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ABSTRACT

Introduction: Pregnancy in women with sickle cell disease (SCD) has been identified as high risk owing
to increased incidence of materno-fetal complications across various studies and reports. These com-
plications include consequences related to the underlying hemoglobinopathy; chronic anemia/asso-
ciated inflammation, and pregnancy related including the risk for thromboembolism, bleeding and
maternal mortality. Outcomes of neonates born to women with SCD has been suboptimal over the
years with recent improvement due to strict monitoring, preventive and therapeutic measures. Much is
yet to be unraveled regarding the optimal management of women with SCD during pregnancy,
identifying target hemoglobin, delivery mode or timing among others.

Areas covered: This review includes a summary of available data of the maternal and fetal outcomes; in
addition to current recommendations for monitoring and management of women with SCD during
pregnancy.

Expert opinion: To have a successful pregnancy, women should be closely monitored, and interven-
tions provided as needed to guarantee adequate management of anemia, as well as prevention,
diagnosis and management of disease. They should also be educated regarding their reproductive
health, emphasizing that pregnancy is possible, and achieving optimal results depends on providing
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adequate care in a health care facility with expertise in high-risk pregnancies and SCD.

1. Introduction

Sickle cell disease (SCD) is the most common inherited hemo-
globinopathy, widely prevalent in Sub-Saharan Africa, the
Mediterranean region/Middle East and India [1], including
a variety of homozygote and double heterozygote genotypes
[2]. The underlying pathophysiology of sickle cell anemia is
related to an inherited mutation that causes a change in the
sixth amino acid in the beta-globin chain, from the hydrophilic
glutamic acid to the hydrophobic valine, resulting in crystal-
lization of the hemoglobin molecule with sickling of red blood
cells at low oxygen levels [3,4]. This leads to different systemic
complications that have been associated with significant mor-
bidity and mortality, including vaso-occlusive pain crisis (VOC),
thromboembolic events and cardiovascular manifestations
among others [3]. The polymerization of hemoglobin S with
the associated sickling results in a chronic hemolytic anemia
as well as a self-perpetuating cycle of vaso-occlusion, chronic
vascular damage/inflammation and cell activation with over
expression of adhesion mediators [3].

Pregnancy in patients with SCD has been associated with
significant maternal and fetal complication; however with the
recent advances in the care for these individuals, their life
expectancy has improved tremendously, allowing more
women to reach reproductive age and thus either express
their desire or actually attempting pregnancy. In addition,

the introduction of preconception care has led to significant
improvements in maternal and fetal outcomes. We herein
present an overview of the pregnancy associated complica-
tions in SCD, as well as the suggested perinatal care that
might lead to a successful pregnancy and delivery of
a healthy baby.

2. Fertility in SCD

Multiple factors are known to affect fertility and the repro-
ductive health of individuals with SCD. These include but
are not limited to poor nutrition, prior blood transfusion
with subsequent iron overload, recurrent vaso-occlusive
crisis and infections/hospitalizations [5]. Delayed menarche
and sexual development have long been reported in
women with SCD [6]. Figure 1 illustrates the possible effect
of SCD on fertility with the underlying pathophysiology of
impaired ovulation and implantation, including the oxida-
tive stress that characterizes SCD, associated ovarian sick-
ling leading possibly to primary failure; as well as the
possibility of hypogonadotropic hypogonadism related to
secondary iron overload, and prostaglandin production
inhibition related to chronic use of non-steroidal anti-
inflammatory drugs (NSAIDs) for the management of pain
crisis [7-9].
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e Multiple factors are known to affect fertility and the reproductive
health of individuals with SCD. These include but are not limited to
poor nutrition, prior blood transfusion with subsequent iron overload,
recurrent vaso-occlusive crisis and infections/hospitalizations.

o Complications of women with SCD during pregnancy and in the post-
natal period can be disease related, pregnancy related, maternal or
fetal

e Women with SCD should be educated regarding their reproductive
health, emphasizing that pregnancy is possible, and achieving opti-
mal results depends mainly on providing adequate care in an experi-
enced health care facility with expertise in high risk pregnancies and
SCD.

o The optimal care for these women depends on the establishment of
a multidisciplinary approach creating a complete care plan that starts
from preconception planning to the post-natal management
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inflammatory medications
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Figure 1. The effect of SCD on fertility.

3. Maternal complications

The rate of reported complications during pregnancy in
women with SCD has varied significantly among previously
published reports, related to geographic as well as study
variations. Several physiologic adaptations are expected dur-
ing pregnancy, however these might overburden organs
which have already been exposed to recurrent injuries related
to their underlying SCD [3]. Complications during pregnancy
and in the post-natal period can be disease related, pregnancy
related, maternal or fetal. These have led to significant mater-
nal morbidity and increased mortality among women with
SCD in the peri-natal period. Disease-related complications
that are worsened by the multiple physiological changes
expected during pregnancy include aggravation of vaso-
occlusive crisis, increased incidence of acute chest syndrome,
skin ulcers, thromboembolic events and osteonecrosis among
others [10]. Data from 2004 to 2010 Multistate Medicaid data-
bases showed that women with SCD had higher risk of venous

thromboembolic events (VTEs), infections and transfusions,
among multiple other complications [11]. In addition, anemia
is expected to worsen during pregnancy with higher transfu-
sion requirements. Pregnancy in individuals with SCD has
been associated with a higher risk for cesarean section deliv-
ery, eclampsia, and pre-eclampsia [12]. A systematic review
and meta-analysis of studies in pregnancy in SCD previously
confirmed significant increases in maternal mortality, pre-
eclampsia, stillbirth, preterm delivery and infants with low
birth weight [13], with meta-regression demonstrating that
increased relative risks were associated with genotype (HbSS
versus HbSC) and low gross national income, and these find-
ings were again confirmed in a more recent systematic review
and meta-analysis [14]. A recent data including a 10-year
retrospective study at the University of lllinois Health System
(UIH), reported outcomes of 177 women over the age of 18
with SCD and pregnancy (208 pregnancies) [15]. The majority
had HbSS genotype (around 63%), and were 18 to 25 years of
age, with single pregnancies reported in around 77% of
females. Around 45% required a cesarean delivery, while the
cohort had a statistically significant increased risk of VOC
during pregnancy when compared to the 12 months before
or after, with a slight trend of increase in thromboembolic
events. In addition, this data identified VOC and HbSS geno-
type as significant predictors of adverse maternal outcomes
including C-section and transfusion requirement at delivery
[15]. Data from 99 participants followed in a prospective
cohort reported increased incidence of acute pain during
pregnancy 49.5% (n = 74) as compared to that in the post-
partum period-18.2% (n = 18), with a significantly increased
pain rate (6 fold) as well as acute chest syndrome (4 fold-0.4
versus 0 events/patient-years (P = 0.001; Wilcoxon rank test)
during pregnancy, mostly during the third trimester [16]. Lewis
et al also reported higher incidence of acute chest syndrome
(adjusted relative risk (aRR) 13.7; 95% Cl 4.1-45.5), urinary tract
infection (@aRR 12.8, 95% Cl 1.3-125.9), as well as maternal
mortality, among 71 women with SCD (SS genotype) who
had 177 pregnancies when compared to controls [17].

Hypertensive disorders of pregnancy have been commonly
reported in women with SCD, related to the underlying
chronic inflammation and endothelial damage, with pre-
eclampsia rates as high as 12% [18] and risk increased by
around 2.42 folds [19]. Splenectomy and defective splenic
functions are known to add to the already increased risk of
infections associated with pregnancy; and the hypercoagul-
able state that characterizes pregnancy is further exacerbated
by the coagulopathy of SCD thus leading to significantly
increased risk of thromboembolic events during pregnancy
and in the post-natal period.

4. Fetal complications

Placental vaso-occlusion can lead to necrosis and infarction
causing uteroplacental insufficiency and thus fetal hypoxia
resulting in several fetal complications [20]. These include
spontaneous abortions/stillbirths, impaired intrauterine
growth with low birth weight, and preterm delivery among
others. The general health of the mother, severity of anemia,



multiple pregnancies, and possible history of drug abuse can
further adversely impact fetal outcomes [21]. Intrauterine
growth retardation has been reported to be as high as fivefold
in women with SCD compared to the general population [3].

A meta-analysis including more than 26,000 pregnancies
with various SCD genotypes documented a higher risk of small
for gestational age neonates compared to the control group
(reaching more than 3.7 in those with HbSS) [12]. A statistically
significant difference was also reported in the mean birth
weight/percentile among neonates born to mothers with
SCD (2918 g) compared to the control group (3176 g) [22].
The risk for preterm delivery has also been reported to be
increased in SCD, despite the failure to identify clear under-
lying mechanisms; nonetheless multiple contributing factors
have been suggested including increased production of pros-
taglandins, anemia with the associated hypoxia, placental dis-
orders, among multiple others more commonly affecting
pregnancy associated with SCD. Multiple other fetal/neonatal
complications are increased including respiratory distress syn-
drome and neonatal jaundice [23]. The rate of neonatal death
has varied across studies depending on the geographic loca-
tion and thus socioeconomic status (the risk of stillbirth can be
increased by around 5 folds in developing countries [24].
Recent data reported by Lewis et al documented increased
risk of low-birth weight (aRR 3.0, 95% CI 1.6-5.3) and preterm
deliveries in women with SCD (71 women-177 pregnancies)
[17]. Table 1 includes recently reported maternal and fetal
complications among SCD women.

Importantly, risk factors for adverse outcomes have been
suggested utilizing data from a retrospective cohort of preg-
nant women with SCD. Genotype has been identified as
a predictor of both maternal and fetal outcomes, on the
other hand low hemoglobin during the first trimester, prior
VOC requiring hospitalization, need for multiple transfusion
preconception, and a history of cardiac complications were
significant factors affecting maternal outcomes; while younger
age, and LDH affected fetal outcomes [29]. Maternal weight
gain (especially during weeks 25-30 gestation) has been
shown to have a significant impact on birthweight, while this
relationship is delayed among women with sickle cell disease

Table 1. Recently reported maternal and fetal complications in SCD.
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[30]. Pain crisis during pregnancy has been associated with
a significant reduction in crown-heel length at birth [31].

5. Perinatal care

The achievement of optimal outcomes for any pregnancy in
women with SCD depends on the utilization of
a multidisciplinary management approach that ideally should
be initiated at the preconception stage and continued until
the post-partum period. This should include continuous inte-
grative communication between hematologists, obstetricians
with experience in high-risk pregnancies, and pain specialists.

5.1. Prenatal period

Women with SCD should be regularly counseled regarding
fertility and pregnancy planning during each follow up visit,
where information regarding previous medical history as well
as vaccination status should be regularly updated.

For women on hydroxyurea, counseling should be pro-
vided regarding the need to discontinue therapy prior to
conception [32]. The Sickle Cell Disease Implementation
Consortium reported data on the use of hydroxyurea and
pregnancy outcomes among 1285 women (1788 pregnan-
cies), where use during conception and pregnancy led to an
increase in the risk of miscarriage or stillbirths (OR 2.21;
1.40-3.47), a risk which was not confirmed when use of
hydroxyurea was limited to time of conception [33]. These
results provide evidence that the use of hydroxyurea might
be safe until conception, while caution should be advised
regarding its continued use during pregnancy. In addition,
prenatal diagnosis and genetic counseling should be offered
to all couples. Diagnostic procedures include chorionic vil-
lous sampling during the first trimester, amniocentesis or
cordocentesis during the second trimester [34]. Multiple
additional prenatal diagnostic procedures in addition to
preimplantation genetic diagnosis can also be utilized for
optimal decision making.

Maternal Complications

Author (year) Maternal Mortality VoC ACS Pre-eclampsia cs
Lewis et al (2021) [17] 3.6% (n = 5) 16.4% (n = 23) 22.1% (n = 31) 15.7% (n = 22) NA
Proske et al (2021) [25] 0 83.9% (n = 26) 12.9% (n = 4) NA 67% (n = 16)
Asare et al (2019) [16] 0 49.5% (n = 74) 15.2% (n = 15) NA NA
Gaddikeri et al (2017) [26] 8.3% (n=4) 58.3% (n = 31) NA 33.3% (n = 4) 25% (n = 14)
Elenga et al (2016) [27] 0% 19% (n = 5) 4% (n=1) 11% (n = 3) 37% (n = 10)
Boafor et al (2015) [12] 3% (n = 46) NA NA 10.3% (n = 229) 35.5% (n = 1354)
Desai et al (2014) [28] NA 47.3% (n = 62) NA 6.1% (n = 8) 17.6% (n = 23)
Fetal Complications
Authors (year) Prematurity LBW IUGR Stillbirth Neonatal death
Kroner et al (2022) [33] 35.6% (n = 384) 6.4% (n = 69) NA 2.6% (n = 40) NA
Lewis et al (2021) [17] NA 46% (n = 49) NA 8.6% (n = 14) 11 (n=2)
Proske et al (2021) [25] 35% (n=11) NA NA NA NA
Gaddikeri et al (2017) [26] 25% (n = 14) 84.6% (n = 21) 50% (n = 27) 8.3% (n = 4) 83% (n = 4)
Elenga et al (2016) [27] 41% (n = 11) NA 19% (n = 5) 37% (n=1) 0
Boafor et al (2015) [12] 21% (n = 437) 16.5% (n = 322) 12.2% (n = 290) 8.1% (n = 131) 2.5% (n = 24)
Desai et al (2014) [28] 45% (n = 59) NA 2.8% (n = 3) 9.9% (n = 13) NA
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5.2. Ante-natal period & intra-partum care

Women with SCD should be maintained on folic acid through-
out pregnancy, with iron supplements, and antibacterial pro-
phylaxis as needed.

In the perinatal period, worsening anemia can be multi-
factorial and needs to be evaluated adequately and managed
as needed, noting that the RCOG guidelines (Royal College of
Obstetrician and Gynecologists) [35] and American Society of
Hematology (ASH) do not recommend routine prophylactic
packed red blood transfusion. Previous studies had suggested
prophylactic transfusions prevent materno-fetal complications,
however this remains controversial and is not currently recom-
mended by various international guidelines given the
increased risks for alloimmunization, iron overload, and trans-
fusion reactions among others, especially with more recent
data questioning any significant impact on materno-fetal out-
comes, including results from a Cochrane review indicating
weak evidence of benefit with scheduled transfusions [35].
A previous randomized trial including 72 women comparing
scheduled to on-demand transfusion, showed decreased odds
of pain episodes with no effect on fetal complications with the
scheduled group [36].

The ASH guidelines recommend consideration of prophy-
lactic transfusion in women with a prior history of SCD asso-
ciated complications, specifically during pregnancy, or those
with additional comorbidities that would require a higher
target hemoglobin [37]. Based on available data, an individua-
lized transfusion plan is essential for optimal care, addressing
indication, goals and monitoring [38]. Exchange transfusion is
generally recommended in stroke and acute chest syndrome.
Recently, results from a preliminary retrospective study includ-
ing 191 pregnancies who were followed at 2 centers between
2005 and 2014, suggested a possible role for targeted transfu-
sion in combination with home-based prophylactic nocturnal
oxygen therapy [39,40].

Importantly, the possibility of nutrient deficiency should be
considered and adequately evaluated in women with exacer-
bation of anemia. A recent systematic review showed wide
variation in the prevalence of iron deficiency in pregnant
women with SCD [36]. The only published randomized con-
trolled trial of prophylactic iron supplementation in this popu-
lation was too small to draw conclusions. It remains prudent
to treat iron deficiency anemia when it arises.

Women with SCD should be closely monitored during
pregnancy to prevent, properly diagnose and manage any
complication to optimize outcomes. Regular surveillance for
infections is advised [3]. Monitoring for proteinuria in addition
to regular monitoring of blood pressure is essential given the
risk of pre-eclampsia, while the initiation of low-dose aspirin is
recommended starting from week 12 for those at high risk of
pre-eclampsia [18].

In addition, the management of VOC should start with the
preparation of a pain control plan to be utilized during preg-
nancy. For pregnant women with VOC, hospitalization is
required for adequate hydration and pain relief, with recom-
mendations to avoid meperidine for associated toxicity [41]. In
case of suspected or documented acute chest syndrome, anti-
biotics in addition to hydration and analgesia is recommended

with consideration of blood transfusion as indicated, in addi-
tion to adequate imaging to rule out an associated throm-
boembolic event. In addition, consideration for the possibility
of a cerebrovascular accident is needed with any new neuro-
logical complaints.

Decision regarding the optimal timing and mode of deliv-
ery should be made with communication between the hema-
tologist and obstetrician. Adequate fluid balance and
temperature should be maintained during labor and post-
delivery, in addition to appropriate analgesia, with continuous
monitoring of fetal heart rate.

The risk of thromboembolic events is increased during preg-
nancy and in the post-partum period, and thus adequate throm-
boprophylaxis should be offered to patients during any
immobilization and up to at least 6 weeks post-partum, similar
to other hypercoagulable conditions. Figure 2 includes sug-
gested monitoring and management across the three trimesters
as currently recommended by different guidelines [21,32,38].

6. Conclusion

Despite advances in the care for individuals with SCD which
has allowed improved survival, thus enabling an increased
number of women to reach reproductive age and accordingly
attempt pregnancy, there remains an unmet need in the
management of these individuals. With the limited available
data, and difficulty to plan randomized controlled trials, many
unmet needs still constitute a barrier to achieving optimal
maternal and fetal outcomes. Pregnancy in women with SCD
remains a high-risk entity that requires adequate multidisci-
plinary approach to prevent, screen for, diagnose and manage
complications.

7. Expert opinion

With the recent advancement in the care for individuals with
SCD, survival has significantly improved, and this has
allowed the possibility for improving fertility and attempting
pregnancy. Nonetheless, pregnancy among women with
SCD remains high risk and can be associated with significant
maternal and fetal complications. These include worsening
anemia, thromboembolic events (deep vein thrombosis/pul-
monary embolus), infections, increased mortality risk, in
addition to multiple adverse fetal outcomes such as still-
birth, intrauterine growth retardation, prematurity, as well
as low birth weight among others. Multiple previous and
recent data have documented a significant increase in the
risk for these complications in women with SCD. However,
the wide variability in the available studies related to geo-
graphic location, specific genotype among other character-
istics affects the ability to draw clear conclusions regarding
outcomes or risk factors.

The optimal care for these women depends on the establish-
ment of a multidisciplinary approach creating a complete care
plan that starts from preconception planning to the post-natal
management. This usually includes the communication among
multiple health care providers namely a hematologist with spe-
cific expertise in the management of hemoglobinopathies, an
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Figure 2. Peri-natal care for women with SCD.

obstetrician with experience in high-risk pregnancies, pain team
among multiple others as needed. This integrative approach
should be initiated from the preconception period and extended
till the post-partum period to include neonatologists that can
assess and manage neonates born to women with SCD.

In order to have a successful pregnancy, women should
be closely monitored, and interventions provided as needed
to guarantee adequate management of anemia, prevention,
diagnosis and management of disease, as well as pregnancy
associated complications. Periodic visits should be initiated
from the first trimester evaluating comorbidities that would
further increase the risk of various complications, reviewing

and reconciling medications, discontinuing hydroxyurea if
still ongoing in addition to any medication with suggested
or documented teratogenic effects. Initiating low dose
aspirin around 12 weeks of gestation is recommended.
Serial monitoring of the fetus is also recommended to assess
for possible intrauterine growth retardation.

Worsening anemia remains among the most commonly
encountered adverse events, which can be related to multiple
etiologies including acquired infections, nutrient deficiencies,
bleeding among others. In the management of anemia, the
role of prophylactic transfusion in an attempt to prevent
multiple complications and improve outcomes, has remained
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controversial, but available data suggest that red blood cell
transfusion will be generally required at some point during
these pregnancies. With the currently available data, there is
limited evidence that the utilization of prophylactic scheduled
transfusions would significantly alter the maternal and/or fetal
outcomes in SCD. Future trials need to identify risk factors for
proper risk stratification of patients to allow the adoption of
an individualized transfusion plan. Other preventive measures
including low-dose aspirin for women with high risk for pre-
eclampsia are generally recommended.

Women with SCD should be educated regarding their repro-
ductive health, emphasizing that pregnancy is possible, and
achieving optimal results depends mainly on providing adequate
care in an experienced health care facility with expertise in high
risk pregnancies and SCD. Nonetheless, much of the data we have
available regarding outcomes of pregnancies in women with SCD
come from retrospective analysis, single center experience or
significantly heterogeneous population. Future data is awaited
to adjust monitoring and management recommendations.

Funding

This paper was not funded.

Declaration of interest

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

ORCID

Rayan Bou Fakhredin () http://orcid.org/0000-0002-6113-5094
Ali T. Taher @ http://orcid.org/0000-0001-8515-2238
References

Papers of special note have been highlighted as either of interest (-) or of
considerable interest (s+) to readers.

1. Piel FB, Steinberg MH, Rees DC. Sickle cell disease. N Engl J Med.
2017 Apr 20;376(16):1561-1573. PMID: 28423290.

2. Koshy M. Sickle cell disease and pregnancy. Blood Rev. 1995 Sep;9
(3):157-164. PMID: 8563517.

3. Jain D, Atmapoojya P, Colah R, et al. Sickle cell disease and
pregnancy. Mediterr J Hematol Infect Dis. 2019 Jul 1;11(1):
€2019040. PMID: 31308916; PMCID: PMC6613624.

4, Kato GJ, Piel FB, Reid CD, et al. Sickle cell disease. Nat Rev Dis
Primers. 2018 Mar 15;4:18010. PMID: 29542687.

5. Jesus ACDS, Konstantyner T, Lobo IKV, et al. Socioeconomic and
nutritional characteristics of children and adolescents with sickle
cell anemia: a systematic review. Rev Paul Pediatr. 2018 Oct-Dec;36
(4):491-499. PMID: 30540112; PMCID: PMC6322809.

6. Luban NL, Leikin SL, August GA. Growth and development in sickle
cell anemia. preliminary report. Am J Pediatr Hematol Oncol. 1982
January;4(1):61-65. PMID: 7091577.

20.

21.

22.

23.

24,

25.

. Gaytan

. Hagag AA, El-Farargy MS, Elrefaey S, et al. Study of gonadal hor-

mones in Egyptian female children with sickle cell anemia in
correlation with iron overload: single center study. Hematol Oncol
Stem Cell Ther. 2016 Mar;9(1):1-7. Epub 2015 Dec 2. PMID:
26684919.

. Chase AR, Howard J, Oteng-Ntim E. Ovarian sickling as a proposed

mechanism for premature ovarian failure necessitating ovum
donation. Menopause Int. 2009 Jun;15(2):70-71. PMID: 19465672.
M, Morales C, Bellido C, et al. Non-steroidal
anti-inflammatory drugs (NSAIDs) and ovulation: lessons from
morphology. Histol Histopathol. 2006 May;21(5):541-556. PMID:
16493584.

. Villers MS, Jamison MG, De Castro LM, et al. Morbidity associated

with sickle cell disease in pregnancy. Am J Obstet Gynecol. 2008
Aug;199(2):125.e1-5. Epub 2008 Jun 4. PMID: 18533123.

. Boulet SL, Okoroh EM, Azonobi |, et al. Sickle cell disease in preg-

nancy: maternal complications in a medicaid-enrolled population.
Matern Child Health J. 2013 Feb;17(2):200-207. PMID: 23315242;
PMCID: PMC4394367.

. 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 Apr;123
(5):691-698. Epub 2015 Dec 15. PMID: 26667608.

. 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 May 21;125
(21):3316-3325. Epub 2015 Mar 23. PMID: 25800049.

of interest

. Aghamolaei T, Pormehr-Yabandeh A, Hosseini Z, et al. Pregnancy in

the sickle cell disease and fetomaternal outcomes in different sickle
cell genotypes: a systematic review and meta-analysis. Ethiop
J Health Sci. 2022 Jul;32(4):849-864. PMID: 35950054; PMCID:
PMC9341032.

of interest

. Singh A, Olsen C, Zhang X, et al. Complications in pregnancy of

sickle cell disease. Blood . 2020 Nov;136(Supplement 1):32-33.

. 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 Dec;94(12):E328-E331. Epub
2019 Oct 15. PMID: 31571271.

. Lewis G, Thame M, Howitt C, et al. Pregnancy outcome in homo-

zygous sickle cell disease: observations from the jamaican birth
cohort. BJOG. 2021 Sep;128(10):1703-1710. Epub 2021 Apr 6.
PMID: 33683802.

. Chang JN, Magann EF, Novotny SA, et al. Maternal/perinatal out-

come in women with sickle cell disease: a comparison of two time
periods. South Med J. 2018 Dec;111(12):742-745. PMID: 30512127.

. 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 anaemia (HbSS) with HbSC disease. Br
J Haematol. 2015 Apr;169(1):129-137. Epub 2014 Dec 18. PMID:
25522142.

Hassell K. Pregnancy and sickle cell disease. Hematol Oncol Clin
North Am. 2005 Oct;19(5):903-16, vii-viii. PMID: 16214651.

Powars DR, Sandhu M, Niland-Weiss J, et al. Pregnancy in sickle cell
disease. Obstet Gynecol. 1986 Feb;67(2):217-228. PMID: 3945432.
Meeks D, Robinson SE, Macleod D, et al. Birth weights in sickle cell
disease pregnancies: a cohort study. PLoS One. 2016 Oct 24;11(10):
e0165238. PMID: 27776167; PMCID: PMC5077113.

Natu N, Khandelwal S, Kumar R, et al. Maternal and perinatal out-
come of women with sickle cell disease of a tribal population in
Central India. Hemoglobin. 2014;38(2):91-94. Epub 2014 Jan 13.
PMID: 24417305.

Smith-Whitley K. Complications in pregnant women with sickle cell
disease. Hematology Am Soc Hematol Educ Program. 2019 Dec
6;2019(1):359-366. PMID: 31808864; PMCID: PMC6913482.

Proske P, Distelmaier L, Aramayo-Singelmann C, et al. Pregnancies
and neonatal outcomes in patients with Sickle Cell Disease (SCD):
still a (high-)risk constellation? J Pers Med. 2021 Aug 30;11(9):870.
PMID: 34575647; PMCID: PM(C8464744.



26.

27.

28.

29.

30.

31.

32.

33.

Gaddikeri A, Pajai SP, Rathod AD. Pregnancy and its outcomes in
sickle cell hemoglobinopathies: a study of central India. J South
Asian Feder Obst Gynae. 2017;9(4):399-403

Elenga N, Adeline A, Balcaen J, et al. Pregnancy in sickle cell disease
is a very high-risk situation: an observational study. Obstet Gynecol
Int. 2016;2016:9069054. Epub 2016 Jun 15. PMID: 27403164;
PMCID: PMC4926018.

Desai G, Anand A, Shah P, et al. Sickle cell disease and pregnancy
outcomes: a study of the community-based hospital in a tribal
block of Gujarat, India. J Health Popul Nutr. 2017 Jan 21;36(1):3.
PMID: 28109314; PMCID: PMC5251338.

Malinowski AK, Kuo KHM, Tomlinson GA, et al. Distinct maternal
and fetal pregnancy outcomes in women with sickle cell disease
can be predicted using routine clinical and laboratory data. Br
J Haematol. 2021 Sep;194(6):1063-1073. Epub 2021 Jun 14. PMID:
34124774; PMCID: PMC8518407.

Thame M, Lewis J, Hambleton |, et al. Pattern of pregnancy weight
gain in homozygous sickle cell disease and effect on birth size.
West Indian Med J. 2011 Jan;60(1):36-40. PMID: 21809709.

Thame MM, Osmond C, Serjeant GR. Fetal growth in women with
homozygous sickle cell disease: an observational study. Eur
J Obstet Gynecol Reprod Biol. 2013 Sep;170(1):62-66. Epub 2013
Jun 6. PMID: 23746798.

No GT. Management of sickle cell disease in pregnancy. 2011 Jul
61;London:Royal college of Obstetricians and Gynaecologists.
(Green-top Guideline. https://www.rcog.org.uk/globalassets/docu
ments/guidelines/gtg_61.pdf

of considerable interest

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 May;97(5):603-612. Epub
2022 Feb 17. PMID: 35142007; PMCID: PMC8986611.

34.

35.

36.

37.

38.

39.

40.

41.

EXPERT REVIEW OF HEMATOLOGY 1061

Colah RB, Gorakshakar AC, Nadkarni AH. Invasive & non-invasive
approaches for prenatal diagnosis of haemoglobinopathies: experi-
ences from India. Indian J Med Res. 2011 Oct;134(4):552-560. PMID:
22089620; PMCID: PMC3237256.

Okusanya BO, Oladapo OT. Prophylactic versus selective blood
transfusion for sickle cell disease in pregnancy. Cochrane
Database Syst Rev. 2016 Dec 22;12(12). CD010378. PMID:
28005272; PMCID: PMC6463955.

Koshy M, Burd L, Wallace D, et al. Prophylactic red-cell transfusions
in pregnant patients with sickle cell disease. A randomized coop-
erative study. N Engl J Med. 1988 Dec 1;319(22):1447-1452. PMID:
3054555.

Chou ST, Alsawas M, Fasano RM, et al. American society of hema-
tology 2020 guidelines for sickle cell disease: transfusion support.
Blood Adv. 2020 Jan 28;4(2):327-355. PMID: 31985807; PMCID:
PMC6988392.

of considerable interest

Howard J, Oteng-Ntim E. The obstetric management of sickle cell
disease. Best Pract Res Clin Obstet Gynaecol. 2012 Feb;26(1):25-36.
Epub 2011 Nov 22. PMID: 22113135.

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 Jun;93(6):794-802. Epub
2018 Apr 17. PMID: 29603363; PMCID: PMC6001537.

Aroke D, Kadia BM, Njim T. Iron stores in pregnant women with
sickle cell disease: a systematic review. BMC Pregnancy Childbirth.
2020 Oct 16;20(1):627. PMID: 33066749; PMCID: PMC7566031.
Boga C, Ozdogu H. Pregnancy and sickle cell disease: a review of
the current literature. Crit Rev Oncol Hematol. 2016 Feb
1,98:364-374.


https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_61.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_61.pdf

	Abstract
	1.  Introduction
	2.  Fertility in SCD
	3.  Maternal complications
	4.  Fetal complications
	5.  Perinatal care
	5.1.  Prenatal period
	5.2.  Ante-natal period & intra-partum care

	6.  Conclusion
	7.  Expert opinion
	Funding
	Declaration of interest
	Reviewer disclosures
	References

