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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 monitoring HbA, which represents the TF and dis­
appears in 2 forms: “mild DHTR” and “DHTR or hyperhemolysis,” 
according to the Mekontso nomogram (Visual Summary).14

Patients at risk of DHTR are identified using the DHTR risk 
score developed by Narbey et al.15 This score is based on the 
number of RBCs received in the patient’s lifetime, the presence 
of alloimmunization, and the patient’s history of DHTR. Based on 
this risk, patients can be identified as “high responders” (patients 
with alloimmunization after a few TFs) and “low responders” 
(patients with no immunological reaction to TFs).14,15 Patients 
with a history of DHTR have a risk score for DHTR greater than 8 
and are considered high responders with a greater risk of DHTR 
recurrence, which is fatal in 6% of cases (Figure 1).13 TFs should be 
limited as much as possible. 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 undergone TF without antibody 
tracking are considered to be at risk because it cannot be deter­
mined whether they are high or low responders. Such patients 
are 8 times more likely to develop DHTR.14,16

Using clinical cases, we attempt to refine the decision- 
making process based on TF risk analysis and the algorithms 
published in the ASH guidelines (Figure 1).

CLINICAL CASE 1

A 26-year-old woman with homozygous SCD was followed 
for pregnancy. Her basal hemoglobin (Hb) level was 8  g/dL, 
with approximately 3 VOCs per year and a history of 2 inten­
sive care unit (ICU) admissions for ACS requiring TF with RBCs. 
HU treatment was initiated after her first hospitalization for 
ACS. She had received 45 RBC units during her lifetime, with­

out alloimmunization. The patient had no chronic lesions other 
than minimal microalbuminuria treated with an angiotensin 
converting enzyme inhibitor (this treatment was stopped dur­
ing pregnancy). The patient’s obstetric history included only 
1 early spontaneous miscarriage. HU treatment was stopped 
when the pregnancy was detected, and the patient was placed 
on a 6-weekly erythrocytapheresis program. No episodes of 
VOC or DHTR occurred during the pregnancy. The hematolo­
gist and obstetrician visited the patient alternately, at 2-week 
intervals. Proteinuria did not increase (proteinuria/creatininuria 
<50  mg/mmol), and blood pressure remained normal. Fetal 
growth was monitored monthly, with biometrics between the 
10th and 20th percentiles. It was decided to induce labor after 
cervical preparation with prostaglandins at 38 weeks and 1 day. 
Epidural anesthesia was induced before artificial rupture of the 
membranes and oxytocin infusion. The patient spontaneously 
delivered a boy weighing 2705 g. Postpartum blood loss was 
estimated at 300 mL. The patient decided not to breastfeed in 
order to resume treatment with HU. No VOCs occurred during 
the postpartum period, Hb levels remained under control at 
7.4  g/dL, and the patient was discharged home after 1 week.

Questions raised by this case: why was the decision to 
transfuse taken so early? The patient was considered a low 
responder with a very low TF risk, (DHTR risk score <8). She had 
already received a large number of RBC units without becoming 
alloimmunized or suffering any other adverse event. It was there­
fore considered reasonable to initiate an effective treatment, 
such as erythrocytapheresis or partial exchange (depending on 
the patient’s venous capital) as soon as possible after stopping 
HU treatment. The patient’s microalbuminuria constituted an 
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additional risk factor for obstetric complications, further justify­
ing the decision to transfuse.2

CLINICAL CASE 2
Mrs. B, a 28-year-old woman with homozygous SCD, was fol­
lowed for pregnancy. Her baseline Hb level was 8  g/dL. She 
had 1 to 2 VOCs per year and had never been hospitalized 
for ACS. She had received only 6 RBC units during her life­
time and was alloimmunized, with anti-Jkb antibody detected 
at the last TF. The patient had no cardiac or neurological his­
tory but had been treated for proliferative retinopathy 1 year 
before the pregnancy. The patient reported a pregnancy ter­
mination for medical reason. The pregnancy that followed 
was spontaneous. HU treatment was stopped as soon as the 
pregnancy was discovered. The patient was hospitalized for  
1 day for a VOC at 12 weeks’ gestation. A second hospitalization 
for a VOC occurred at 14 weeks’ gestation, by which time the 
patient’s Hb concentration had fallen to 5.1  g/dL. The patient 
received a TF of 2 RBC units in the emergency department in 
accordance with the standard phenotyping protocol for RBCs. 
After TF the patient had an HbA level of 36%. One week later, 
she was readmitted to the hospital for a third VOC with dark 
urine and high lactate dehydrogenase levels. The patient’s HbA 
level decreased to 15%, and her Hb concentration was 6  g/dL; a 
diagnosis of DHTR was retained (Figure 2). The patient required 
no specific treatment for DHTR other than erythropoietin (EPO) 
and iron. Twenty days after the TF, the patient’s HbA level had 
fallen to 0%, and a nonspecific antibody was detected.

At 19 weeks’ gestation, the patient was hospitalized for a 
fourth VOC and admitted to the ICU for ACS without associated 
pulmonary embolism. HU treatment was initiated at 20 weeks’ 
gestation. The pregnancy was also characterized by vascular 

growth retardation (third percentile) at 25 weeks’ gestation, 
followed by pre-eclampsia diagnosed at 30 weeks and 1 day. 
The patient did not receive antenatal corticosteroids because 
of the risk of VOC and ACS. It was decided to perform a cesar­
ean delivery at 34 weeks and 5 days due to abnormal fetal heart 
rate. The cesarean was performed under spinal anesthesia, and a 
boy weighing 1735  g was delivered and immediately transferred 
to the neonatal ICU. The patient had another VOC on postpar­
tum day 2 but did not require TF. She chose not to breastfeed in 
order to continue treatment with HU.

Questions raised by this case: why was the decision to trans­
fuse made so late? The patient was considered a high responder 
with a high risk of DHTR (few TFs and prior alloimmunization). It 
was therefore decided not to transfuse early. TF was performed 
when the patient was admitted to the emergency department 
for a VOC. The interruption of HU treatment led to a recurrence 
of VOC and hospitalization. We were forced to manage the 
recent DHTR in this patient without the possibility of TF. HU with 
or without EPO is a real alternative in such patients. For patients 
with a history of DHTR, discussions can be held in advance to 
determine the true feasibility of TF in an emergency situation 
(the availability of frozen or liquid-phase units or the unavailabil­
ity of compatible RBC units) and the timing of immunotherapy, 
such as rituximab before TF (off-label).16-19

Background and current knowledge about  
pregnancy in SCD patients
Improvements in the effectiveness of care for women with SCD 
have made it possible for many of them to become mothers, 
whereas in previous decades pregnancy was not recommended 
or was associated with very high-risk mortality rates.4 However, 
the risk of maternal death remains 50 times higher in these 
women than in the general population (Figure 3).2,20 Obstetric 
risks include preterm delivery, which has been reported in 9% 
to 45% of pregnancies in women with SCD, depending on the 

Figure 2. Mekontso-Dessap nomogram confirms the diagnosis of DHTR.
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series considered.1,2,4,8,21 Several social and obstetric factors may 
account for the high risk of preterm delivery, including infec­
tions, particularly those affecting the urinary tract. It is important 
to ensure that patients receive appropriate doses of antibiotics 
relative to their glomerular filtration rate. Razazi et al. showed 
that plasma antibiotic levels were very low in patients with glo­
merular hyperfiltration and that young SCD patients often had 
high glomerular filtration rates.22

Pre-eclampsia is much more common in SCD patients than 
in the general population, occurring in 13% to 30% of pregnan­
cies in women with SCD, vs only 2% to 5% of pregnancies in the 
general population.3,23,24 Preexisting maternal endothelial dys­
function and early placentation abnormalities account for this 
high incidence.

The incidence of fetal growth retardation ranges from 8% 
to 21%, depending on the study, and increases the likelihood of 
induced preterm birth and the risk of fetal or neonatal death.1,2 
This growth retardation may be due to chronic fetal hypoxia and 
rheological abnormalities of maternal red blood cells in the pla­
centa, as placental lesions are often found on pathology exam­
ination. Cordier et al recently showed that the placental villi 
of mothers with SCD were thinner than those of controls and 
that the rate of fibrinoid necrosis was higher in these mothers, 
who also had overabundant syncytial ganglia.18 Mifsud reported 
patchy placental infarction and fetal growth restriction relative 
to controls.25 The risk of fetal death is higher in this population 
than in the general population (1-4%). The causes of this higher 
risk remain unclear, but the risk appears to be highest during 
the third trimester.23 Women with SCD undergo physiological 
changes during pregnancy, with increases in both anemia rates 
and cardiac output. Special attention must be paid to cardiac 
ultrasound findings for these patients.2,26

More than 50% of pregnancies in women with SCD end in 
cesarean delivery.1,2,15 This high rate of cesarean delivery is due to 
a combination of several hematologic and obstetric risk factors, 
including a higher incidence of fetal growth restriction and pre-

eclampsia and induced labor. The incidence of ACS increases in 
the postpartum period, and clinicians must be particularly atten­
tive to the possibility of this complication.1,27

How should treatment be managed?
A large proportion of women with SCD are on HU treatment 
due to acute complications, such as VOC or ACS. Given the 
small number of publications on HU exposure during preg­
nancy, evidence on its safety is limited, and current recom­
mendations state that HU treatment should be stopped 3 to 
6 months before conception. HU is known to be teratogenic 
in animals, especially during the first trimester of pregnancy, 
but the doses used in animal studies are very different from 
those used in human treatment.6 Kroner et al performed a 
retrospective multicenter study of 1788 pregnancies, 241 of 
which were exposed to HU.7 Hydroxyurea increased the rate 
of spontaneous abortion and fetal death in utero when used 
just before and during early pregnancy, whereas the use of 
HU in the second and third trimesters appeared to improve 
pregnancy outcomes.7 However, TFs and their effect were not 
considered in this study. The ESCORT-HU study, a European 
prospective multicenter study of a cohort of 1960 patients, 
found no evidence of teratogenicity in the 110 pregnancies 
most exposed in the first trimester to HU. Additionally, the 
rate of miscarriage was similar to that in the general popula­
tion, and obstetrical complications were similar to published 
incidence of complications in SCD women. However, these 
studies do not provide sufficient evidence to recommend the 
systematic use of HU during pregnancy.6

Transfusion and its risks
Most SCD patients have undergone TF/exchange TF procedures 
during their lifetime, regardless of the region or country in which 
they live. Several groups have reported the use of TF or exchange 
TF during pregnancy but not in randomized trials.7,15 A system­
atic review and meta-analysis suggested that prophylactic TF 
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strategies may reduce maternal and neonatal morbidity and 
mortality.7 In addition, several groups have shown that TFs can 
effectively reduce the incidence of vaso-occlusive complica­
tions, such as VOC and ACS during pregnancy.5,8,10,23 When cli­
nicians are considering the possibility of TF, they must take into 
account the risk of DHTR and alloimmunization associated with 
TF.13 The detection of placental abnormalities may lead to a deci­
sion to use TF in the early stages of pregnancy, during placental 
development, to improve blood circulation.23,27 In most of the 
studies reporting no obstetric benefit of TF, exchanges were not 
initiated during the first trimester of pregnancy.5,15 Knowledge of 
a patient’s TF history is a key element to take into account when 
determining the risk/benefit ratio and deciding whether or not 
to proceed with TF. The indications for TF have changed signif­
icantly with improvements in our understanding of TF compli­
cations, including DHTR in particular. The immunohematological 
follow-up of patients remains an important issue due to the eva­
nescence and secondary disappearance of antibodies detected 
at a given time.8,10,21 RBCs must be compatible for Rh and Kell  
phenotypes, taking into account the patient’s history of  
TF-related antibodies. TF protocols are continually updated 
according to the patient’s immunohematological status.14-16 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 transfused systematically from the 22nd week 
of pregnancy, regardless of the patient’s TF history or num­
ber of previous TFs.15 Narbey et al attempted to identify risk 
factors for DHTR and found that patients who had previously 
received fewer than 12 RBC units were at risk because their 
low- or high-responder status could not be determined.9 Other 
risk factors identified were a history of DHTR or alloimmuniza­
tion.9 Bauer et al reported an excess risk of alloimmunization 
in pregnant women.11 Based on the recent study by Floch et al 
showing that the majority of alloimmunizations of interest occur 
before the TF of 20 RBC units and the latest guidelines for the 
prevention of alloimmunization, we recommend the approach 
described in Figure 1.28

TFs: who should receive them, when and how?
When assessing the risk of alloimmunization and hemolysis, 
patients can be classified into 4 groups (Figure 1:

1)  Patients who have received more than 20 RBC units with­
out adverse effects: These patients can be transfused 
according to the usual indications and recommendations. 
Patients treated with HU can be transfused as soon as HU is 
stopped, and patients without HU treatment can be trans­
fused at the first sign of a clinical or biological problem or 
according to their history.11

2)  Alloimmunized patients with no history of DHTR who have 
received more than 20 RBC units with no adverse event can 
undergo TF at the time of pregnancy detection if they were 
on HU treatment. TF can also be initiated for patients not on 
HU treatment at the time of pregnancy diagnosis or at the 
first sign of a clinical or biological problem.15,16

3)  Patients with a history of DHTR: These patients are at high 
risk of DHTR if they undergo TF. If they are already on HU 
treatment, it is probably advisable to continue treatment, 
as vaso-occlusive complications may be more frequent if 
this treatment has already been prescribed. For patients 

not already on HU, this treatment should be initiated at 
the first clinical and laboratory signs of complications. EPO 
may also be used to treat anemia. The indications for TF 
in these patients are very limited. If an acute complica­
tion renders TF unavoidable, patients should receive pri­
or immunotherapy (anti-CD20 antibody “off-label”), and 
TF-sparing measures (HU and high-dose EPO) can be im­
plemented. The recommended TF protocol includes pro­
phylactic expanded phenotype (FY, JK, MNS) matching for 
RBCs, regardless of the patient’s alloimmunization status, 
and taking known antibodies into account. Outside the 
context of life-threatening emergencies, decisions about 
TF should be made in collaboration with experts and the 
TF center.10-13,22

4)  Patients who have received very few TFs (<20 RBC units) 
or who have been transfused without antibody traceability: 
In these patients, the risk/benefit ratio of TF must be care­
fully evaluated due to the absence of information about re­
sponder status and the likelihood of TF reactions. In such 
cases, we recommend prophylactic extended phenotype 
(FY, JK, MNS) matching for RBCs, with weekly monitoring 
of HbA levels to monitor efficacy and the use of Mekont­
so nomograms to detect mild DHTR.29 In case of complica­
tions, it should be borne in mind that DHTR remains a rare 
event and that TFs can be helpful. Finally, very complex sit­
uations may arise in patients with a rare blood phenotype 
who are also alloimmunized. In such cases the TF strategy 
must be discussed by a multidisciplinary team. Decisions 
depend on the resources available in the national rare blood 
bank, but alternatives to TF may be considered (HU, EPO). 
In all cases, TF performance should be monitored for up to 1 
month by determining the percentage of HbA and through 
TF screening tests.14,29

Other actions: The National Institutes of Health recommends 
aspirin treatment, at a dose of 160 mg per night, in pregnant 
women with SCD.2,30 Ribeil et al showed, in a retrospective 
study, that home oxygen therapy at night may be safe and 
may reduce the need for TF.12 The results of a randomized trial 
of oxygen therapy are currently being analyzed. Teratogenic 
treatments, such as iron chelators and enzyme conversion 
inhibitors, are generally discontinued during pregnancy in 
accordance with recommendations.

Conclusion
Pregnancy is a high-risk period for both mother and fetus, but 
TFs can provide protection if the risk of DHTR is low. The alter­
native to TF in patients with a history of DHTR is HU. In other 
cases, the ASH Expert Panel concluded that each case should be 
discussed individually to ensure the most appropriate decision 
is made. Collaboration between the hematologist, obstetrician, 
TF center, and anesthesiologist is critical in the management of 
pregnant women with SCD.

Conflict-of-interest disclosure
Anoosha Habibi: consultancy: GBT, Vertex, Novartis, addmedica.
Alexandra Benachi: no competing financial interests to declare.
Edouard Lecarpentier: no competing financial interests to  
declare.



Transfusion management of pregnancy in SCD women  |  645

Off-label drug use
Anoosha Habibi: Rituximab, erythropoietin, hydroxycarbamide.
Alexandra Benachi: Rituximab, erythropoietin, hydroxycarbamide.
Edouard Lecarpentier: Rituximab, erythropoietin, hydroxy­
carbamide.

Correspondence
Anoosha Habibi, Paris Est Créteil University, INSERM, IMRB U955 I-
BIOT, 94010 Créteil, France; e-mail: anoosha​.habibi@hmn​.aphp​.fr.

References
1.	 Oteng-Ntim E, Meeks D, Seed PT, et al. Adverse maternal and perinatal out­

comes in pregnant women with sickle cell disease: systematic review and 
meta-analysis. Blood. 2015;125(21):3316-3325.

2.	 Gladwin MT, Kato GJ, Novelli E. Sickle Cell Disease. New York, NY: McGraw 
Hill; 2021.

3.	 Ngô C, Kayem G, Habibi A, et al. Pregnancy in sickle cell disease: maternal 
and fetal outcomes in a population receiving prophylactic partial exchange 
transfusions. Eur J Obstet Gynecol Reprod Biol. 2010;152(2):73-74.

4.	 Serjeant GR, Loy LL, Crowther M, Hambleton IR, Thame M. Outcome of 
pregnancy in homozygous sickle cell disease. Obstet Gynecol. 2004;103(6): 
1278-1285.

5.	 Koshy M, Burd L, Wallace D, Moawad A, Baron J. Prophylactic red-cell trans­
fusions in pregnant patients with sickle cell disease. A randomized cooper­
ative study. N Engl J Med. 1988;319(22):1447-1452.

6.	 Habibi A, Cannas G, Bartolucci P, et al. Outcomes of pregnancy in sickle 
cell disease patients: results from the prospective ESCORT-HU cohort 
study. Biomedicines. 2023;11(2):597.

7.	 Kroner BL, Hankins JS, Pugh N, et al; Sickle cell disease implementation 
consortium. Pregnancy outcomes with hydroxyurea use in women with 
sickle cell disease. Am J Hematol. 2022;97(5):603-612.

8.	 Howard J, Oteng-Ntim E. The obstetric management of sickle cell disease. 
Best Pract Amp; Res Clin Obstet Amp; Gynaecol. 2012;26(1):25-36.

9.	 Habibi A, Arlet JB, Stankovic K, et al. Recommandations françaises de prise 
en charge de la drépanocytose de l’adulte: actualisation 2015. Rev Méde-
cine Interne. 2015;36(5):5S3-5S84.

10.	 Malinowski AK, Shehata N, D’Souza R, et  al. Prophylactic transfusion for 
pregnant women with sickle cell disease: a systematic review and meta-
analysis. Blood. 2015;126(21):2424-2435, quiz 2437.

11.	 Bauer MP, Wiersum-Osselton J, Schipperus M, Vandenbroucke JP, Briët E. 
Clinical predictors of alloimmunization after red blood cell transfusion. 
Transfusion. 2007;47(11):2066-2071.

12.	 Ribeil JA, Labopin M, Stanislas A, et al. Transfusion-related adverse events 
are decreased in pregnant women with sickle cell disease by a change 
in policy from systematic transfusion to prophylactic oxygen therapy 
at home: a retrospective survey by the International Sickle Cell Disease 
Observatory. Am J Hematol. 2018;93(6):794-802.

13.	 Habibi A, Mekontso-Dessap A, Guillaud C, et al. Delayed hemolytic trans­
fusion reaction in adult sickle-cell disease: presentations, outcomes, and 
treatments of 99 referral center episodes. Am J Hematol. 2016;91(10): 
989-994.

14.	 Mekontso Dessap A, Pirenne F, Razazi K, et al. A diagnostic nomogram for 
delayed hemolytic transfusion reaction in sickle cell disease. Am J Hema-
tol. 2016;91(12):1181-1184.

15.	 Narbey D, Habibi A, Chadebech P, et al. Incidence and predictive score 
for delayed hemolytic transfusion reaction in adult patients with sickle cell 
disease. Am J Hematol. 2017;92(12):1340-1348.

16.	 Pirenne F, Yazdanbakhsh K. How I safely transfuse patients with sickle-cell 
disease and manage delayed hemolytic transfusion reactions. Blood. 
2018;131(25):2773-2781.

17.	 Pirenne F, Floch A, Habibi A. How to avoid the problem of erythrocyte allo­
immunization in sickle cell disease. Hematology. 2021;2021(1):689-695.

18.	 Zanchetta-Balint F, Pirenne F, Michel M, et  al. Rituximab for preventing 
delayed hemolytic transfusion reaction (DHTR) in sickle cell adult patients: 
outcome of transfusion and side effects in 58 cases. Blood. 2019;134(suppl 1): 
3687.

19.	 Noizat-Pirenne F, Habibi A, Mekontso-Dessap A, et al. The use of rituximab 
to prevent severe delayed haemolytic transfusion reaction in immunized 
patients with sickle cell disease. Vox Sang. 2015;108(3):262-267.

20.	Bachmeyer C, Maury J, Parrot A, et al. Rituximab as an effective treatment of 
hyperhemolysis syndrome in sickle cell anemia. Am J Hematol. 2010;85(1): 
91-92.

21.	 Lesage N, Deneux Tharaux C, Saucedo M, Habibi A, Galacteros F, Girot R, 
et al. Maternal mortality among women with sickle-cell disease in France, 
1996–2009. Eur J Obstet Gynecol Reprod Biol. nov 2015;194:183-8.

22.	Oteng-Ntim E, Chase AR, Howard J, Khazaezadeh N, Anionwu EN. Sickle 
cell disease in pregnancy. Obstet Gynaecol Amp; Reprod Med. 2008; 
18(10):272-278.

23.	Cecchini J, Hulin A, Habibi A, Mekontso Dessap A, Razazi K. Profound 
underdosing of β-lactams in patients with sickle-cell disease. J Antimicrob 
Chemother. 2018;73(11):3211-3212.

24.	Koshy M. Sickle cell disease and pregnancy. Blood Rev. 1995;9(3):157-164.
25.	Montironi R, Cupaiolo R, Kadji C, et al. Management of sickle cell disease 

during pregnancy: experience in a third-level hospital and future recom­
mendations. J Matern-Fetal Amp; Neonatal Med. 2022;35(12):2345-2354.

26.	Mifsud W, Sebire NJ. Placental pathology in early-onset and late-onset fetal 
growth restriction. Fetal Diagn Ther. 2014;36(2):117-128.

27.	 Damy T, Bodez D, Habibi A, et  al. Haematological determinants of car­
diac involvement in adults with sickle cell disease. Eur Heart J. 2016;37(14): 
1158-1167.

28.	Malinowski AK, Kuo KHM, Tomlinson GA, Palcu P, Ward R, Shehata N. Dis­
tinct maternal and fetal pregnancy outcomes in women with sickle cell 
disease can be predicted using routine clinical and laboratory data. Br J 
Haematol. 2021;194(6):1063-1073.

29.	Floch A, Viret S, Malard L, Pakdaman S, Jouard A, Habibi A, et al. Recogniz­
ing low responders: 11 years of alloimmunisation in 6496 transfused sickle 
cell disease patients in France. Submitted.

30.	Afolabi BB, Babah OA, Adeyemo TA, et al. Low-dose aspirin for preventing 
intrauterine growth restriction and pre-eclampsia in sickle cell pregnancy 
(PIPSICKLE): a randomised controlled trial (study protocol). BMJ Open. 
2021;11(8):e047949.

© 2023 by The American Society of Hematology
DOI 10.1182/hematology.2023000497

mailto:anoosha.habibi@hmn.aphp.fr

