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Abstract

Because of chronic anemia, hypogonadotropic hypogonadism, and iron chelation, pregnancy in homozygous and heterozy-
gous compound beta-thalassemia patients stays a challenge. Pregnancies of transfused beta-thalassemia women registered
in the French National Registry, conducted between 1995 and 2015, are described. These pregnancies were compared with
pregnancies in healthy women and to data previously published in the literature. Fifty-six pregnancies of 37 women were
studied. There were 5 twin pregnancies. Assisted reproductive technologies (ART) were used in 9 pregnancies. Median term
at delivery was 39 amenorrhea weeks, and median weight at birth was 2780 g. Cesarean section was performed in 53.6%
of the pregnancies. There were 6 thromboembolic events, 6 serious infections, 6 pregnancy-induced hypertensions (PIH),
6 intrauterine growth retardations (IUGR), 5 severe hemorrhages, 4 gestational diabetes, 3 alloimmunizations, 2 heart dis-
eases, and 1 pre-eclampsia. There were 5 infections and 4 osteoporosis in the first year of post-partum. ART and cesarean
sections were more often used in the beta-thalassemia group, compared to control subjects. Thromboembolic events, PIH,
hemorrhage at delivery, and IUGR were more frequent in the beta-thalassemia group. Time to delivery was not different,
but infant weight at birth was significantly smaller in the beta-thalassemia group. In the post-partum period, global maternal
complications were more frequent in the beta-thalassemia group. Pregnancy in transfused beta-thalassemia women is safe
with rare obstetrical and fetal complications. Cesarean section remains often chosen, and infant weight at birth remains
smaller than that in the general population, despite delivery at full term.
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Introduction

Beta-thalassemia is one of the most common autoso-
mal recessive disorders worldwide. A higher prevalence
involves Mediterranean countries (mainly Italy, Greece,
Cyprus, and countries of the north coast of Africa) and
South-East Asia [1-3]. Beta-thalassemia results from the
reduction or absence of beta globin chain synthesis of the
hemoglobin (Hb) tetramer [1]. Unassembled alpha chains
precipitate, leading to oxidative damage of the erythro-
cyte membrane and to apoptosis (ineffective erythropoie-
sis) [1, 2, 4].

Only homozygous or heterozygous compound beta-
thalassemia patients are clinically symptomatic. Thalas-
semia major (TM) represents the most severe phenotype.
Symptoms occur during the first 2 years of life, leading to
transfusion dependency and iron overload which is poten-
tially responsible for endocrinal deficiencies (especially
hypogonadotropic hypogonadism), hepatic fibrosis, and
progressive heart failure [1], leading to deaths in 71% of
cases [5]. With better transfusion management and early iron
chelation, survival and quality of life improved these last
10 years for these patients.

Patients with thalassemia intermedia (TT) develop symp-
toms later in their lifetime and require little or no transfusion
needs. However, they also often present iron overload, due
to iron hyperabsorption by inhibition of hepcidin expression
(1, 6, 7). Severity of symptoms mainly depends on residual
beta-globin chain synthesis.

Because of chronic anemia, hypogonadotropic hypo-
gonadism, and iron overload, pregnancy in TM and TI
women is challenging and requires a multidisciplinary
decision-making [8]. Since the first published case in
1969 of a successful pregnancy in a woman with TM
[9], numerous descriptive series have been reported
[10-26].

The aim of the present study was first to describe preg-
nancy management in transfused women with homozygous
or heterozygous compound beta-thalassemia registered in
the French National Registry, secondly to compare preg-
nancy outcomes with those in healthy women, and finally
to compare our results to data previously published in the
literature.

Materials and methods

This is a retrospective, multicenter, descriptive, and cross-
sectional study, conducted between 1995 and 2015 in
France. All women were reported for having TM or TI,
requiring at least one red blood cell (RBC) transfusion dur-
ing pregnancy.

@ Springer

Patient data

Data were retrospectively collected from clinical charts.
The study was performed in accordance with guidelines of
the National Ethics Committee, and each patient signed a
written informed consent or gave her oral consent before
inclusion in the French National Registry.

Demographic information and women clinical and
biological characteristics (thalassemia complications, co-
infections, transfusions, iron chelation), were collected
at the time of registration. Pregnancy characteristics and
outcomes and data regarding management of the disease
during pregnancy were also collected. Maternal and neo-
natal complications and thalassemia management were
also reviewed after 1-year follow-up post-delivery.

Control subjects

Pregnancies in healthy women were used as controls.
Beta-thalassemia women and healthy women were only
compared for their first pregnancy. One TM or TI case was
paired with two control cases. Healthy women and beta-
thalassemia women were matched on age at first pregnancy
and on parity. Healthy women were selected from data
bases of a unique tertiary hospital maternity.

Review from the literature

Regarding the review of prior published series, the Medline
database (National Library of Medicine, Bethesda, MD) was
searched from August 1995 to June 2017, using the follow-
ing words: “beta-thalassemia,” “beta-thalassemia major,”
“thalassemia,” “homozygous beta thalassemia,” “beta-
thalassemia intermedia,” and “pregnancy.” References of
included papers were further screened to identify reports that
could have been missed by the initial search. Only articles
in English were selected. We excluded articles about minor
beta-thalassemia, cases of other types of thalassemia, and
series with less than five cases. Eighteen reports were then
identified leading to 941 reported cases.

Statistical analysis

Descriptive data were reported as means or medians with
interquartile range (IQR). Fisher test was used for the com-
parison with the control cohort. In all analyses, p values
less than 0.05 were considered statistically significant. All
analyses were performed using R v3.0.0 (R Foundation for
Statistical Computing, Vienna, Austria).
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Results
Patient characteristics

Sixty-eight women with TM or TI included into the French
National Registry had at least one pregnancy between 1995
and 2015. Among them, 31 women were excluded from
our study: 2 women with TM who underwent hematopoi-
etic stem cell transplantation; 7 women with TI who did
not require chronic red blood cell transfusions regimen; 16
women whose first pregnancy was before 1995; 4 women
who were lost of follow-up; and 2 women with incomplete
medical record. Overall, 37 women were included in the
study: 16 with TM and 21 with TI. Women characteristics
before pregnancy are summarized in Table 1. Seven women
had a positive hepatitis C virus (HCV) serology, of which
2 TI patients with an active form who required Interferon
and Ribavirin therapy before pregnancy. None had a human
immunodeficiency virus (HIV) or hepatitis B virus (HBV)

Table 1 Women characteristics before pregnancy

Characteristics TM women TI women All
(n=16) (n=21) women
(n=37)
Thalassemia features
Splenectomy 10 10 20
Hypothyroidism 2 0 2
Hypoparathyroidism 1 0 1
Amenorrhea
Primary 6 1 7
Secondary 3 2 5
Osteoporosis 5 3 8
Hepatic fibrosis 0 3 3
TE events 1 2 3
Hypersplenism 1 1 2
Cholecystectomy 9 5 14
Renal lithiasis 1 0 1
Skin ulcerations 0 2 2
EM hematopoiesis 2 4 6
Thalassemia management
Transfusion dependency 16 3 19
Mean interval (days) 28 35 28
EPO 1 2 3
Iron chelation
Phlebotomy 0 3 3
Deferasirox 1 2
Deferoxamine 10 4 14
Deferoxamine + Deferiprone 3 1 4
Deferasirox + phlebotomy 1 1

positive serology. Seven women had primary amenorrhea
and received a hormonal substitutive treatment. Five women
presented secondary amenorrhea. One of them received a
hormonal supplementation. All TM women and 3 TI women
regularly required red blood cells (RBC) transfusions before
pregnancy. Median hepatic iron concentration before preg-
nancy was 280 pmol/g (300 for TM and 240 for TI, IQR:
200-350). Two TM patients had cardiac iron deposition
before pregnancy (MRI T2* 10 and 16 ms), but one of
women had diabetes mellitus or cardiac function deteriora-
tion. Iron chelation was performed in 87.5% of TM cases
and in 48% of TI cases. Two TM women were not in chela-
tion treatment, due to lack of observance or lack of special-
ized follow-up. Two TI women who had phlebotomies were
treated by erythropoietin. One TM patent was treated by
erythropoietin despite transfusions. These 3 women were
followed in the same hospital.

Thalassemia management during pregnancy

Iron chelation was stopped during pregnancy, except in one
case which kept going with deferoxamine. In TM women,
the median RBC transfusion interval was 21 days (IQR:
14-28) during pregnancy. In TI women, transfusion need
was marginal (<3 times) for 11 pregnancies and at regular
intervals for 19 pregnancies with a median RBC transfu-
sion interval of 28 days (IQR: 21-70). Transfusions were
required after a median of 22 weeks of amenorrhea (IQR:
0-41) for TI women. Platelet antiaggregant therapy was
introduced for 8 pregnancies (2 TM and 6 TI) and antico-
agulant prophylaxis for 4 pregnancies (2 TM and 2 TI). Hb
and ferritin levels during pregnancy and after delivery are
shown in Fig. 1.

Pregnancy outcome

During the time of study, the 37 included patients had
79 pregnancies. Fifty-six pregnancies were analyzed of
which 5 twin pregnancies. Twenty-three pregnancies
were excluded from the analyses because of early mis-
carriage (16 pregnancies), missing data (4 pregnancies),
and absence of RBC transfusion need (3 pregnancies).
Most pregnancies (84%) were conceived without assisted
reproductive technologies (ART). ART was used in 9
pregnancies: ovarian stimulation (3 pregnancies), arti-
ficial insemination (2 pregnancies), in vitro fertilization
(2 pregnancies), intra-cytoplasmic sperm injection (1
pregnancy), and oocyte donation (1 pregnancy). Char-
acteristics and outcomes of pregnancies are summarized
in Table 2. Mean age at the time of first pregnancy was
29 years (IQR 17-38). Mean number of pregnancies per
woman giving birth to a living baby was 1.7 (IQR 1-4).
The median time to delivery was 39 weeks of amenorrhea.
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Fig. 1 Hemoglobin and serum Ferritin (ug/l)

ferritin levels during pregnancy
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Twelve newborns were premature (born before 37 weeks
of amenorrhea). Median weight at birth was 2.78 kg.
Median 5-min Apgar score was 10. Cesarean section was
performed in 53.6% of the pregnancies, because of prior
uterine scar (8 cases), prolonged labor (6 cases), abnormal
fetal heart rate (3 cases), pathologic pelvis (3 cases), pre-
mature rupture of the membranes (2 cases), breech birth (1
case), pre-eclampsia (1 case), retroplacental hematoma (1

Table 2 Maternal and fetal events during pregnancy

Features TM pregnan- TI pregnan-  All preg-
cies (n=24) cies (n=32) nancies
(n=56)
Maternal events
Cesarean section 12 18 30
Cardiac dysfunction 1 1 2
TE event 2 4 6
Gestational diabetes 1 3 4
Alloimmunization 2 1 3
Infection 5 1 6
Cholestasis 1 0 1
Gallstone 1 0 1
EM hematopoiesis 0 1 1
PIH 2 4 6
Pre-eclampsia 0 1 1
Hemorrhage at delivery 2 3 5
Fetal events
Median weight at birth (Kg) 2.80 2.66 2.78
5-mn Apgar score 10 9.4 10
IUGR 1 5 6
Abnormal heart rate 2 2 4
Threatened premature labor 2 3 5
Cervical dystocia 1 0 1
Retroplacental hematoma 0 1 1
Intrauterine fetal death 0 1 1

Abbreviations: EM extramedullary, [UGR intrauterine growth retar-
dation, PIH pregnancy-induced high blood pressure, TE thromboem-
bolic
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case), curative anticoagulant treatment (1 case), maternal
heart failure (1 case), or for unidentified reasons (3 cases).

Six venous thromboembolic events in 4 women (1 TM
and 3 TI) were reported during pregnancy: One TI woman
with S protein deficit presented pulmonary embolism, while
the 3 others women presented deep vein thrombosis. Two
women were reported with heart disease not related to iron
overload (one pericarditis and one cardiac failure secondary
to infectious endocarditis). Severe infections were observed
in 6 cases, including 2 pneumonias and 2 Staphylococcus
aureus bacteremia favored by infected vascular devices
and prior splenectomy. Six women developed pregnancy-
induced high blood pressure (PIH) and one presented pre-
eclampsia. Three cases of alloimmunization were observed
during pregnancy (2 TM and 1 TI women). It was the first
pregnancy for each woman. Four women developed gesta-
tional diabetes. Five women had severe hemorrhage at deliv-
ery. There was one intrauterine fetal death due to a retropla-
cental hematoma.

One-year post-partum outcome

There was no neonatal or maternal death in the first year of
post-partum. Mothers decided to breastfeed in 66% of cases.
Five women developed an infection (2 endometritis, 2 breast
infections, one fever of unknown origin) during post-partum
period. No woman had antibiotic prophylaxis after delivery
to avoid these infections. Four women developed osteoporo-
sis. One woman had hearing loss, secondary to deferoxam-
ine. There were no thromboembolic events, no pulmonary
hypertension, and no cardiac or hepatic events. RBC transfu-
sions during the post-partum period were performed every
28 days in TM women (IQR 21-42) and were only continued
in 3 TI women (median interval of 60 days; IQR: 56-90).
Iron chelation was re-introduced after a median of 12 weeks
(IQR: 3-40) following delivery (always after breastfeeding)
in TM women and 14 weeks (IQR: 8-54) in TI women.
There was no evaluation of hepatic and cardiac iron charge
during the first post-partum year except for one TM patient
who had cardiac iron charge before pregnancy. The MRI T2*
improved after pregnancy (from 10 to 15 ms). Ten newborns
developed jaundice, and among them 3 had anemia.
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Comparison with the control cohort

Results regarding first pregnancies were compared with
those observed in healthy women (Table 3). In the beta-
thalassemia group, HCV infection was significantly more
frequent (p=0.003), ART use was more frequent (p =0.006),
and cesarean section was more often performed (p =0.002).
Thromboembolic events (p =0.01), PIH (»p =0.003), hem-
orrhage at delivery (p =0.012), and intrauterine growth
retardation (IUGR) (p=0.01) were also more frequent in
the beta-thalassemia group. Reversely, no differences were
observed in terms of twin pregnancies. The time to delivery
and the Apgar score were not significantly different among
the two groups, but infant weight at birth was significantly
smaller in the beta-thalassemia group (p =0.004). Post-
partum maternal complications were more frequent in the
beta-thalassemia group (p <0.001), especially regarding
infections (p =0.03).

Discussion

Despite some study limitations, such as its retrospective
design and its length over many years, leading to some miss-
ing data and patients lost of follow-up, we confirmed that
the number of transfused women with beta-thalassemia hav-
ing a safe and successful pregnancy is currently increasing
[12—14, 19, 26-29]. This can be explained by the improve-
ment in ART and iron chelation, and in RBC transfusion
management. However, pregnancy in transfused patients
with beta-thalassemia remains uncommon. This explains the

Table 3 Main differences during first pregnancy among thalassemia
women and healthy women (control group)

Features Control Thalas- p Value

group semia group

(n=174) (n=37)
HCYV serology positivity 0 6 0.003
ART 3 8 0.006
Cesarean section 13 19 <0.001
Anticoagulant prophylaxis 2 4 0.03
Platelet antiaggregants 1 8 <0.001
Thromboembolic events 0 4 0.01
PIH 0 5 0.003
Delivery hemorrhages 1 4 0.04
Median infant weight at birth 3.14 kg 2.78 kg 0.004
IUGR 2 6 0.01
Post-partum maternal events 1 9 <0.001
Post-partum infections 0 3 0.03

Abbreviations: ART assisted reproductive technologies, /[UGR intrau-
terine growth retardation, PIH pregnancy-induced high blood pres-
sure

small number of pregnancies found in our National Registry
over the last two decades. Moreover, while bone marrow
transplantation has led to a greater improvement of the dis-
ease, little data is currently available regarding the preg-
nancy outcome in transfused patients with beta-thalassemia.

Our study confirms prior published reports (Table 4)
[10-15, 17-31]. However, among initial symptomatology,
hypogonadotropic hypogonadism was less frequent in our
study: 19% of primary amenorrhea and 13.5% of secondary
amenorrhea versus 21.5% of primary amenorrhea and 26.1%
of secondary amenorrhea in a previous study from Italy [10]
and even 60% of secondary amenorrhea in another study
[19]. Similarly, osteoporosis (21.6%) was less frequently
observed in our series than in prior reports (33-41%) [13,
18, 19, 28]. Consequences of iron overload, such as hypo-
thyroidism, hypoparathyroidism, or hepatic fibrosis, were
observed, but there were no diabetes mellitus and no cardiac
failures in our cases. This could be explained by the French
guidelines which recommend pregnancy only after optimal
control of cardiac and metabolic complications [32]. Three
women presented thromboembolic events before pregnancy,
a well-known complication in patients with homozygous
beta-thalassemia favored by a prior splenectomy [1, 2, 33].
HCYV serology was positive in 18.9% of the patients, which
was less than the reported incidence in previous reports
(20-100%) [10, 11, 13, 18, 29]. One explanation is the bet-
ter screening of blood donors to exclude HCV blood form
transfusion and a better knowledge of this disease compared
to older studies.

Mean age at first pregnancy was in agreement with data
from the literature [11, 13, 14, 29]. ART was necessary for 9
pregnancies (16%), especially for women with TM [7]. Ovar-
ian stimulation is the first line therapy in these TM women
suffering from hypogonadotropic hypogonadism [34] and
was successful in 3 patients from our study. Assisted repro-
duction was necessary for 2 women with TI: one oocyte
donation, after ovarian stimulation failure, in one woman
with severe ovarian deficiency, and one intra-cytoplasmic
sperm injection for oligoasthenoteratozoospermia. ART use
in patients with beta-thalassemia appeared heterogeneous
in the literature but seemed more frequent in women with
T™ (10-63%) [10, 18-20, 22, 24, 25, 27, 29] than in those
with TT (0-10.2%) [14, 16, 26]. This is consistent with iron
overload, which is more frequent, more severe, and occurs
earlier in TM patients [1, 34]. Iron infiltration of the anterior
pituitary gland has also been described as one of the main
causes of hypogonadotropic hypogonadism in patients with
beta-thalassemia [34]. Furthermore, assisted reproduction
can induce a high rate of multiple pregnancies [21, 33] and
was found in 4 of the 5 twin pregnancies in our study.

Pre-term deliveries were observed in 21.4% of cases,
which is in agreement with other studies (0-35.2%) [2, 10,
11, 13, 14, 17-20, 22]. These cases could be explained by

@ Springer
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Table 4 Data from the literature

Reference Pregnancies Assisted Abortion Cesarean section Premature Time of Infant weight at TE events IUGR

(TM women+TI reproduc- delivery™  delivery™" birth ™™ (Kg)

women) tion (weeks)
[10] 6 (5+0) 17% 0" 100% 0 38 NI NI NI
[11] 129 (28 420) 17% 26% NI 11% NI NI 0 NI
[12] 153+7) 1% 7% 57% NI 38.5 2.60 NI NI
[13] 75 (46+11) 44% 7% 83% 30% NI NI 0 1%
[14] 60 (0+34) 10% 18% 67% 0 37 2.72 0 NI
[15] 22 (14+5) 0 9% 100% NI NI 3.08 NI NI
[17] 62 (6+22) 0 19% 24% 10% NI 2.67 0 NI
[18] 29 (22+0) 45% 17% 75% 17% NI 3.24 0 NI
[19] 5(5+0) 60% 0 80% 20% 37.2 2.64 0 0
[20] 123 (12340) 10% 9% 25% 20% NI 2.64 NI 0
[21] 11 (11+0) 100% 0" 73% NI NI 2.50 9% NI
[22] 5(+0) 40% 0 80% 20% 38.4 2.54 0 NI
[23] 152 (88+12) NI 5% NI 13% NI 2.70 0 NI
[24] 16 (11+0) 31% 19% 77% 23% 37.6 3.04 0 NI
[25] 9(9+0) 11% 22% 100% 0 37.7 2.83 NI NI
[26] 85 (0+48) 2% 7% 60% 3% 37 2.82 8% 1%
[30] 83 (0+44) 0 21% 73% 32% NI 2.55 7% 24%
(311" 54 (NI+NI) NI 0 29% 35% 36.4 NI NI NI
[27] 19 (15+0) 63% 21% 93% 75% NI NI NI 10%
[28] 14 (11+3) 79% 0 57% NI NI NI NI 14%
[29] 37 (30+0) 54% 0 89% NI 37 2.59 0 NI
Our study 56 (16+21) 16% 0" 54% 21% 37.7 2.76 11% 11%
“Early miscarriages were not counted. ““Abortions were excluded. ““Patients with heterozygous compound beta-thal/HbE. ““*Mean value.

Abbreviations: JUGR intrauterine growth retardation, NI not indicated, TE thromboembolic

multiple pregnancies and obstetrical complications [8].
Infant weight at birth was also consistent with data from the
literature [12, 14, 17, 19-23, 25, 26, 29, 30]. However, the
rate of cesarean sections was especially high in our study
(53.6%). Actually, this practice was very heterogeneous in
the previous reports ranging from 24 to 100% [10, 15, 17,
27-29]. In the beta-thalassemia setting, planning cesarean
section seemed easier, in order to avoid maternal and fetal
complications [8, 13, 19, 20]. Indeed, obstetrical compli-
cations are more frequently observed than in the general
population [8]. PIH and pre-eclampsia [13, 19, 21, 23, 28,
29], gestational diabetes [11-13, 27], and hemorrhages at
delivery [31] were frequently reported in previous publica-
tions. IUGR has been described with a higher prevalence in
women with beta-thalassemia and seems related to maternal
anemia, which reduces oxygen supply to the fetus [13, 16,
19, 26-28, 30].

Thromboembolic events are also well known complica-
tions in women with beta-thalassemia, especially with TI.
They are related to the presence of defective innate red blood
cells with disrupted membranes circulating in the blood-
stream that expose thrombogenic negatively charged lipids
on the external cell surface [8, 33]. Splenectomy increases

@ Springer

the incidence [1, 8, 33] that could also be majored during
pregnancy, despite prophylaxis using low-dose aspirin or
preventive anticoagulants [33, 35]. In our cohort, all the
patients who developed thromboembolic events during
pregnancy were splenectomized. Two of them had anterior
thromboembolic events and had S protein deficiency. The
thrombosis appeared despite anticoagulant prophylaxis for
these two women. None was treated by erythropoietin before
pregnancy. Alloimmunization was observed in 3 women
who were occasionally transfused before pregnancy. This
seemed also favored by a prior splenectomy [8, 13, 14, 33].

Regarding fetal complications, abnormal fetal heart rates
could be explained by the presence of non-transferrin-bound
iron in the serum of transfusion-dependent women, which
can cause cardiac dysrhythmias [35].

Two types of infections could be observed during preg-
nancy: first chronic infections, such as HIV and hepati-
tis, transmitted by the mother to the fetus, which were
not observed in our study, but could be more common
in developing countries [8, 20], and also bacterial infec-
tions, potentially favored by gestational estrogen and iron
overload that disturb the immune balance [35], by the fre-
quent prior history of splenectomy, and by the presence
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of implanted central venous access, relatively common in
case of transfusion dependency.

Cardiac issues were not observed in our study, as in
other recent studies [12—14], while severe adverse events
have previously been reported [8, 11, 17, 18, 23, 33, 35].
These lethal complications became uncommon with the
development of effective iron chelation and cardiac screen-
ing before pregnancy. Iron chelation should, however, be
avoid during the first trimester of pregnancy according to
expert recommendations but can be re-introduced during
the second and third trimesters in patients with a strong
treatment requirement [35-37].

Women with TM generally increase their RBC transfu-
sion needs during pregnancy [13]. This can be explained
by hemodilution and a Hb level cut-off at 10 g/dL in this
setting for transfusion [10, 13].

Post-partum evolution was relatively safe in our study.
The lack of severe maternal complications in the post-
partum period can be explained by a good management of
iron overload and chelation re-introduction rapidly after
delivery (median: 12 weeks).

To our knowledge, our study is the second one com-
paring pregnancy outcome of patients with thalassemia
with a control group. Luewan et al. compared in Thailand
women with compound beta-thalassemia/HbE with a con-
trol group and found more IUGR, pre-term delivery, and
lower infant weight at birth in the studied group [31]. Our
study confirmed a higher incidence of IUGR and a lower
infant weight at birth in the beta-thalassemia group. It
also showed more HCV positive serology (which can
be explained by transfusion-dependency in TM women)
and more ART-induced pregnancies in the thalassemia
group than in the healthy group. Cesarean section was
also more frequently used, for reasons described above.
Women with beta-thalassemia were more preventively
treated by anticoagulants or low-dose aspirin, because of
the thrombosis risk in this population. However, throm-
boembolic events remained more frequent for women
with beta-thalassemia than in the control group. More
post-partum complications were observed in thalassemia
women.

Overall, an increasing number of women with beta-
thalassemia can have children, despite frequent hypog-
onadotropic hypogonadism. Effective iron chelation and
advances in ART are major parts of this improvement.
Pregnancies in this population are relatively safe, with
few obstetrical and fetal complications. However, cesarean
section remains often chosen in beta-thalassemia women,
considering this situation at risk, and infant weight at birth
remains lower than that in the general population, despite
delivery at full term.
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