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ORIGINAL ARTICLE

Management of sickle cell disease during pregnancy: experience in a third-
level hospital and future recommendations

Ramona Montironia�, Roberto Cupaiolob, Caroline Kadjia, Dominique A. Badra , Marie Deleersb, Val�erie
Charlesa, Julien Vanderhulstc, Hanane El Kenzb and Jacques C. Jania

aDepartment of Obstetrics and Gynecology, University Hospital Brugmann, Universit�e Libre de Bruxelles, Brussels, Belgium;
bDepartment of Blood Transfusion, University Hospital Brugmann, Universit�e Libre de Bruxelles, Brussels, Belgium; cDepartment of
Internal Medicine, University Hospital Brugmann, Universit�e Libre de Bruxelles, Brussels, Belgium

ABSTRACT
Objective: To describe the outcomes of sickle-cell disease in pregnancy according to the differ-
ent treatments adopted before and during pregnancy and to propose a systematic approach to
treat sickle-cell disease (SCD) during pregnancy.
Methods: A retrospective descriptive study compared pregnancy outcomes among women with
SCD who stopped hydroxyurea (HU) once pregnant (Group 1), were never treated before and
during pregnancy (Group 2) or were treated by HU before conception who received prophylac-
tic transfusion during pregnancy (Group 3). For each group we recorded the population’s char-
acteristics and the transfusion-related, obstetrical, perinatal and SCD complications.
Results: We found 11 patients for group 1 (9/11 with at least 3 painful crises during the
12months before conception), 4 for group 2 (3/4 with no sickle-cell complications during the
year before pregnancy) and 2 for group 3 (one with previous multiorgan failure (MOF), one with
previous stroke). No transfusion-related complication occurred. Group 1 and 2 developed SCD
complications and a high number of acute transfusions and hospital admissions. Group 3
showed none of these complications, but one patient developed preeclampsia and preterm
birth. Several obstetrical and perinatal complications occurred in group 1.
Conclusion: Not treating sickle-cell during pregnancy increases maternal and perinatal morbid-
ity, even in mildly affected women. All sickle-cell pregnancies should be treated, according to
the treatment adopted before but also to patient’s SCD-history. We propose chronic transfusion
to women with previous stroke or MOF or already under transfusion program, and HU for
severely and mildly affected patients, respectively from the second and third trimesters.
Additional prospective studies are needed to validate the results of the proposed protocol.
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Introduction

Sickle cell disease (SCD) is the most common genetic
condition worldwide due to a hemoglobin (Hb) dis-
order. It is associated with lifelong morbidity and
reduced life expectancy. With advances in patient care
and population movements from high to low HbS-fre-
quency areas, more and more patients reach repro-
ductive age, thereby increasing SCD prevalence during
pregnancy to 4.83/10,000 pregnancies worldwide [1].
Sickle cell pregnancy is a life-threatening condition,
for both mother and fetus (Figure 1). The physiological
changes occurring during pregnancy (hypercoagulabil-
ity, immune tolerance, increased metabolic demand,
increased pulmonary resistance, etc.) increase the

incidence of SCD-related complications [2], especially
during the third trimester and early postpartum [3].
Endothelial damage and vaso-occlusive crisis (VOC)
can also occur in the placenta, leading to an impaired
uteroplacental circulation. For these reasons, sickle cell
pregnancies have been linked to higher rates of
maternal and perinatal complications such as pre-
eclampsia, eclampsia, pregnancy-induced hyperten-
sion, intrauterine growth restriction (IUGR), abortion,
placenta abruption, intrauterine fetal death (IUFD),
emergency cesarean section, preterm birth, small for
gestational age (SGA) infants, low birth weight, neo-
natal intensive care unit (NICU) admission, 5-min
Apgar score <7, perinatal mortality, with a maternal
mortality 6 times that of the general population [4–6].
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The management of sickle cell pregnancy is a chal-
lenge. The only two treatments (hydroxyurea [HU] and
chronic prophylactic red-cell transfusion) recognized
as disease-modifying are not recommended during
pregnancy. As it inhibits HbS polymerization, HU is
currently the only US Food and Drug Administration-
approved medication that modifies the course of the
disease in adults and children [7]. It is strongly recom-
mended not only for severely affected adults with at
least 3 painful crises over the prior 12months or recur-
rent acute chest syndrome (ACS), but also for patients
with common clinical symptoms that interfere with
daily activities and for children after the age of
9months, regardless of clinical symptoms [8].
However, it is recommended to stop HU at least
3months before pregnancy and restart it after the end
of breastfeeding [9,10], since it is teratogenic in a
wide variety of animal models [11]. Equally, the role of
chronic red cell transfusion is still controversial. In
SCD, red cell transfusion decreases the proportion of
HbS and its benefits have been established for stroke
prophylaxis and protection of organs from ongoing
damage in cases of multiorgan failure (MOF) [8,12]. In
sickle cell pregnancy, chronic red cell transfusion has
been proposed to reduce the extent of sickling in
both the maternal and placental circulation [13].
However, although it seems to reduce maternal and
perinatal morbidity and mortality [14], there is cur-
rently no sufficient evidence to recommend its use
prophylactically [15].

The purpose of our study was to evaluate the out-
comes related to sickle cell pregnancy (transfusion-
related, obstetrical, perinatal and sickle cell
complications), according to the different treatments
of the disease adopted before and during pregnancy.
Using our results and literature data, our ultimate goal
is to propose a systematic way to treat SCD during

pregnancy, using HU treatment or chronic prophylac-
tic red cell transfusion.

Materials and methods

This was a retrospective descriptive study involving
pregnancy among women with SCD, who delivered at
the University Hospital Brugmann, Universit�e Libre de
Bruxelles, in Brussels, Belgium between January 2006
and October 2019. The study was approved by the
Local Ethics Committee (Number: CE 2020/40).
Exclusion criteria were: fetal loss before 14weeks,
elective abortion, incomplete or unavailable medical
files and multiple pregnancy. Women were seen alter-
nately at the obstetric high-risk unit and the hematol-
ogy clinic every 2–3weeks. Hemoglobin genotypes
were characterized by standard electrophoresis.
Gestational age was determined by first-trimester
ultrasound. Initial laboratory tests included complete
blood count, reticulocyte count, urine analysis and cul-
ture, liver enzymes, screening for red cell auto- and
allo-antibodies, repeated monthly to detect any sickle
cell complications or alloimmunization. A second fetal
ultrasound scan was performed during the second tri-
mester, and two during the third trimester, to detect
any IUGR. Induction of labor was recommended at
38weeks. Folic acid supplementation was initiated
before pregnancy or once diagnosis was made. HU
was stopped 3months before pregnancy or once the
diagnosis was made. As it is the latest recommenda-
tion for prevention of preeclampsia, aspirin treatment
after 12weeks was started only in the most recent
patients. Prophylactic red cell transfusion was planned
by the hematologist in only a few patients, after
8weeks of pregnancy, and was repeated every
3–4weeks until delivery.

Figure 1. Pathophysiology of sickle cell pregnancy. IUGR: intrauterine growth restriction; IUFD: intrauterine fetal death; CS: cesar-
ean section; LBW: low birth weight; SGA: small for gestational age; NICU: neonatal intensive care unit; VOCs: vaso-occlusive crisis;
ACS: acute chest syndrome.
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According to the different treatments adopted the
year before and during pregnancy, we divided our
population into three groups. Group 1 comprised
patients with no treatment during pregnancy (only
acute transfusion) but treated with HU before concep-
tion. Group 2 consisted of patients without treatment
before and during pregnancy (only acute transfusion).
Group 3 was made up of patients who received HU
before pregnancy and were treated by chronic red cell
transfusion while being pregnant.

For each patient, we recorded the following data:
characteristics of the population (age, parity, ethnicity,
body-mass index (BMI), smoking habits, comorbidities
not related to SCD, Hb genotype, presence of allo/
auto-antibodies, blood group, hemoglobin level and
SCD complications before pregnancy), and prenatal
and postpartum care of SCD pregnancy (number, rea-
sons for and type of transfusion, and number of hos-
pital admissions). Obstetrical complications were
measured: unscheduled cesarean section, preterm
delivery (defined as delivery < 37weeks), pre-eclamp-
sia (defined by systolic blood pressure > 140mmHg
and/or diastolic blood pressure > 90mmHg with 24-h
proteinuria > 300mg), eclampsia, HELLP syndrome
(defined by platelet blood count <100,000/ll, elevated
liver enzymes and hemolysis), gestational hyperten-
sion, IUGR (defined as estimated fetal weight <5th
percentile), IUFD, placenta abruption and maternal
mortality. Perinatal outcome included: low birth
weight (defined as a birth weight < 2500 g), 5-min
Apgar score, small for gestational age (SGA defined as
a birthweight <10th percentile for gestational age),

neonatal intensive care unit (NICU) admission and
perinatal mortality. SCD-related complications: VOC
(defined as otherwise unexplained a bone or joint
painful episode), ACS (defined as the combination of
fever, dyspnea and specific infiltration on a chest
X-ray), severe anemia (defined as a decline by 2.0 g/dL
or more in hemoglobin concentration below the
patient’s baseline value), pyelonephritis, pulmonary
infection, urinary tract infection, stroke, cholecystitis
and venous thromboembolism. Transfusion-related
complications: allo- and auto-immunization (defined as
de novo detection of red cell auto- and allo-antibodies
during the current pregnancy, with or without symp-
toms), delayed hemolytic transfusion reaction (defined
as abrupt onset of signs and symptoms of accelerated
hemolysis evidenced by an unexplained fall in hemo-
globin, elevated lactate dehydrogenase (LDH), ele-
vated bilirubin above baseline and hemoglobinuria, all
occurring between 4 and 10 days after transfusion,
with development or intensification of symptoms sug-
gestive of VOC and/or ACS, regardless of the detection
of new antibodies), acute transfusion reactions, trans-
fusion-related infections, and iron overload.

Statistical analysis was performed using SPSS 25
statistical software (IBM SPSS statistics). Continuous
variables were expressed as mean ± 1 standard devi-
ation, while categorical variables were expressed as
numbers (frequency), unless indicated otherwise. We
used the Pearson’ chi-squared test to compare the
proportions of multinomial categorical variables
between the 3 groups. Shapiro-Wilk test was per-
formed to check the normal distribution of continuous

Table 1. Baseline characteristics of the study population.

Variables
Group 1
N¼ 11

Group 2
N¼ 4 Adjusted p-value

Group 3
N¼ 2 Adjusted p- value

Maternal age (year) 25.6 ± 3.8 29.3 ± 5.6 .465 32 ± 1.4 .192
BMI (Kg/m2) 24.2 ± 4.3 22.8 ± 3.6 1.000 23.6 ± 2.1 1.000
Nulliparity 7 (63.6%) 1 (25%) .555 2 (100%) .915
Smoking 2 (18.2%) 0 1.000 0 1.000
Comorbidities 2 (18.2%) 0 1.000 0 1.000
Hb genotype .600 1.000
SS 10 (90.9%) 3 (75%) 2 (100%)
SC 1 (9.1%) 0 0
Sbthal 0 1 (25%) 0

Baseline Hb 1 month before pregnancy (g/dL) 9.1 ± 0.9 8 ± 1.2 .528 6.5 ± 1.3 .030
Allo-Ab before pregnancy 4 (36.4%) 0 .477 0 1.000
SCD complications before pregnancy
None 1 (9.1%) 2 (50%) .240 0 1.000
<3 VOC 3 (27.3%) 2 (50%) 1.000 1 (50%) 1.000
�3 VOC 8 (72.7%) 0 .039 0 .156
Recurring ACS 2 (18.2%) 0 1.000 1 (50%) .978
Stroke 0 0 – 1 (50%) .045
MOF 0 0 – 1 (50%) .045
Cholecystectomy 7 (63.6%) 3 (75%) 1.000 1 (50%) 1.000
Splenectomy 1 (9.1%) 1 (25%) 1.000 0 1.000

p-Values are obtained from multiple comparison post-hoc test: group 2 and 3 are compared to group 1.
Abbreviations: Ab: antibodies; ACS: acute chest syndrome; BMI: body mass index; Hb: hemoglobin; MOF: multi-organ failure; SCD: sickle cell disease; VOC:
vaso-occlusive crisis.
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variables, such as maternal age, BMI, and baseline Hb
levels. One way ANOVA test was used to compare the
means of continuous variables between the 3 groups.
Thereafter, we performed a post-hoc Bonferroni test
to obtain the adjusted p-values for the comparison of
group 2 and 3 with group 1. An adjusted p-value
below .05 was considered statistically significant.

Results

Among 43,274 deliveries, we found 17 pregnancies
with SCD. The prevalence of SCD in our population
was 3.93/10,000 pregnancies. Fifteen received no treat-
ment (only acute transfusion) during pregnancy and
among them, eleven were receiving HU treatment at
least 3months before pregnancy (Group 1) and four
were not treated before pregnancy (Group 2); two
patients started a chronic red cell transfusion program
during pregnancy and were on HU treatment before
(Group 3). One woman had two deliveries, each con-
sidered as a separate case. Among the 12 patients
who were on HU, only one patient stopped HU and
conceived 2months after, whereas the remaining 11
patients stopped it during the 1st trimester. The small
number of sickle cell pregnancies found was in
accordance with the prevalence of the disease in preg-
nancy and with literature reports, where the analysis is
always multicenter.

Tables 1 and 2 summarize the characteristics of the
population and the prenatal and postpartum care,
respectively. All patients came from Middle West Africa.
Seven (63.6%), 1 (25%), and 2 (100%) patients in group

1, 2, and 3 respectively were nullipara. The vast majority
of the patients had the HbSS genotype (one patient in
group 1 was HbSC and one patient in group 2 was
HbSb0-thal). Four women in group 1 were already allo-
immunized before pregnancy. No women had a rare
blood group (generally defined by the lack of a high fre-
quency antigen or an infrequent combination of clinic-
ally relevant antigens) or auto-antibodies.

No patient had non-SCD-related comorbidities,
except for one woman in group 1 who suffered from
systemic lupus erythematosus. Most of the patients
had already had cholecystectomy before pregnancy.
Compared to group 2 and 3, group 1 contained
higher proportion of patients who were severely
affected with at least 3 painful crises during the
12months before conception (72.7% versus 0%,
p¼ .039, versus 0%, p¼ .156) (Table 1).

There was no significant difference in the number
of hospital admission and acute transfusion for SCD
complications between group 1 and group 2. In con-
trast, no patients in group 3 required hospital admis-
sion or acute transfusion for SCD complications
(p¼ .015 and p¼ .063; respectively) (Table 2).

Group 2 was composed of women mildly affected,
with no sickle cell complication during the year before
pregnancy in most cases. Conversely, the women of
group 3 were characterized by MOF or previous stroke,
and a low baseline Hb level 1month before pregnancy.

No SCD-related complications during pregnancy
were found in group 3. Conversely, all patients of
groups 1 and 2 developed SCD-related complications,
particularly in terms of VOC, severe anemia and ACS.

Table 2. Antepartum and postpartum outcome of SCD pregnancies.

Variables
Group 1
N¼ 11

Group 2
N¼ 4 Adjusted p-value

Group 3
N¼ 2 Adjusted p-value

Hospital admission for SCD complications 10 (90.9%) 3 (75%) 1.000 0 .015
Number of hospital admission
1–2 5 (45.5%) 2 (50%) – 0 –
�3 5 (45.5%) 1 (25%) – 0 –

Number of transfusion .696 .756
1 1 (9.1%) 2 (50%) 0
2–3 5 (45.5%) 2 (50%) 0
�4 4 (40%) 0 2 (100%)

Reason for transfusion
SCD complication 9 (81.8%) 3 (75%) 1.000 0 .063
Perioperative/ Peripartum 6 (54.5%) 2 (50%) 1.000 0 .465
Prophylactic program – – – – –

Type of transfusion
Simple 10 (90.9%) 4 (100%) 1.000 2 (100%) 1.000
Exchange 3 (27.3%) 1 (25%) 1.000 1 (50%) 1.000

VOC 10 (90.9%) 3 (75%) 1.000 0 .015
ACS 4 (36.4%) 2 (50%) 1.000 0 .915
Severe anemia 8 (72.7%) 1 (25%) .285 0 .156
Pyelonephritis 2 (18.2%) 0 1.000 0 1.000
UTI 3 (27.3%) 0 .729 0 1.000
Pulmonary infection 2 (18.2%) 1 (25%) 1.000 0 1.000
VTE 0 1 (25%) .258 0 –

p-Values are obtained from multiple comparison post-hoc test: group 2 and 3 are compared to group 1.
Abbreviations: ACS: acute chest syndrome; SCD: sickle cell disease; UTI: urinary tract infection; VOC: vaso-occlusive crisis; VTE: venous thromboembolism.
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The most frequent complication in both groups was
VOC (90.9% in group 1 versus 75% in group 2,
p¼ 1.000) (Table 2). In addition, complications were
noted only during the third trimester and early post-
partum in group 2 patients, but throughout pregnancy
in group 1 patients (Table 3). No transfusion complica-
tions were observed among the three groups.

There was no statistically significant difference in
the obstetrical and perinatal outcomes between the 3
groups. However, the prevalence of IUGR, LBW, emer-
gency CS, APGAR < 7 at 5min, and RDS were higher
in group 1. The only obstetrical complications found
in group 3 were preeclampsia and preterm birth,
observed in the same patient in whom prematurity
was preeclampsia-induced. No complications were
found in group 2 (Table 4).

Discussion

We report the outcomes in a small series of pregnant
women with SCD, according to the different treatment
regimens adopted before (HU or chronic red cell trans-
fusion or no treatment) and during pregnancy (chronic
red cell transfusion or no treatment) and showed that
it is important to treat SCD during pregnancy.

Sickle cell pregnancy is life-threatening for both
mother and fetus, as is clear from the literature, and
its management is still an unresolved problem. Several
studies, systematic reviews and meta-analyses show
that sickle cell pregnancies have been linked to higher
rates of obstetrical complications [2,4–6,16,17], adverse
perinatal outcomes [17–20] and SCD-related complica-
tions [2,13,21–23]. Moreover, the higher number of
SCD complications during pregnancy increases the
rate of transfusion and consequently blood consump-
tion, the risk of allo/auto-immunization, and the inci-
dence of delayed hemolytic transfusion reaction (the
most feared transfusion-related complication) [24,25].

Despite these advances in understanding, SCD in
pregnancy is challenging for obstetricians and hema-
tologists. Indeed, there are specific recommendations
for the management of SCD in the general population,
whereas during pregnancy there is a lack of formal
evidence to guide clinical practice. Currently, the only
two treatments recognized as disease-modifying are
not recommended during pregnancy.

The role of prophylactic chronic red cell transfusion is
still controversial. Although in the most recent meta-anal-
yses [14,26] and in several studies [13,27–32], chronic
transfusion seems to decrease maternal and perinatal
morbidity and mortality, and to reduce the incidence of
VOC, other studies show that it decreases acute painful
episodes during pregnancy but does not influence fetal
or maternal outcome [33–35]. Moreover, a large retro-
spective study in France compared women without SCD
with 128 singleton SCD pregnancies in which prophylac-
tic transfusion was used, and no benefits were observed
[36]. In addition, most of these studies were retrospective,
are now quite dated, involved populations with different
standards of living, used different approaches to transfu-
sion and had different obstetric follow-up (Table 5). For
all these reasons, even if its use seems promising, there is
still insufficient evidence to recommend chronic red cell
transfusion in pregnancy.

As for HU treatment, the recommendation is to stop
it almost 3months before pregnancy and restart it after
the end of breastfeeding [9,10], because HU is terato-
genic in animal models and there are no adequate and
well-controlled studies in pregnant women [11].
Despite this, we thought it would be reasonable to start
considering HU treatment in pregnancy also. Firstly,
because it is currently the only FDA-approved drug
(FDA category D) for the treatment of SCD and its use
could be essential to improve sickle cell pregnancy out-
comes. In fact, the FDA defines its category D as follows:
“There is positive evidence of human fetal risk based on
adverse reaction data from investigational or marketing

Table 3. Appearance of SCD-related complications according
to the pregnancy’s trimesters.

Complications Period
Group 1
N¼ 11

Group 2
N¼ 4

Group 3
N¼ 2

VOC T1 5 (45.5%) 0 0
T2 5 (45.5%) 0 0
T3 7 (63.3%) 1 (25%) 0
PP 0 2 (50%) 0

ACS T1 0 0 0
T2 3 (27.3%) 0 0
T3 2 (18.2%) 1 (25%) 0
PP 0 1 (25%) 0

Severe anemia T1 1 (9.1%) 0 0
T2 4 (36.4%) 0 0
T3 4 (36.4%) 0 0
PP 1 (9.1%) 1 (25%) 0

Pyelonephritis T1 0 0 0
T2 1 (9.1%) 0 0
T3 1 (9.1%) 0 0
PP 0 0 0

UTI T1 3 (27.3%) 0 0
T2 1 (9.1%) 0 0
T3 0 0 0
PP 0 0 0

Pulmonary infection T1 0 0 0
T2 1 (9.1%) 0 0
T3 1 (9.1%) 0 0
PP 0 1 (25%) 0

VTE T1 0 0 0
T2 0 0 0
T3 0 0 0
PP 0 1 (25%) 0

Abbreviations: ACS: acute chest syndrome; PP: postpartum; T1: first tri-
mester; T2: second trimester; T3: third trimester; UTI: urinary tract infec-
tion; VOC: vaso-occlusive crisis: VTE: venous thromboembolism.
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experience or studies in humans, but potential benefits
may warrant use of the drug in pregnant women despite
potential risks” [37]. Secondly, a chemical teratogenic in
laboratory animals is not necessarily also teratogenic in
humans [38]. In addition, HU has been demonstrated to
be a potent teratogen in a wide variety of animal mod-
els, including mice, hamsters, cats, miniature swine,
dogs, and monkeys, but at a dose higher than the usual
human dose on a mg/m2 basis: over 150mg/kg/day
[39]. Thirdly, several case reports showed no teratogenic
effect in humans when the treatment was taken during
the first trimester or throughout pregnancy [40–46].

Given the lack of recommendations to treat SCD in
pregnancy and the myriad complications arising from
its non-treatment, also considering the description of
our population and the literature data, our aim is to
propose a protocol to treat the disease during preg-
nancy by means of chronic red cell transfusion and
HU. The main limitation of this study was the small
number of its population and like any retrospective
study, potential bias exist. However, this is the first
study that describe the sickle cell pregnancy outcomes
while considering also the patient’s SCD history and
the treatment adopted before pregnancy. Although
difficult to conduct, the ideal study design should pro-
spectively randomize pregnant patients with sickle-cell
disease into 3 arms: no treatment, HU, or blood
transfusion.

In our description, chronic transfusion seems to be
protective against SCD complications and to reduce
hospital admissions and the number of acute transfu-
sions. No SCD complications and no hospital admis-
sions or acute transfusions were observed in group 3
during pregnancy and postpartum. Moreover, no allo/
auto-immunization and no transfusion-related compli-
cations were observed in any group. This is probably
due to the selection of phenotype-matched RBCs
when the patient was previously immunized or in
presence of autoantibodies and the selection of Rh/
Kell-matched red cells when not immunized and to
the small size of the population. In contrast, chronic
transfusion does not seem to prevent preeclampsia,
which, despite aspirin therapy, was the only obstetrical
complication observed in group 3, together with pre-
term birth (due to preeclampsia induction), probably
because in this case the transfusion program was
started too late (after 10weeks). According to the
hypothesis proposed by a recent review, to have an
impact on preeclampsia, given its pathophysiology,
prophylactic chronic transfusion should be initiated in
the first month of pregnancy in order to avoid abnor-
mal placental formation [15]. On the other hand, leav-
ing a sickle cell pregnancy without a chronic
treatment seemed to increase SCD complications,
even if one woman was mildly affected and without
treatment before pregnancy. All the patients of group

Table 4. Pregnancy outcomes of SCD patients.

Variables
Group 1
N¼ 11

Group 2
N¼ 4 Adjusted p-value

Group 3
N¼ 2 Adjusted p-value

PTB 4 (36.4%) 0 .477 1 (50%) 1.000
PreE/HELLP 3 (27.3%) 0 .729 1 (50%) 1.000
IUGR 3 (27.3%) 0 .729 0 1.000
Emergency CS 5 (45.5%) 0 .297 0 .672
LBW 4 (36.4%) 0 .477 0 .915
APGAR < 7 at 5min 2 (18.2%) 0 1.000 0 1.000
NICU admission 4 (36.4%) 2 (50%) 1.000 0 .915
RDS 2 (18.2%) 0 1.000 0 1.000
Prematurity 4 (36.4%) 0 .477 1 (50%) 1.000

p-Values are obtained from multiple comparison post-hoc test: group 2 and 3 are compared to group 1.
Abbreviations: CS: cesarean delivery; HELLP: hemolysis, elevated liver enzymes, low platelets; IUGR: intra-uterine growth restric-
tion; LBW: low birth weight; Min: minutes; NICU: neonatal intensive care unit; PreE: pre-eclampsia; PTB: preterm birth; RDS:
respiratory distress syndrome.

Table 5. Summary of study design and recommendations, regarding the role of prophylactic transfusion in pregnancy [15].
First author, year Study design Number of the study population (Prophylactic/symptomatic) Recommendation of prophylactic transfusion

Morrison, 1976 [27] RC 65 (36/29) Yes
Cunningham, 1983 [28] RC 108 (54/54) Yes
Koshy, 1988 [33] RCT 72 (36/36) No
Morrison, 1991 [29] RC 131 (103/28) Yes
Koshy, 1991 [35] RC 111� (36/75) No
El-Shafei, 1995 [34] RCþ PC 571 (244/327) No
Gilli, 2007 [31] RC 31 (14/17) Yes
Asma, 2015 [30] RC 37 (24/13) Yes
Benites, 2016 [32] RC 24 (10/14) Yes
�Includes 72 patients from the Koshy 1988 cohort.
Abbreviations: PC: prospective cohort; RC: retrospective cohort; RCT: randomized controlled study.
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1 and almost all of group 2 developed SCD complica-
tions, particularly in terms of CVO, ACS and severe
anemia. Moreover SCD complications in group 2
appeared only in the third trimester and early postpar-
tum, the most critical period according to the litera-
ture data [3]. In addition, leaving a SCD pregnancy
without a chronic treatment when the woman was
severely affected and on HU treatment before preg-
nancy (group 1) led not only to more SCD complica-
tions, but also to increased acute transfusions, hospital
admissions, non-elective cesarean sections and obstet-
rical and perinatal complications. Compared to groups
2 and 3, more obstetrical and perinatal complications
were observed in group 1, especially in terms of pre-
term birth, IUGR, preeclampsia, low birth weight and
NICU admissions. Given our results and the literature
data mentioned before, we propose to treat all SCD
pregnancies by a management that differs according
to the severity of the disease and the treatment
adopted before pregnancy (Figure 2). Despite the
potential risk of teratogenicity, we still consider HU
treatment for these patients. In our series, 11 out of
the 12 the patients treated with HU before pregnancy
stopped the treatment almost 5weeks after concep-
tion, and no teratogenic effects were observed.

We offer HU treatment at the end of the first trimes-
ter to all woman severely affected before pregnancy
(>3 VOCs over the previous 12months, recurrent ACS,
or pain that interferes with daily activities) or already on
HU treatment. In mildly affected patients, with no treat-
ment before pregnancy, we start HU treatment at the

beginning of the third trimester, in order to cover the
most critical period for SCD complications. Continuing
chronic transfusion should be reserved for all patients
already on a transfusion program before becoming
pregnant or for patients with previous stroke or MOF
(as in two patients of group 2). This is because prophy-
lactic transfusion beyond these indications is tempered
by concerns over acute and delayed transfusion reac-
tions, alloimmunization, transfusion-related infections,
and iron overload [47]. These complications were not
observed in our study, probably because of the small
study population. To confirm the importance of the
transfusion risks and HU interruption, in terms of the
protocol proposed, we report a case where we restarted
HU treatment. This was a case of an African woman
with the HbSS genotype, with no MOF or previous
stroke, treated before pregnancy with HU, which was
stopped at conception. HU interruption caused worsen-
ing of SCD, leading from the first trimester to several
hospital admissions for VOC. At 21weeks, VOC was
complicated by hemolytic crisis and required admission
to the intensive care unit and the transfusion of 11 red
blood cells units in 6 days. Despite therapy, 14 days after
transfusion of the first blood unit, the hemoglobin level
fell to 4.4 g/dL. Because of suspected delayed hemolytic
transfusion reaction, we decided to avoid transfusion
and to treat with intravenous immunoglobulin for
5 days. Once the patient was stabilized, we decided to
restart HU treatment, with the result that there have
been no more VOCs, transfusions or hospital admissions
until delivery and postpartum.

Figure 2. Protocol proposed to treat sickle cell disease in pregnancy. VOCs: vaso-occlusive crisis; ACS: acute chest syndrome.
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Our analysis shows the importance of treating SCD
during pregnancy. It seems that when the patient is
severely affected before conception, the pregnancy
and perinatal outcomes are worse. We have shown
that not treating a sickle cell pregnancy exposes both
mother and fetus to a very high risk of morbidity and
mortality, even if one woman was mildly affected and
not treated before pregnancy. These complications are
more numerous when a woman is severely affected
before conception, because stopping HU treatment
increases not only the SCD complications, but also the
obstetrical and perinatal complications, hospital admis-
sions, the number of acute transfusions and the rate
of non-elective cesarean section. While chronic trans-
fusion seems to protect against SCD complications, if
started from the first month of pregnancy it could
also be protective against all obstetrical complications,
including preeclampsia.

Conclusions

In conclusion, we advocate all sickle cell pregnancies to
be treated. Each woman with SCD should be considered
on an individual basis and therapy will depend on the
treatment adopted before, but also on the patient’s his-
tory. The treatment choice is between the only two
treatments recognized as disease-modifying outside
pregnancy. Chronic transfusion should not be discontin-
ued in pregnancy and reserved for cases of proven
benefit (previous stroke or women already in a transfu-
sion program or with MOF), in order to avoid important
transfusion complications. HU treatment should be
reserved for severely and mildly affected patients (with
or without HU treatment before pregnancy), respect-
ively from the second and third trimesters of pregnancy.
Because HU decreases HbS sickling, it may improve the
outcome of sickle cell pregnancy, without any terato-
genic risk if started after the first trimester. We should
stress that sickle cell pregnancies always need multidis-
ciplinary management and that the protocol proposed
is not a substitute for the role of the hematologist, but
it can guide both the gynecologist and the hematolo-
gist in their clinical practice in order to improve preg-
nancy outcomes. Additional prospective clinical studies
are needed to show the outcomes of the systematic
treatment proposed.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Dominique A. Badr http://orcid.org/0000-0001-5251-6023

References

[1] Alayed N, Kezouh A, Oddy L, et al. Sickle cell disease
and pregnancy outcomes: population-based study on
8.8 million births. J Perinat Med. 2014;42(4):487–492.

[2] Jain D, Atmapoojya P, Colah R, et al. Sickle cell dis-
ease and pregnancy. Mediterr J Hematol Infect Dis.
2019;11(1):e2019040.

[3] Asare EV, Olayemi E, Boafor T, et al. Third trimester
and early postpartum period of pregnancy have the
greatest risk for ACS in women with SCD. Am J
Hematol. 2019;94(12):E328–E331.

[4] Parrish MR, Morrison JC. Sickle cell crisis and preg-
nancy. Semin Perinatol. 2013;37(4):274–279.

[5] Wilson NO, Ceesay FK, Hibbert JM, et al. Pregnancy
outcomes among patients with sickle cell disease at
Korle-Bu Teaching Hospital, Accra, Ghana. Retrospective
Cohort Study. Am J Trop Med Hyg. 2012;86(6):936–942.

[6] Villers MS, Jamison MG, De Castro LM, et al. Morbidity
associated with sickle cell disease in pregnancy. Am J
Obstet Gynecol. 2008;199(2):125.e1–e5.

[7] Cannas G, Poutrel S, Thomas X. Hydroxycarbamine:
from an old drug used in malignant hemopathies to
a current standard in sickle cell disease. Mediterr J
Hematol Infect Dis. 2017;9(1):e2017015.

[8] nhlbi.nih.gov [Internet]. Bethesda MD: National Heart,
Lung, and Blood Institute. Evidence-based manage-
ment of sickle cell disease: expert panel report. 2014.
Available from: https://www.nhlbi.nih.gov/health-pro/
guidelines/sickle-cell-disease-guidelines.

[9] Royal College of Obstetricians and Gynaecologists
Green-top. Guideline. Management of sickle cell dis-
ease in pregnancy. 2011. RCOG, 61.

[10] ggolfb.be [Internet]. Belgium: Groupement des
Gyn�ecologues Obst�etriciens de Langue Française de
Belgique. Prise en charge de la dr�epanocytose homo-
zygote pendant la grossesse, l’accouchement et en
cas de crise dr�epanocytaire. 2017. Available from:
https://www.ggolfb.be/sites/default/files/article/file/
05%20%20Dre%CC%81panocytose%20et%20gros-
sesse%20-%20protocole%20GGOLFB%202017.pdf.

[11] fda.gov [Internet]. Washington DC: Food and drug
Administration; 2017. Available from: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2017/
208843s000lbl.pdf.

[12] Ware RE, de Montalembert M, Tshilolo L, et al. Sickle
cell disease. Lancet. 2017;390(10091):311–323.

[13] Howard RJ, Tuck SM, Pearson TC. Pregnancy in sickle
cell disease in the UK: results of a multicentre survey
of the effect of prophylactic blood transfusion on
maternal and fetal outcome. Br J Obstet Gynaecol.
1995;102(12):947–951.

[14] Malinowski AK, Shehata N, D’Souza R, et al.
Prophylactic transfusion for pregnant women with
sickle cell disease: a systematic review and meta-ana-
lysis. Blood. 2015;126(21):2424–2435.

[15] Jackson B, Fasano R, Roback J. Current evidence for
the use of prophylactic transfusion to treat sickle cell

8 R. MONTIRONI ET AL.

https://www.nhlbi.nih.gov/health-pro/guidelines/sickle-cell-disease-guidelines
https://www.nhlbi.nih.gov/health-pro/guidelines/sickle-cell-disease-guidelines
https://www.ggolfb.be/sites/default/files/article/file/05%20%20Dre%CC%81panocytose%20et%20grossesse%20-%20protocole%20GGOLFB%202017.pdf
https://www.ggolfb.be/sites/default/files/article/file/05%20%20Dre%CC%81panocytose%20et%20grossesse%20-%20protocole%20GGOLFB%202017.pdf
https://www.ggolfb.be/sites/default/files/article/file/05%20%20Dre%CC%81panocytose%20et%20grossesse%20-%20protocole%20GGOLFB%202017.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208843s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208843s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208843s000lbl.pdf


disease during pregnancy. Transfus Med Rev. 2018;
32(4):220–224.

[16] Oteng-Ntim E, Meeks D, Seed PT, et al. Adverse
maternal and perinatal outcomes in pregnant women
with sickle cell disease: systematic review and meta-
analysis. Blood. 2015;125(21):3316–3325.

[17] Boafor TK, Olayemi E, Galadanci N, et al. Pregnancy
outcomes in women with sickle-cell disease in low
and high income countries: a systematic review and
meta-analysis. BJOG. 2016;123(5):691–698.

[18] Acharya N, Kriplani A, Hariharan C. Study of perinatal
outcome in pregnancy with sickle cell disease. Int J
Biol Med Res. 2013;4(2):3185–3188.

[19] Natu N, Khandelwal S, Kumar R, et al. Maternal and
perinatal outcome of women with sickle cell disease
of a tribal population in Central India. Hemoglobin.
2014;38(2):91–94.

[20] Ashish K, Raseswari P, Pruthviraj S. Perinatal outcome
in pregnancy with sickle cell anemia. J Obstetr
Gynecol India. 2008;58:500–503.

[21] Powars DR, Sandhu M, Niland-Weiss J, et al.
Pregnancy in sickle cell disease. Obstet Gynecol. 1986;
67(2):217–228.

[22] Sun PM, Wilburn W, Raynor BD, et al. Sickle cell dis-
ease in pregnancy: twenty years of experience at
Grady Memorial Hospital, Atlanta, Georgia. Am J
Obstet Gynecol. 2001;184(6):1127–1130.

[23] El Shafei AM, Sandhu AK, Dhaliwal JK. Maternal mor-
tality in Bahrain with special reference to sickle cell dis-
ease. Aust N Z J Obstet Gynaecol. 1988;28(1):41–44.

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

[25] Vidler JB, Gardner K, Amenyah K, et al. Delayed
haemolytic transfusion reaction in adults with sickle
cell disease: a 5-year experience. Br J Haematol. 2015;
169(5):746–753.

[26] Oteng-Ntim E, Ayensah B, Knight M, et al. Pregnancy
outcome in patients with sickle cell disease in the
UK— a national cohort study comparing sickle cell
anemia (HbSS) with HbSC diasease. Br J Haematol.
2015;169(1):129–137.

[27] Morrison JC, Wiser WL. The use of prophylactic partial
exchange transfusion in pregnancies associated with
sickle cell hemoglobinopathies. Obstet Gynecol. 1976;
48(5):516–520.

[28] Cunningham FG, Pritchard JA, Mason R. Pregnancy
and sickle cell haemoglobinopathies: results with and
without prophylactic transfusions. Obstet Gynaecol.
1983;62(4):419–424.

[29] Morrison JC, Morrison FS, Floyd RC, et al. Use of con-
tinuous flow erythrocytapheresis in pregnant patients
with sickle cell disease. J Clin Apher. 1991;6(4):224–229.

[30] Asma S, Kozanoglu I, Tarım E, et al. Prophylactic red
blood cell exchange may be beneficial in the man-
agement of sickle cell disease in pregnancy.
Transfusion. 2015;55(1):36–44.

[31] Gilli SC, De Paula EV, Biscaro FP, et al. Third-trimester
erythrocytapheresis in pregnant patients with sickle
cell disease. Int J Gynaecol Obstet. 2007;96(1):8–11.

[32] Benites BD, Benevides TC, Valente IS, et al. The effects
of exchange transfusion for prevention of complica-
tions during pregnancy of sickle hemoglobin C dis-
ease patients. Transfusion. 2016;56(1):119–124.

[33] Koshy M, Burd L, Wallace D, et al. Prophylactic red-
cell transfusions in pregnant patients with sickle cell
disease. A randomized cooperative study. N Engl J
Med. 1988;319(22):1447–1452.

[34] El-Shafei AM, Dhaliwal JK, Sandhu AK, et al.
Indications for blood transfusion in pregnancy with
sickle cell disease. Aust N Z J Obstet Gynaecol. 1995;
35(4):405–408.

[35] Koshy M, Chisum D, Burd L, et al. Management of
sickle cell anemia and pregnancy. J Clin Apher. 1991;
6(4):230–233.
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