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 ABSTRACT

OBJECTIVE  In Southeast Asia, hemoglobin (Hb) Bart’s disease is the pri-
mary cause of fetal anemia, although other causes are increasingly being 
identified. This study aimed to characterize the etiologies and outcomes 
of fetal anemia in northern Thailand.

METHODS  A retrospective chart review was conducted, involving preg-
nant women who attended antenatal care at Chiang Mai University Hospital  
between 2014 and 2021 and had a diagnosis by ultrasound findings of fetal 
anemia, or a fetal diagnosis of Hb Bart’s disease or other known hereditary 
anemias.

RESULTS Among 71 fetuses from 64 pregnancies, 45 (63.4%) had Hb Bart’s 
disease. Twelve cases (16.9%) of fetal anemia were from other causes,  
including three cases of homozygous Hb Constant Spring, three cases of 
hereditary pyropoikilocytosis, one case of suspected red cell membrane  
disorder, one case each of Rh(D) alloimmunization, Hb H/Hb Pakse disease,  
transient abnormal myelopoiesis, syphilis infection, and one of unknown 
cause. All of the seven sets of twins (19.7%) had twin-to-twin transfusion 
syndrome (TTTS).  Intrauterine transfusion was given in four cases of fetal  
hemolytic anemia which rendered good outcomes. Overall, 12 cases (16.9%) 
survived beyond the neonatal period. 

CONCLUSIONS Hb Bart’s disease remains the leading cause of fetal 
anemia in northern Thailand. Increasingly, frequently diagnosed causes 
include hemoglobinopathies and red cell membrane disorders.  

 KEYWORDS  fetal anemia, Hb Bart’s disease, Hb Constant Spring, hydrops  
 fetalis, red cell membrane disorders
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INTRODUCTION
Fetal anemia is a significant complication in fe-

tuses. Untreated fetal anemia can lead to hydrops 
fetalis and fetal demise. Clinical presentations of 
fetal anemia include fluid collection in the third 
space, decreased fetal activity, cardiomegaly, 
hepatosplenomegaly, and an enlarged placenta. 
Hydrops fetalis commonly develops in advanced 
cases, characterized by fluid collection in at least 
two body compartments, and is associated with a 
high perinatal mortality rate of 50-98% (1, 2).

The etiologies of fetal anemia can be catego- 
rized into two groups: immune-mediated and 
non-immune mediated causes. Rh(D) alloimmuni- 
zation is the primary cause of immune-mediated  
fetal anemia in Western populations (3).  The use 
of intravenous anti-Rh(D) immunoglobulin (anti-D  
Ig) prophylaxis has reduced the incidence of 
hemolytic disease of the fetus and newborn (HDFN) 
due to Rh(D) alloimmunization (4).  In Southeast 
Asian populations, Rh(D) alloimmunization is less  
common due to the low prevalence of the Rh(D)- 
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negative blood group (1.7%) compared with that 
in Western populations (17.3%) (5).  The leading 
cause of fetal anemia among Asian populations 
is hemoglobin (Hb) Bart’s disease resulting from  
homozygous alpha0-thalassemia (2, 6-8). 

In a previous study conducted over a 10-year 
period in central Thailand, 78 cases of fetal hydrops 
in stillborns were examined, revealing anemia as 
the predominant cause (42% of cases), with half 
of the cases attributed to homozygous alpha0- 
thalassemia (9).  A recent study of alpha-thalassemia 
mutations in Southeast Asia, including Thailand, 
demonstrated a high burden of alpha-thalassemia  
in Thailand (10).  In 2020, 423 new cases of Hb Bart’s 
hydrops fetalis were estimated to have occurred 
in the country, with the highest absolute burden 
observed in Bangkok (the capital city) and Udon 
Thani (a province in the northeastern region). 
Chiang Mai, the largest city in northern Thailand, 
also displayed a high prevalence of alpha0-thal-
assemia (10). Two large case series conducted in 
Thailand have consistently identified homozygous 
alpha0-thalassemia as the leading cause of hydrops 
fetalis. Other causes of fetal anemia include homo- 
zygous Hb Constant Spring (CS), cardiovascular 
abnormalities, infections, and red cell membrane 
disorders (7, 9, 11-13).

Thailand has successfully established a prenatal 
screening and diagnosis program for couples at  
risk of severe thalassemia diseases (14).  This pro-
gram offers genetic counseling, prenatal screening,  
and prenatal diagnosis for couples at risk of having  
a fetus with severe thalassemia. In cases of homo- 
zygous alpha0-thalassemia, termination of preg-
nancy is offered to prevent adverse maternal out-
comes. The implementation of this program has 
resulted in a decrease in the number of undetected  
cases of fetal anemia. 

The aim of this study is to examine the causes, 
treatment strategies, and outcomes of fetal anemia 
at Chiang Mai University Hospital, a tertiary care 
hospital in northern Thailand. The results may 
provide insights into the various diseases that 
contribute to the occurrence of fetal anemia in 
the region.

METHODS
A retrospective descriptive study was conducted  

with the ethical approval of the Institutional Review 
Board, Faculty of Medicine, Chiang Mai University 

(Research study ID: PED-2562-06931). The full 
medical records, including clinical and laboratory  
information of pregnancies with fetal anemia and/ 
or hydrops fetalis associated with anemia, of  
patients who were treated at Chiang Mai University 
Hospital from 2014 through 2021 were compre-
hensively reviewed. The review process included  
two steps as follows: First, we screened and re-
trieved medical records from the hospital for  
diagnoses potentially associated with fetal anemia 
and/or hydrops fetalis, including ICD-10 (Inter-
national Statistical Classification of Diseases and 
Related Health Problems, 10th Revision) codes 
O361-363, P50, P55, P56, P613, P614, and P832. 
After that, the confirmed cases were reviewed in 
detail.

Fetal anemia was defined based on one or more 
of the following criteria: ultrasound findings of 
middle cerebral artery-peak systolic velocity  
(MCA-PSV) greater than 1.5 MoM, other ultra-
sound findings indicating fetal anemia, fetal  
hematocrit levels below 30%, and fetal diagno-
sis through Hb analysis or molecular methods 
indicating homozygous alpha0-thalassemia (14).   
Hydrops fetalis was defined as the presence of 
excessive fluid accumulation in two or more body 
cavities. Demographic, clinical, and laboratory 
data of the mothers, fetuses and newborns were 
validated, recorded and analyzed.

Frequencies are presented as numbers and 
percentages. Continuous data is presented as 
medians plus interquartile range (IQR) or mean ± 
standard deviation, according to the normality of 
the data distribution.  Statistical analysis was per-
formed using SPSS Statistics for Windows, (IBM 
Corp. Released 2013.  IBM SPSS Statistics for Win-
dows, Version 22.0. Armonk, NY, USA, IBM Corp.). 

RESULTS
A total of 1,755 medical records were retrieved 

and screened, revealing 71 fetuses from 64 preg-
nancies diagnosed with fetal anemia and/or 
hydrops fetalis associated with anemia. Table 1 
presents the clinical characteristics, etiologies, 
and outcomes of these cases. Of all the cases, 57 
(80.3%) were diagnosed with fetal anemia, and 14 
(19.7%) had fetal anemia/volume overload from 
twin-to-twin transfusion syndrome (TTTS).  Table 2  
provides the clinical characteristics and outcomes 
categorized by etiology.
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Table 1. Clinical characteristics, etiologies, and outcomes of 64 pregnancies (71 
fetuses) with a diagnosis of fetal anemia

Clinical characteristics Results

Maternal age (median, IQR, year)
Gestational age at diagnosis (median, IQR, week)
Gestational age at delivery (median, IQR, week)
Birth weight (median, IQR, g)
Diagnosis

Fetal anemia (N, %)
- Hb Bart’s disease (homozygous alpha0-thalassemia)
- Hemolytic anemia
- Syphilis infection
- Transient abnormal myelopoiesis 
- Anemia, unknown cause

Fetal anemia/volume overload (N, %)
- Twin-twin transfusion syndrome

Outcomes (N, %)
- Termination of pregnancy
- Fetal demise in-utero
- Neonatal death
- Survival beyond neonatal period

28.5 (11.0)
20 (7)
21 (9)

450 (895)

45 (63.4%)
9 (12.7%)
1 (1.4%)
1 (1.4%)
1 (1.4%)

14 (19.7%)

48 (67.6%)
8 (11.3%)
3 (4.2%)

12 (16.9%)

Table 2. Clinical characteristics and outcomes of 64 pregnancies (71 fetuses) with a diagnosis of fetal anemia as classified 
by etiology 

Clinical characteristics

Fetal anemia
Fetal anemia/

volume overload

Hb Bart’s 
disease  
(N = 45)

Hemolytic 
anemia  
(N = 9)

Syphilis 
infection 

(N = 1)

Anemia 
(unknown 

cause)  
(N = 1)

Transient 
abnormal 

myelopoiesis 
(N = 1)

Twin-twin  
transfusion  
syndrome  

(N = 14)

Maternal age  
(median, IQR, year)

Gestational age at diagnosis  
(median, IQR, week)

Gestational age at delivery  
(median, IQR, week)

Birth weight  
(median, IQR, g)

Treatment with intrauterine  
transfusion (N, %)

Outcomes (N, %)
- Termination of pregnancy
- Fetal demise inutero
- Neonatal death
- Survival beyond neonatal 
   period

31 (9)

18 (9)

20 (7)

300 (415)

-

45 (100%)
-
-
-

23 (14)

24.5 (11)

33 (11)

1,833 (1,781)

4 (44.4%)

1 (11.1%)
1 (11.1%)
1 (11.1%)

6 (66.7%)

23

23

23

875

-

-
1 (100%)

-
-

22

22

26

NA

-

-
1 (100%)

-
-

40

25

33

1,985

-

-
-

1 (100%)
-

29 (7)

25 (6)

27.5 (8)

1,145 (1,141)

-

2 (14.3%)
5 (35.7%)
1 (7.1%)

6 (42.9%)

Hb Bart’s disease
The most common cause identified was 

Hb Bart’s disease resulting from homozygous 
Southeast Asian deletional alpha0-thalassemia,  
accounting for 63.4% (45 out of 71 cases). Of those, 
42 were diagnosed through the prenatal screening 

and diagnosis program, whereas the remaining  
three cases with incomplete screening were  
detected by prenatal sonographic signs of fetal 
anemia in the second trimester. Among the 45 
pregnancies, 32 couples opted for prenatal diagnos-
tic techniques such as chorionic villi sampling, 
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amniocentesis, or cordocentesis to confirm the 
diagnosis of Hb Bart’s disease. Thirteen couples 
chose serial ultrasound monitoring, all of which 
developed hydropic changes, leading to invasive 
prenatal diagnosis for confirmation. Common 
ultrasound findings in this group included car-
diomegaly (53.3%), high MCA-PSV (44.4%), and 
pericardial effusion (28.9%). The median (IQR) 
gestational age at diagnosis was 16 (6.5) weeks 
for the prenatal diagnostic test group and 22 
(4.5) weeks for the serial ultrasound group.  After 
counseling, all pregnancies affected by Hb Bart’s 
disease were terminated.

Hemolytic anemias other than Hb Bart’s disease
Nine fetuses were diagnosed with hemolytic 

anemia other than Hb Bart’s disease, including 
three cases of homozygous Hb CS, three cases 
of hereditary pyropoikilocytosis (HPP) caused by 
homozygous or compound heterozygous SPTB 
or SPTA1 mutations as identified by whole exome 
sequencing analysis (11), and 1 case each of Hb H/
Hb Pakse disease, unidentified red cell membrane 
disorder, and Rh(D) alloimmunization. The diag-
nosis of unidentified red cell membrane disorder 
in one fetus was made based on findings of ab-
normal red cell morphology in the fetus and the 
parents; molecular analysis was not performed 
in this family. All fetuses exhibited signs of anemia  
and/or hydrops fetalis in the second or third 
trimesters. Common ultrasound findings in this 
group were cardiomegaly (66.7%), high MCA-PSV 
(55.6%), pericardial effusion (55.6%), and ascites 
(44.4%). One fetus diagnosed with HPP was ter-
minated, while one fetus with an unidentified red 
cell membrane disorder died in utero. One fetus 
with HPP died during the neonatal period. Intrau-
terine transfusion was administered to four fetuses: 
one with Rh(D) alloimmunization, one with Hb H/
Hb Pakse disease, and two with homozygous Hb 
CS. One fetus with homozygous Hb CS and fetal 
anemia did not receive intrauterine transfusion 
due to a parental decision against invasive pre-
natal interventions. Ultrasonographic evaluation 
at 21 weeks of gestational age revealed high MCA-
PSV and fetal cardiomegaly. Regular monitoring 
with ultrasonography demonstrated resolution of 
anemia signs by 32 weeks of gestation. The patient 
was delivered at 39 weeks of gestation.  He had 
congenital pneumonia necessitating mechanical 

ventilation for a period of two days.  At birth, hemo- 
globin and hematocrit levels were measured at 
13.9 g/dL and 44.3%, respectively, with no require-
ment for red blood cell transfusion during the  
neonatal period.

The patient group with hemolytic anemias 
other than Hb Bart’s disease had the highest per-
inatal survival rate (66.7%), with 6 surviving fetuses.  
Among the survivors, only the one case with HPP 
remained transfusion-dependent. Despite receiv-
ing intrauterine transfusion and anti-D immuno- 
globulin, the newborn with Rh(D) alloimmunization 
experienced perinatal complications of severe 
hemolysis requiring partial exchange transfusion 
and jaundice from inspissated bile syndrome. 
Three newborns with homozygous Hb CS and 
one with Hb H/Hb Pakse disease survived beyond 
the neonatal period. Table 3 shows the clinical 
characteristics and treatment received during 
neonatal period of the six surviving fetuses in this 
group.

Anemia from other causes
In the fetal anemia group, apart from hemo-

lytic anemia, there was one fetus with trisomy 21 
and transient abnormal myelopoiesis (TAM) who 
died during the neonatal period, one fetus with 
syphilis infection, and one with a condition of un-
known cause. The latter two fetuses died in utero.

Twin-to-twin transfusion syndrome (TTTS)
TTTS was observed in 14 fetuses of 7 pregnan-

cies. Initial ultrasound findings included ascites 
(50.0%), generalized skin edema (42.8%), cardio-
megaly (35.7%), and pericardial effusion (28.6%). 
TTTS was diagnosed in the second or third tri-
mesters. None received laser coagulation. This 
group had the second highest perinatal survival 
rate (42.9%). 

DISCUSSION
Hb Bart’s disease or homozygous alpha0-thal-

assemia remains the most prevalent cause of fetal 
anemia in northern Thailand, indicating a high 
gene frequency of alpha0-thalassemia in the popu- 
lation. The leading diagnosis of Hb Bart’s disease 
in our study is consistent with that reported in 
previous studies in Thailand and China (2, 7, 13, 15).  
Increasingly, diagnosed causes of fetal anemia are 
non-deletional alpha-thalassemia and hereditary 
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red cell membrane disorders. Of note, only one 
fetal anemia associated with Rh(D) alloimmuniza-
tion was identified in this study, suggesting a low 
prevalence of the Rh(D)-negative blood group in 
the Thai population. 

Hb CS is a commonly observed Hb variant in 
Southeast Asian populations (16). Hb CS results 
from a nucleotide substitution at the termina-
tion codon of the alpha-2 globin gene, HBA2:c.427 
T>C. This substitution replaces the termination 
codon with glutamine, resulting in an elongated 
and unstable alpha-globin variant (17). The com-
pound heterozygosity of alpha0-thalassemia and 
Hb CS results in Hb H/Hb CS disease, which typi- 
cally presents with a moderate degree of chronic  
hemolytic anemia. Some patients may require 
regular transfusion for an extended period. In 
older children and adults with homozygous Hb 
CS, mild non-transfusion-dependent chronic 
hemolytic anemia is commonly observed. How-
ever, homozygous Hb CS has been reported as a 
cause of fetal anemia that shows a good response 
to treatment and a good long-term outcome (12, 
18, 19). These fetuses may present with severe 
anemia necessitating intrauterine transfusion. 
Nevertheless, in late gestation, hemolysis tends 
to decrease, possibly because of Hb switching 
process, resulting in lower Hb F and higher Hb 

A levels. The anemia becomes milder after birth. 
Considering the potential impact of homozygous 
Hb CS, it is crucial to include it in the differential 
diagnosis of fetal anemia in Southeast Asian popu- 
lations. Early diagnosis and intervention can  
contribute significantly to achieving a favorable 
outcome. In this study, fetuses with homozygous 
Hb CS and Hb H/Hb Pakse who received intrau-
terine transfusion were born at term with a normal 
Hb level and did not require red cell transfusion 
during the neonatal period.

Hb H disease results from mutations affecting 
three out of four functioning alpha-globin alleles, 
leaving one intact alpha-globin allele. Hb H disease 
can be classified as either deletional (genotype 
--/-α) or non-deletional (genotype --/αTα or 
--/α αT) Hb H disease. Generally, patients with 
Hb H disease present with a mild to moderate  
degree of anemia. Patients with non-deletional  
Hb H disease experience more severe anemia and 
may be transfusion dependent. Hb H hydrops fetalis 
represents the most severe form of Hb H disease, 
characterized by severe fetal anemia. Mutations 
causing Hb H hydrops fetalis typically involve 
alpha0-thalassemia on one chromosome and a 
non-deletional mutation causing a hyperunstable 
or unstable Hb on the other chromosome (20, 21).  
Previously reported genotypes of common Hb H 

Table 3. Clinical characteristics and treatment received during neonatal period of six surviving fetuses in the group of 
hemolytic anemias other than Hb Bart’s disease

Case 
number

Diagnosis GA at 
onset of 
anemia

GA at 
delivery

Birth 
weight 

(g)

Intrauterine 
transfusion 

(times)

Hb before 
IUT

(g/dL)

Hb at 
birth

(g/dL)

Treatment 
received during 
neonatal period

1

2

3
4

5

6

Rh alloimmunization

Hereditary pyro- 
poikilocytosis

Hb H/Hb Pakse disease
Homozygous Hb  

Constant Spring

Homozygous Hb  
Constant Spring

Homozygous Hb  
Constant Spring

32

30

18
21

25

22

34

30

37
39

N/A

40

2,210

1,455

2,860
2,805

N/A

3,310

1

0

1
0

1

1

4.2

3.6

6.5
not done

N/A

4.7

6.1

4.5

17.2
13.9

N/A

15.0

Red cell transfusion 
Phototherapy
Exchange trans-
fusion
Red cell transfusion 
Phototherapy
Exchange trans-
fusion
Phototherapy
Ventilator support 
for congenital 
pneumonia
N/A

Phototherapy

*GA, gestational age; Hb, hemoglobin; IUT, intrauterine transfusion; N/A, data not available
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disease that can be associated with Hb H hydrops 
fetalis are Hb H/Hb CS disease and Hb H/Hb 
Pakse diease (22, 23). One case in this study was 
diagnosed with Hb H/Hb Pakse disease. 

Red cell membrane disorders are a frequently 
diagnosed cause of fetal severe hemolytic ane-
mia (11, 24). The availability of next-generation 
sequencing has facilitated the identification of 
causative mutations and related genes. In this study, 
three cases of HPP were identified, indicating a 
high prevalence of HE in the population. Accurate 
molecular diagnosis of HPP is essential for treat-
ment planning and genetic counseling.

TTTS is a potentially life-threatening compli-
cation that occurs in 10-15% of monochorionic 
twin pregnancies (25). This condition arises from 
an imbalance of blood flow between the placental 
anastomoses. Hydrops fetalis typically develops 
in the donor fetus due to anemia and high-output 
heart failure. Signs of heart failure include subcu-
taneous edema, ascites, and pericardial to pleural  
effusion prior to the development of hydrops  
fetalis (26, 27). 

Diagnosis of TTTS is based on ultrasound find-
ings (28).  To facilitate early detection, it is recom-
mended that biweekly ultrasounds be performed 
after 16 weeks of gestational age for monochorionic 
twins to evaluate fetal growth and amniotic fluid 
volume. MCA-PSV and umbilical artery flow pat-
tern should be assessed after 20 weeks of ges-
tational age (29). Fetoscopic laser coagulation is 
the standard treatment for TTTS between 17 and 
26 weeks of gestational age and is intended to in-
terrupt the anastomoses. This intervention leads 
to survival rates of approximately 70% for both 
twins and at least 90% for pregnancies with at 
least one survivor (30).  

Of note, the compilation of the ICD-10 codes 
used in this study was designed to identify as 
many fetal anemia cases as possible. A total of 
1,755 medical records were screened, but only 71 
fetuses were enrolled. A large number of cases  
were excluded due to overlaps with diagnoses 
of other common conditions such as neonatal 
hyperbilirubinemia, non-anemic hydrops fetalis  
resulting from other causes and anemia with neo-
natal onset. Limitations of this study include the 
lack of long-term neurodevelopmental evaluation 
in perinatal survivors. Additionally, due to the 
retrospective nature of the study, some medical  

records may not have been entirely reliable, poten-
tially resulting in under-diagnosis of fetal anemia 
and so may have been missed during the review.

CONCLUSIONS
In conclusion, this study demonstrates that 

Hb Bart’s disease remains the primary cause of 
fetal anemia in the northern Thai population.  
Homozygous Hb CS, Hb H hydrops fetalis, and red  
cell membrane disorders are increasingly diagnosed 
causes of fetal anemia. Intrauterine transfusion 
has been proven to be beneficial in cases of homo- 
zygous Hb CS. 
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