the national rare blood 
bank, but alter na tives to TF may be con sid ered (HU, EPO). 
In all  cases, TF per for mance should be mon i tored for up to 1 
month by deter min ing the per cent age of HbA and through 
TF screen ing tests.14,29

Other actions: The National Institutes of Health rec om mends 
aspi rin treat ment, at a dose of 160 mg per night, in preg nant 
women with SCD.2,30 Ribeil et al showed, in a ret ro spec tive 
study, that home oxy gen ther apy at night may be safe and 
may reduce the need for TF.12 The results of a ran dom ized trial 
of oxy gen ther apy are cur rently being ana lyzed. Teratogenic 
treat ments, such as iron che la tors and enzyme con ver sion 
inhib i tors, are gen er ally discontinued dur ing preg nancy in 
accor dance with rec om men da tions.

Conclusion
Pregnancy is a highrisk period for both mother and fetus, but 
TFs can pro vide pro tec tion if the risk of DHTR is low. The alter
na tive to TF in patients with a his tory of DHTR is HU. In other 
cases, the ASH Expert Panel con cluded that each case should be 
discussed indi vid u ally to ensure the most appro pri ate deci sion 
is made. Collaboration between the hema tol o gist, obste tri cian, 
TF cen ter, and anes the si  ol o gist is crit i cal in the man age ment of 
preg nant women with SCD.
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