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a-Thalassemia mutations affect up to 5% of the world’s population. The clinical spectrum
ranges from an asymptomatic condition to a fatal in utero disease. Hemoglobin H disease
results from mutations of three a-globin genes. Deletional forms result in a relatively mild
anemia, whereas nondeletional mutations result in a moderate to severe disease character-
ized by ineffective erythropoiesis, recurrent transfusions, and growth delay. Hemosiderosis
develops secondary to increased iron absorption, as well as transfusion burden. Hemoglobin
Bart’s hydrops fetalis is usually a fatal in utero disease caused by the absence of a genes.
Population screening to identify at-risk couples is essential. Affected pregnancies result in
severe fetal and maternal complications. Doppler ultrasonography with intrauterine trans-
fusion therapy may improve the fetal prognosis but creates ethical challenges for the family
and health providers.

a-Thalassemia syndrome refers to a group
of hereditary anemias caused by absent or

decreased production of the a-chains of hemo-
globin. Up to 5% of the world’s population are
carriers for these common gene mutations
(Weatherall and Clegg 2001; Weatherall 2008).
There is marked phenotypic heterogeneity ina-
thalassemia resulting from the genotypic diver-
sity. At one end of the spectrum is a completely
asymptomatic phenotype resulting from one of
the four a genes being dysfunctional. At the
other end is a fatal in utero disease called hemo-
globin Bart’s hydrops fetalis, which results from
absence of the four a genes.

The phenotype of the a-thalassemias is di-
rectly related to the number of a-globin genes
affected. They are divided into the aþ-thalasse-
mias, in which one of the linked pair ofa genes is
deleted (–a/aa); and the a0-thalassemias, in

which both are deleted (–/aa). The heterozy-
gous state for aþ-thalassemia is clinically silent,
while the heterozygous state for a0-thalassemia
produces the a-thalassemia trait, a condition
that is hematologically similar to the b-thalas-
semia trait. The homozygous state for aþ-thal-
assemia results in a similar phenotype. The
inheritance of bothaþ-thalassemia anda0-thal-
assemia (–a/–) results in hemoglobin H dis-
ease. There are also nondeletional forms of
a-thalassemia (–aND/aa) caused by various
structural abnormalities of an a-globin gene.
When these are inherited together with a0-thal-
assemia (–aND/–), a more severe form of he-
moglobin H disease occurs. Hemoglobin H is a
tetramer of b-chains (b4), which is unstable
and has an extremely high oxygen affinity and
is thus unable to effectively deliver oxygen. It is
also relatively unstable and causes ineffective
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erythropoiesis and a hemolytic anemia. Hemo-
globin Bart’s, named after the London hospital
in which it was discovered, is the fetal counter-
part of hemoglobin H and consists of a tetramer
ofg-chains of fetal hemoglobin (g4). It too has a
very high oxygen affinity, although it is less un-
stable than hemoglobin H.

EPIDEMIOLOGY

Worldwide, a-thalassemia mutations occur in
almost all populations (Williams and Weatherall
2012). They are very common in people of Asian
descent; in several regions of China and South-
east Asia, up to 40% of the population are carri-
ers (Lau et al. 1997; Li et al. 2006; Michlitsch et al.
2009; Vichinsky 2009, 2012; Lal et al. 2011). The
Mediterranean and Middle Eastern regions also
have a high frequency (Weatherall and Clegg
2001). Immigration patterns have dramatically
changed the geographic distribution of a-thal-
assemia (Michlitsch et al. 2009). Once rare in
North America, it is becoming a major public
healthproblem. Therehas beena2000% increase
in Asian and other at-risk populations immi-
grating to the United States in the last three
decades (Hoppe 2009). This has resulted in Cal-
ifornia establishing universal newborn screening
for a-thalassemia, and consideration of a na-
tional a-thalassemia newborn screening policy
(Benz 2011). In the United States, recent studies
indicate that in addition to these known at-risk
ethnic groups, people of Hispanic and African
descent are also at risk (Lam and Tang 2002). In
the California Newborn Screening Program,
newborns classified as mixed-race are a rapidly
growing group born with a-thalassemia syn-
dromes (Lam and Tang 2002; Michlitsch et al.
2009). The marked ethnic diversity in Califor-
nia indicates that universal rather than targeted
screening is necessary. a-Thalassemia syn-
dromes have become the most common non-
sickle hemoglobinopathy in California (Table
1). a-Thalassemia syndromes are increasingly
being diagnosed outside of California. Because
most states do not screen for these disorders, the
diagnosis is not made until clinical complica-
tions occur.

The numerous molecular forms ofa-thalas-
semia are reviewed by Higgs (2013). There are
two common deletional forms of aþ-thal-
assemia, described by the size of the particular
deletion, –a3.7 and –a4.2. There are many dif-
ferent forms of a0-thalassemia that result from
different-sized deletions of the a-globin genes.
Most of them are named by the place of origin of
their discovery. The most common form is the
Southeast Asian deletion (– SEA) (Chui and Waye
1998; Hoppe 2009). This deletion involves both
a genes but not the embryonic globin genes
(Chui and Waye 1998). Other a-thalassemias
such as the Thai form (– THAI) also remove the

Table 1. California Newborn Screening Program,
January 1998–June 2006

Diagnosis

Newborns

identified

Incidence

(per 100,000

screened)

a-Thalassemia
syndromes

502 11.1

Hb H disease 406 9.0
Hb H with Hb E trait 35 0.8
Hb H with Hb EE 16 0.4
Hb H Constant Spring 25 0.6
Hb H with other

variants
8 0.2

Hb H with SS 7 0.2
Hb Bart’s hydrops

fetalisa
5 0.1

b-Thalassemia
syndromes

79 1.8

b0-Thalassemia 19 0.4
Hb E/b0-thalassemia 31 0.7
Hb C/b0-thalassemia 7 0.2
Hb D/b0-thalassemia 5 0.1
Hb C/bþ-thalassemia 14 0.3
Hb E/bþ-thalassemia 3 0.1

Other mutations 862 19.1
Hb EE 514 11.4
Hb CC 41 0.9
Hb C-HPFH 3 0.1
Heterozygous variants 304 6.7

Data from Michlitsch et al. 2009.

Hb, hemoglobin; HPFH, hereditary persistence of fetal

hemoglobin.
aAll five cases of Hb Bart’s hydrops fetalis were homo-

zygous for the Southeast Asian (SEA) deletion mutation.
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embryonic globin genes. There are also many
different nondeletional forms of a-thalassemia,
many of which are also named after their place of
origin. The clinical phenotypes of hemoglobin
H disease that result from the interaction of non-
deletional mutations (–/aNDa) are more severe
and less common than the deletional forms
(–a/–) (Lau et al. 1997; Lorey et al. 2001a; Ne
et al. 2008; Michlitsch et al. 2009; Singer et al.
2009; Kidd et al. 2010; Lal et al. 2011; Vichinsky
2012). The most common interaction of this
type is with the a-globin chain-termination
mutant, Hb Constant Spring (–/aCSa), which
accounts for approximately 27% of hemoglobin
H diseases in California (Table 2) and which
occurs frequently in many countries in South-
east Asia.

THE MILDER FORMS OF a-THALASSEMIA

The milder forms of a-thalassemia are reviewed
in detail by Weatherall and Clegg (2001). The
heterozygous states for deletional (–a/aa) and
nondeletional (aNDa/aa) a-thalassemia are
associated with extremely mild reductions in
the red cell indices that overlap with normal
values. At birth some, but not all, cases have
slightly elevated levels of hemoglobin Bart’s,
which disappears over the first year of life and
is not replaced by hemoglobin H. The homozy-
gous state for these conditions is characterized
by a mild hypochromic microcytic anemia with

significantly reduced levels of mean corpuscular
volume (MCV) and mean corpuscular hemo-
globin (MCH) and elevated levels of hemoglo-
bin Bart’s at birth.

Hence these conditions themselves are of
no clinical significance and their major impor-
tance is the modifying effect that they have
on various severe forms of b-thalassemia and
sickle cell anemia. These interactions are sum-
marized by Musallam et al. (2012), Fucharoen
and Weatherall (2012), and Lettre (2012). As
discussed in a later section, their identifica-
tion is vital in population screening for cou-
ples at risk for the more severe forms of a-
thalassemia.

HEMOGLOBIN H DISEASE

Clinical Severity

Hemoglobin H–Constant Spring and dele-
tional hemoglobin H disease are two distinct
clinical entities (Lal et al. 2011). Patients with
hemoglobin H–Constant Spring commonly
have complications develop within the first dec-
ade of childhood, including significant growth
delay, recurrent transfusions, and iron overload
(Table 3) (Chui et al. 2003; Fucharoen and Vi-
prakasit 2009; Singer et al. 2009; Benz 2011; Lal
et al. 2011; Vichinsky 2012). They are particu-
larly at risk for sudden, severe anemia following
acute febrile illness. Often these infections may
be mild. Most patients by 10 years of age have
received recurrent transfusions. The acute ane-
mic events are usually hemolytic and have as-
sociated increases in bilirubin and reticulocyte
counts. Hypoplastic acute anemic events sec-
ondary to parvovirus and other viral infections
account for 20% of acute anemic episodes. In
addition to febrile events, pregnancy often is
associated with unexpected decreases in hemo-
globin levels.

The anemia of hemoglobin H disease results
from the deficit ofa-globin expression, which is
more severe in the nondeletional form (Table
3). Membrane injury from oxidative damage
results in shortened red cell survival (Pootrakul
et al. 2000; Fucharoen and Viprakasit 2009).
The hemolytic anemia may result in the

Table 2. Hemoglobin H disease genotypes identified
by the California Newborn Screening Program,
January 2006–December 2008

Genotype

Newborns

identified

Estimated birth

prevalence (per

100,000)

a3.7/SEA 85 5
a3.7/FIL 25 1.5
a4.2/SEA 5 0.3
a3.7/THAI 1 0.05
a4.2/FIL 1 0.05
aCSa/SEA 13 0.77
aPolyAa/SEA 1 0.05
SEA/SEA 3 0.17
Total 134 8

Data from Hoppe 2009.
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development of cholelithiasis. There is intrame-
dullary death of erythroblasts resulting in inef-
fective erythropoiesis. This is supported by the
finding of markedly elevated serum transferrin
receptor levels in hemoglobin H–Constant
Spring. Phosphatidylserine exposure on the
red cell surface further increases the morbidity

of the disease, including an increased risk of
thrombosis (Yuan et al. 1995).

The chronic anemia is more severe in hemo-
globin H–Constant Spring than in deletional
hemoglobin H disease and often results in trans-
fusion therapy in childhood (Fig. 1) (Lal et al.
2011).

Table 3. Clinical and hematologic manifestation of hemoglobin H disease

Clinical manifestation Deletional Nondeletional

Hemoglobin (g/dL) 8.5 (range, 6.9–10.7) 7.2 (range, 3.8–8.7)
MCV (fL) 54.0 (range, 46.0–76.0) 65.2 (range, 48.7–80.7)
MCH (pg) 16.6 (range, 14.3–24.7) 18.6 (range, 14.8–24.8)
Anemia Microcytic Normocytic
Reticulocytosis þ þþ
Hypochromia þþ þ
Age at first transfusion (yr) 11 + 5.5 1.5 + 2.1
History of blood transfusion (%) 3–29 24–80
Splenomegaly þ þþþ
Gallstones þ þþ
Growth retardation Rare Common
Decreased bone density Rare Common

Data from Vichinsky 2009.

MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume.
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Figure 1. Age at first transfusion for patients with deletional hemoglobin H disease (HbH) and hemoglobin H–
Constant Spring disease (HCS). Excluded from the analysis in the HbH group are five patients whose first clinic
visit occurred after the age of 20 years and three patients with nondeletional HbH disease. (From Lal et al. 2011;
reprinted, with permission, # The Massachusetts Medical Society.)
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The mean hemoglobin level in infants with
deletional hemoglobin H disease is 8.5 g/dL
(range, 6.9–10.7) and increases to 9.4 g/dL
with age. In infants with hemoglobin H–Con-
stant Spring, the mean hemoglobin level is 7.0
g/dL (range, 5.8–9.5) and changes littlewith age
(Chui et al. 2003; Fucharoen and Viprakasit
2009; Lal et al. 2011; Vichinsky 2012). Although
hemoglobin H–Constant Spring is more severe,
red cell indices are less affected. The red cell
MCV is markedly reduced in hemoglobin H de-
letion patients (54.0 fL; range, 46.0–76.0). In
contrast, the MCV in the hemoglobin H–Con-
stant Spring group is 65.2 fL (range, 48.7–80.7).
Hemoglobin E is often coinherited with hemo-
globin H and its effects are variable. It may lower
the MCV but decrease the hemolytic anemia
(Fucharoen and Weatherall 2012).

Splenomegaly is more common in nondele-
tional hemoglobin H disease and may correlate
with the clinical severity of the disease (Fig. 2)
(Styles et al. 1997; Vichinsky 2010). Splenec-
tomy is helpful in decreasing extravascular he-
molysis and increasing the hemoglobin. Pa-
tients with hemoglobin H–Constant Spring
often have a significant increase in hemoglobin
following splenectomy. Transfusion-dependent
patients may become transfusion-independent
following surgery. However, splenectomy in-
creases the rate of thrombosis (Tso et al. 1982).
Chronic anticoagulation therapy may be nec-

essary to prevent serious thrombotic compli-
cations. Portal vein thrombosis may be a peri-
operative postsplenectomy complication. Early
screening of perioperative patients with abdom-
inal symptoms is warranted. Splenectomy may
be necessary in infants, and therefore prophylac-
tic antibiotics are required.

Iron overload is a common, underdiagnosed
problem in hemoglobin H disorders (Fucharoen
and Viprakasit 2009; Singer et al. 2009; Benz
2011; Lal et al. 2011; Vichinsky 2012). The fer-
ritin increases with age irrespective of the trans-
fusion history and may underestimate body iron
stores (Fig. 3) (Lal et al. 2011). Increased dietary
iron absorption continues throughout life and
results in hemosiderosis-related complications
in some adults. Elevated pituitary, pancreatic,
and cardiac iron has been observed, particularly
in hemoglobin H–Constant Spring. Older pa-
tients are at risk for cardiac and endocrine dys-
function (Chui et al. 2003; Chan et al. 2006; Au
et al. 2009; Fucharoen and Viprakasit 2009;
Singer et al. 2009). Oral iron chelation has
been beneficial in patients with elevated body
iron stores (Au et al. 2009).

Laboratory Screening and Diagnosis

The hemoglobin and red cell indices are helpful
in identifying patients. However, they are non-
specific findings. In addition, in hemoglobin
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Figure 2. Comparison of the rate of splenectomy, transfusion, and splenomegaly history in three types of
hemoglobin (Hb) H disease: Hb H (three-gene deletion), Hb H/CS (Hb H with Constant Spring), and Hb
H/CS-E (Hb H/CS þ heterozygote for Hb E). (From Styles et al. 1997; reprinted, with permission.)
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Figure 3. Serum ferritin levels in patients with deletional hemoglobin H disease (HbH) and hemoglobin H–
Constant Spring disease (HCS) and correlation with liver iron concentration. The trend for ferritin levels
according to age on the basis of linear regression (dashed line) increases after the age of 18 years in patients
with HbH (A), and increases from birth to the age of 30 years in those with HCS (B). A significant correlation
between the serum ferritin level and liver iron concentration is shown in patients with HbH and HCS (C), with
the dashed line indicating the linear regression of liver iron concentration as compared with ferritin. (From Lal
et al. 2011; reprinted, with permission, # The Massachusetts Medical Society.)
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H–Constant Spring, microcytosis may not be
observed. Red cell inclusion bodies may be ob-
served after supravital stain analysis with bril-
liant cresyl blue (Fig. 4) (Fucharoen and Vipra-
kasit 2009). These inclusions are markedly
increased after splenectomy. Hemoglobin elec-
trophoresis may demonstrate a hemoglobin H
band. However, hemoglobin H is unstable and is
often missed, particularly if the blood sample
has been frozen or if organic solvents are used
to prepare the hemoglobin for analysis. Hemo-
globin A2 levels are lower in a-thalassemia dis-
orders. Automated high-performance liquid
chromatography (HPLC) is an excellent screen-
ing method for high-risk populations and
in newborn screening programs (Lorey et al.
2001a; Hoppe 2009; Michlitsch et al. 2009;
Kidd et al. 2010). In the neonatal period, hemo-
globin Bart’s is commonly seen on HPLC or he-
moglobin electrophoresis. Hemoglobin Bart’s is
an aggregate of g-chains that reflects the high
fetal hemoglobin observed in neonates. It rap-
idly disappears following birth. The quantita-
tion of hemoglobin Bart’s correlates with the
severity of thea-thalassemia disorder. Bart’s he-
moglobin levels of .25% indicate hemoglobin
H disease. Definitive diagnosis requires molec-
ular genetic testing. Multiplex genotyping assays
using gap polymerase chain reaction can rapidly
diagnose most deletional and nondeletional
mutations (Kidd et al. 2010). Confirmatory pa-

rental studies should always be performed in
newborns and children identified with hemo-
globin H. Patients with a-thalassemia disorders
often coinherit other mutations including he-
moglobin E, b-thalassemia, and hemoglobin S
(Li et al. 2006; Liao et al. 2007; Hoppe 2009). In
addition, the same population may be at risk for
glucose phosphate dehydrogenase deficiency.

Management

Hemoglobin H patients require ongoing moni-
toring of growth, quality of life, and laboratory
markers of organ dysfunction. Dietary supple-
ment with folate and multivitamins without
iron is indicated (Lal et al. 2011). Patients may
develop calcium and vitaminD deficiency.Mon-
itoring bone density in older patients is indicat-
ed. Iron supplementation should be avoided.
The decision to chronically transfuse patients
is difficult. Brief periods of transfusion during
childhood development and pregnancy may
be indicated (Fucharoen and Viprakasit 2009;
Singer et al. 2009; Lal et al. 2011). Oral iron che-
lation therapy may be beneficial in patients with
hemosiderosis. The dosage indicated in non-
transfusion-dependent patients is lower than in
transfused patients and requires ongoing reas-
sessment. Splenectomy is a serious undertaking,
and its risks and benefits should be reviewed with
eachcase. Aspirin orotheranticoagulant therapy
should always be considered following splenec-
tomy. Chronic fatigue may develop in older pa-
tients,andquality-of-lifeassessmentsarehelpful
in management decisions. Family screening and
genetic counseling are important. Preventative
education concerning the risk of severe anemia
with acute infections is important.

HEMOGLOBIN BART’S HYDROPS FETALIS

Hemoglobin Bart’s hydrops fetalis is a devastat-
ing and fatal disease. It is an important public
health problem in many regions of the world.
Although advances in intrauterine therapy
have resulted in long-term survival, these cases
are rare. Prevention through family screening
and education is the most effective treatment.

Reticulocyte

Inclusion bodies

Figure 4. Red cell inclusion body induced after incu-
bation of red cell with brilliant cresyl blue. (From Fu-
charoen and Viprakasit 2009; reprinted, with permis-
sion, # American Society of Hematology.)
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Homozygosity for – SEA is a common cause of
hydrops fetalis. Because the mutation does not
affect functional embryonic hemoglobin pro-
duction, pregnancy continues to late gestation,
allowing for the clinical manifestation of hy-
drops fetalis. Larger mutations that prevent
embryonic hemoglobin production are often
undiagnosed terminations. The severity of the
disease is clearly influenced by the type ofa-glo-
bin mutations. Nondeletional mutations and
hyperunstable mutations increase the severity
(Chan et al. 1997; Lorey et al. 2001b; Suwan-
rath-Kengpol et al. 2005; Siriratmanawong et
al. 2007; Fucharoen and Viprakasit 2009; Hoppe
2009; Vichinsky 2009). When severe mutations
are involved, hydrops fetalis can result from only
three genes being affected.

Early in gestation, functional embryonic he-
moglobin is responsible for oxygen delivery.
After two months of gestation, a switch to he-
moglobin F production occurs. Normal fetal
hemoglobin cannot be produced without a-
chains. Hemoglobin Bart’s, which cannot de-
liver oxygen to tissues, becomes the major he-
moglobin. Therefore, the severity of the disease
is underestimated by the intrauterine hemoglo-
bin level. The midtrimester intrauterine hemo-
globin analysis demonstrates an average hemo-
globin of 6.4 g/dL in hemoglobin Bart’s hydrops
fetalis (Table 4) (Srisupundit et al. 2008). Here
is severe, ineffective erythropoiesis with mark-
ed extramedullary hematopoiesis. This leads to
massive organomegaly, heart failure, gross body
edema, and eventual intrauterine demise. Fetal
hypoxia also causes developmental anomalies in

approximately 20% of cases (Liang et al. 1985;
Singer et al. 2000; Adam et al. 2005; Vichinsky
2009). Most of these anomalies are mild, involv-
ing the genitourinaryand skeletal systems. How-
ever, severe malformations do occur. These are
very high-risk pregnancies, and those not receiv-
ing close monitoring have a high mortality rate.
The majority of pregnancies are complicated by
hypertension, preeclampsia, and several other
serious complications (Liang et al. 1985; Suwan-
rath-Kengpol et al. 2005; Vichinsky 2009; Yang
and Li 2009).

Prevention and Prenatal Management

a-Thalassemia major is a public health problem
requiring community education and screening
of at-risk populations. Microcytosis, hemoglo-
bin levels, and electrophoresis are useful initial
screening tests. Once an index case is identified,
his or her partner should be tested to identify at-
risk couples. All identified at-risk couples re-
quire molecular diagnosis to determine family
planning decisions. In high-risk couples, molec-
ular diagnosis on fetal tissue is obtained early in
pregnancy by chorionic villus sampling. Later in
pregnancy, hydrops fetalis and anemia can be
detected by Doppler ultrasonography of the
middle cerebral arteries in 90% of cases (Mari
et al. 2000; Lam and Tang 2002; Leung et al.
2002; Zimmerman et al. 2002; Hofstaetter et al.
2006; Oepkes et al. 2006; Moise 2008; Vichinsky
2009). Middle cerebral artery measurements can
be monitored after 16 weeks of gestation and
reliably determine intrauterine anemia. Fetal

Table 4. Hematology of red blood cell indices in midpregnancy fetuses

Parameter (mean + SD)
Normal

(n ¼ 22)
a1 traita

(n ¼ 40)
Hb Bart’s hydrops

(n ¼ 26) P

Gestational age (wk) 18.9 þ 9.5 18.6 þ 7.9 18.8 þ 8.8 .422
Hb level (g/dL) 11.34 + 0.83 10.42 + 0.91 6.4 + 1.64 ,.001
MCV (fL) 123.40 + 7.76 105.95 + 7.35 96.26 + 8.19 ,.001
MCH (pg) 41.39 + 3.35 33.71 + 2.74 26.23 + 2.6 ,.001
MCHC (g/dL) 33.44 + 1.3 31.81 + 1.09 27.29 + 1.78 .001

ANOVA test before post hoc multiple comparisons (fetuses, n ¼ 86). (Data from Srisupundit et al. 2008.)

Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular

hemoglobin concentration.
aa1 trait is the heterozygous state for a0-thalassemia (–/aa).
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survival without intrauterine transfusion is in-
creasinglybeing identified. Thesenewborns have
severe neonatal complications and are at high
riskformajorneurocognitivedysfunction(Sing-
eret al. 2000; Lucke et al. 2005; Suwanrath-Keng-
pol et al. 2005; Lee et al. 2007; Vichinsky 2009,
2012). Intrauterine transfusion appears to min-
imize these complications (Carr et al. 1995; Vi-
chinsky 2009; Weisz et al. 2009; Yi et al. 2009).
However, these newborns will require lifetime
transfusion therapy or stem cell transplantation
(Zhou et al. 2001; Yi et al. 2009; Vichinsky et al.
2010).

SUMMARY

a-Thalassemia syndromes are common and
have a wide range of clinical phenotypes. He-
moglobin H disease morbidity is often under-
appreciated. These patients require early diag-
nosis and ongoing monitoring. Hemoglobin
Bart’s hydrops is a tragic, usually fatal compli-
cation that can be prevented by adequate screen-
ing and counseling. Improved outcome with
intrauterine transfusions creates ethical issues
for the family and health care providers.
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