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Introduction

Atrial isomerism is a disorder characterized by the symmetrical 
development of normally asymmetrical organ systems and is 
associated with complex cardiovascular abnormalities. There 
are two types of atrial isomerism based upon the morphol-
ogy of the atrial appendages, right atrial isomerism (RAI) 
and left atrial isomerism (LAI). Several studies regarding the 
spectrum of cardiovascular and visceral abnormalities in fetal 
atrial isomerism have been reported [1-10]. Most of them 
were reported in Western countries and there are few studies 
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regarding the characteristics of the atrial isomerism in Asian 
population. 

Based on this observation, we decided to review data 
collected over a 12 year period in the Korean population, 
to report our experience in the prenatal diagnosis of atrial 
isomerism, including the accuracy of prenatal diagnosis, the 
spectrum of cardiac and other associated anomalies, and 
postnatal outcomes. We also compared the spectrum of 
atrial isomerism shown in our results with the findings of 
the previous reports. 

Materials and methods

Following approval from the institutional review board, we 
retrospectively analyzed the 80 fetuses prenatally diagnosed 
with atrial isomerism between 1999 and 2011 at Asan Medi-
cal Center, Seoul, Korea. All cases were referred to our tertiary 
center because of suspected congenital heart disease or 
abnormal visceral situs. All patients received a detailed high-
resolution ultrasound, including color and pulsed wave Dop-
pler. M-mode was used if the cardiac rhythm was abnormal. 
The examinations were performed using an Accuvix XG, XQ 
(Samsung Medison, Seoul, Korea) or Acuson Sequoia ultra-
ound equipment (Acuson Inc., Mountain View, CA, USA). 

RAI was suspected prenatally in the presence of characteris-
tic cardiac anomalies, including atrioventricular septal defect, 
abnormal ventriculoarterial connection with pulmonary ste-
nosis or atresia, anomalous pulmonary venous return, with 
at least one more common feature of RAI, such as juxtaposi-
tion of the aorta and inferior vena cava (IVC) on either side 
of the spine, or visceral heterotaxy. LAI was suspected in the 
presence of an interrupted IVC with azygos continuation and 
at least one more common feature of LAI, such as cardiac 
defects, heart block, or visceral heterotaxy. Spleen was also 
evaluated to aid the prenatal diagnosis of atrial isomerism 
(asplenia in RAI and polysplenia in LAI). The prenatal diagno-
sis was confirmed by various imaging techniques including 
echocardiography, cardiac computed tomography, abdominal 
ultrasound and surgical or autopsy records. The prenatal di-
agnosis and postnatal outcomes were assessed by reviewing 
medical records. Associated extracardiac anomalies including 
bowel malrotation, atresia, or hiatal hernia and chromosomal 
abnormalities were also evaluated. 

The frequency of each cardiovascular anomaly was demon-

strated as percentages. The gestational age at diagnosis and 
delivery were shown as a median with range.

Results

1. Right atrial isomerism

1) Prenatal diagnosis
Among 43 cases of prenatally diagnosed RAI, 12 terminated 
the pregnancy, one died in utero, and 30 survived. An autopsy 
was denied in three fetuses including one death in utero 
leaving a total of 40 fetuses for analysis. Three cases were 
postnatally or post-mortem diagnosed with complex heart 
disease other than RAI, thus making the diagnostic accuracy 
of RAI 93% (37/40). Ten cases which were diagnosed with 
RAI postnatally rather than prenatally, were excluded from 
this study. The median gestational age at diagnosis was 28.4 
weeks (range, 16.5–38.6 weeks). Out of 24 fetuses undergo-
ing karyotyping, no abnormalities were found.

2) Spectrum of cardiac and extracardiac anomalies
The spectrum of cardiovascular abnormalities is demonstrated 
in Table 1. The main intracardiac anomalies in RAI were atrio-
ventricular septal defect, abnormal pulmonary venous con-
nection, bilateral superior vena cava and pulmonary atresia. 
Among 25 cases of total anomalous pulmonary venous re-
turn, the most common type was supracardiac (n=11, 44%), 
followed by cardiac (n=7, 28%), infracardiac (n=5, 20%), and 
mixed type (n=2, 8%). 

Table 2 summarizes the visceral abnormalities in RAI. The 
majority of RAI cases revealed juxtaposition of the descending 
aorta and IVC on the same side. Postnatal evaluation noted 
a normal spleen in two cases. One neonate had a horseshoe 
adrenal gland, which is a rare congenital condition caused by 
fusion of both adrenal glands. 

3) Postnatal outcomes
Twenty-eight fetuses were born alive with a median ges-
tational age of 38.3 weeks (range, 31.4–40.5 weeks). The 
outcomes of patients with RAI are shown in Fig. 1A. Among 
the live births, there were 10 deaths in neonatal, infant, or 
late periods. Five children are currently doing well without any 
severe complications after a successful Fontan type operation. 
Only one child is reporting a developmental delay due to se-
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quelae from Hemophilus influenza meningitis. The remaining 
nine children are waiting to undergo a single ventricle pallia-
tion. Consequently 15 patients are now alive at the median 
follow up of 35 months (range, 5–90 months) making the 
overall survival rate 60% (15/25).

2. Left atrial isomerism

1) Prenatal diagnosis
Out of 37 fetuses with prenatally diagnosed LAI, two had no 
postnatal confirmative diagnosis, leaving a total of 35 cases 
for analysis. In two cases, the pregnancy was terminated 
while the remaining 33 fetuses were born alive. There were 
no cases of fetal death. All but one case were postnatally or 
postmortem confirmed with LAI, thus the diagnostic accuracy 
was 97% (34/35). There were no cases of missed prenatal 
diagnosis during the study period. 

The median gestational age at diagnosis was 25.3 weeks 
(range, 21–36.2 weeks). Among 26 fetuses undergoing karyo-
typing, one case of inv(9)(p12q13) was found, which is the 
most common pericentric inversion in the human karyotype 

and is considered to be a chromosomal variant in the normal 
population.

2) Spectrum of cardiac and extracardiac anomalies
The most common intracardiac anomalies in LAI were ven-
tricular septal defect (n=17, 50%), followed by bilateral su-
perior vena cava, atrioventricular septal defect, double outlet 
right ventricle, and bradyarrhythmia (Table 1). The prevalence 
of complex cardiac malformation was lower than in RAI 
fetuses. Among seven patients with bradyarrhythmia, one 
showed a complete atrioventricular block, which eventually 
needed a pacemaker, and one revealed an intermittent heart 
block, which was normalized during the follow up period. The 
remaining patients showed sick sinus syndrome (n=2), junc-
tional rhythm (n=1), non-conducted premature atrial contrac-
tions (n=1) and sinus bradycardia (n=1). Four neonates were 
confirmed as having a normal heart.

All fetuses had an interrupted IVC with azygos continuation 
(Table 2). One infant showed asplenia. Combined extracardiac 
anomalies are demonstrated in Table 2. 

Table 1. Spectrum of cardiovascular abnormalities in RAI and LAI

Cardiac abnormality RAI (n=37) LAI (n=34)

Cardiac position

Levocardia 30 (81) 26 (76)

Dextrocardia/mesocardia  7 (19)   8 (25)

Venous anomalies

Bilateral superior vena cava 23 (62) 14 (41)

Total anomalous pulmonary venous return 25 (68) 1 (3)

Partial anomalous pulmonary venous return 1 (3) 2 (6)

Atria and ventricles

Atrioventricular septal defect 32 (86)   9 (26)

Outflow tracts and great vessels

Double outlet right ventricle 14 (38)   7 (21)

Transposition of great arteries   5 (14) 2 (6)

Pulmonary stenosis 14 (38)   4 (12)

Pulmonary atresia 20 (54) 2 (6)

Major aortopulmonary collateral artery   5 (14) 1 (3)

Arch anomalies

Coarctation of aorta 1 (3) 3 (9)

Right aortic arch 14 (38) 3 (9)

Arrhythmia 0 (0)   7 (21)

Values are presented as number (%).
RAI, right atrial isomerism; LAI, left atrial isomerism.
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3) Postnatal outcomes
The median gestational age at delivery of 32 fetuses was 38.4 
weeks (range, 35.3–41.4 weeks). Fig. 1B shows the outcomes 
of patients with LAI. Fifteen neonates had no clinically signifi-
cant cardiac defects or a normal heart. Among the 16 patients 

who underwent cardiac surgery, three infants died, two suf-
fered developmental delays, and the remaining 11 children 
are doing well without severe complications at the median 
follow up of 18 months (range, 1–138 months). The overall 
survival rate was 90% (28/31).

Table 2. Spectrum of visceral abnormalities in RAI and LAI

Visceral abnormality RAI (n=37) LAI (n=34)

Visceral heterotaxy 36 (97) 20 (59)

Location of liver: midline/right/left 35/0/1 (97/0/3)   14/0/6 (70/0/30)

Location of stomach: midline/right/left 2/22/12 (6/61/33)     2/15/3 (10/75/15)

Asplenia 35 (95) 1 (3)

Polysplesia 0 (0) 24 (71)

Juxtaposition of the aorta and inferior vena cava 30 (81) 0 (0)

Interrupted interior vena cava with azygos continuation 0 (0)   34 (100)

Gastrointestinal abnormality

Intestinal malrotation 8 (22)   7 (21)

Esophageal atresia 0 (0) 1 (3)

Duodenal atresia 3 (8) 1 (3)

Duodenal web 0 (0) 1 (3)

Hiatal hernia 3 (8) 1 (3)

Hirschsprung disease 2 (5) 0 (0) 

Biliary atresia 0 (0) 1 (3)

Horseshoe adrenal gland 1 (3) 0 (0) 

Single umbilical artery 1 (3) 2 (6)

Persistent right umbilical vein 1 (3) 2 (6)

Values are presented as number (%).
RAI, right atrial isomerism; LAI, left atrial isomerism.

28 RAI survivors 

3 Follow up loss

2 Neonatal death

1 Developmental delay 1 Late death

9 Waiting for single ventricle 
palliation 

5 Doing well

1 Infant death

6 Infant death

22 Palliative cardiac surgery in neonatal or 
                    infant period

7 Fontan-type 
operation

32 LAI survivors 

1 Follow up loss

1 Waiting for single 
ventricle palliation 

9 Doing well

3 Infant death

16 Cardiac surgery in neonatal or 
infant period

1 Fontan-type 
operation

15 No surgery needed

11 Biventricular 
repair

2 Developmental delay

Fig. 1. Flow diagram showing the postnatal outcomes of fetuses diagnosed with right atrial isomerism (RAI, A) and left atrial isomerism (LAI, B).
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Discussion

Our study demonstrates the spectrum of cardiac and other as-
sociated anomalies in atrial isomerism with the large cohort, 
and confirms the previous findings of fetal atrial isomerism. 
Several studies carried out in Western countries showed a 
greater incidence of LAI compared to RAI. However among 
Asians, two studies showed that the incidence of RAI was 
higher than LAI [4,9], and the authors suggested that there 
might be geographical heterogeneity in the expression of the 
two forms of atrial isomerism. Although this report includes 
the largest cohort of prenatally diagnosed RAI compared 
to previous studies [1-5,7-9], the predominence of RAI was 
not demonstrated and there was only small difference of the 
incidence between RAI and LAI in our study. To support the 
hypothesis that atrial isomerism may be racially related, fur-
ther international studies are needed to confirm any genetic 
or environmental differences in predisposition according to 
ethnic groups. 

 The spectrum of cardiac and extracardiac abnormalities 
of atrial isomerism has been well documented. However the 
prevalence of each cardiac disease varies considerably in 
different studies. The typical intracardiac features of RAI are 
atrioventricular septal defect, total anomalous pulmonary 
venous return, ventriculoarterial discordance and pulmonary 
obstruction; these were similar to those observed in our study. 
LAI shows less severe cardiac defect, and is frequently associ-
ated with interrupted IVC, atrioventricular septal defect and 
complete heart block, or even a normal heart. As in previous 
studies, we showed that interrupted IVC with azygos vein 
continuation was the most common features in LAI; however 
we observed a much lower prevalence of atrioventricular 
septal defect (26%) and complete heart block (3%), and a 
greater survival rate (90%) than in previous reports [2,6-
8,10]. In addition, there were no cases of congestive heart 
failure, hydrops, or subsequent death in utero. A Taiwanese 
study revealed that among four fetuses with LAI, only one 
had a common atrioventricular canal and all suffered with 
bradycardia [4]. Another study from Singapore demonstrated 
that out of four cases of LAI, one had atrioventricular septal 
defect, and none had a heart block [9]. Because there is only 
a small number of prenatally diagnosed LAI cases reported in 
the Asian population, it is difficult to compare the spectrum of 
cardiac malformations between different ethnic groups. How-
ever we carefully suppose that racial differences could affect 

the disease spectrum.
Various gastrointestinal (GI) abnormalities may occur in 

cases of atrial isomerism [11,12]. These anomalies are caused 
by a failure in formation of asymmetry along the left right 
body axis, leading to defects in ligaments which fix the GI 
tract [13]. Our results also demonstrated various combina-
tions of GI abnormalities. All anomalies in the GI tract, except 
malrotation, were suspected during the prenatal period and 
were finally confirmed by postnatal evaluation. Intestinal 
malrotation is impossible to diagnose by prenatal ultrasound 
unless the signs of obstruction or volvulus are present. Mid-
line liver, malposition of stomach, malrotation and malfixation 
are frequently found in both RAI and LAI [14]. Hiatal hernia 
is more commonly found in RAI, whereas biliary atresia is 
relatively common in LAI [13,15]. Hiatal hernia should be sus-
pected when the hypoechogenic mass is present in the pos-
terior mediastinum, just behind the heart, and the stomach is 
abnormally located, in a median position [16]. This condition 
was found in three RAI cases and one LAI case. Biliary atresia 
should be suspected when the gallbladder is non-visualized, 
but it is an unreliable marker [10]. This condition was found in 
one patient with LAI, who eventually underwent a liver trans-
plantation. When atrial isomerism is prenatally diagnosed, the 
abdominal contents should also be carefully examined due to 
the high incidence of associated abdominal abnormalities.

 There was one patient who pregnant the two siblings who 
were affected by RAI. The first pregnancy was terminated and 
RAI was confirmed by autopsy. She then delivered a normal 
full-term baby followed by a third pregnancy in which RAI was 
diagnosed prenatally. After the diagnosis, she did not return 
for a follow up. Although the most cases of atrial isomerism 
are sporadic, familial occurrence has also been reported [17-
20]. Kaasinen et al. [21] performed a genetic analysis on five 
children with RAI in the same family and confirmed that RAI 
can occur as a recessively inherited condition, caused by a 
mutation in the growth/differentiation factor 1 (GDF1) gene. 
Because we only performed routine karyotyping, we did not 
look at inheritance patterns. Little is known about the genet-
ics of congenital heart defects and thus, further studies are 
needed to confirm the genes responsible for inherited atrial 
isomerism. Although unlikely, practitioners should offer a fetal 
echocardiography to mothers who previously conceived a fe-
tus with atrial isomerism.

Prenatal ultrasonographic findings of one fetus with LAI in 
our study showed an interrupted IVC, suspected coarctation 
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of aorta with polysplenia, and the postnatal evaluation only 
confirmed IVC interruption with a normal heart and spleen. 
Although the majority of cases with IVC interruption are as-
sociated with visceral heterotaxy, especially in LAI, it can oc-
cur as an isolated finding, which is very rare [22]. When IVC 
is absent by ultrasonography, examiners should keep in mind 
the possibility of associated cardiac anomalies, and if no ab-
normalities are detected, the prognosis is excellent unlike that 
associated with LAI [23].

Patients with RAI show a higher mortality rate because of 
more complex cardiac malformations and asplenia, which 

increases the risks of dying from sepsis [24,25]. We reviewed 
five literatures reporting significant numbers of prenatally 
diagnosed both atrial isomerism cases and their postnatal 
outcomes (Table 3). All but one demonstrated a lower sur-
vival rate for RAI than for LAI. Since the study by Yan et al. 
[9] reported only a very small number of survivors, it was not 
possible to conclude whether the differences in survival rates 
were statistically significant. Our study demonstrated better 
survival rates, with a greater number of live births than any 
other study, especially on RAI. The advances in surgical tech-
niques along with a conservative management for complex 

Table 3. Reported cases of atrial isomerism and postnatal outcomes

Study
RAI LAI

Cases 
(n)

FU loss 
(n)

TOP 
(n)

FDIU 
(n)

LB 
(n)

Alive
 (%)

Cases 
(n)

FU loss 
(n)

TOP 
(n)

FDIU 
(n)

LB 
(n)

Alive 
(%)

Atkinson et al. (1998) [3]   8   0   1 0   7 1 (14)   5 0   2 0   3   1 (33)

Lin et al. (2002) [4] 25 10   6 0   9 4 (44)   4 2   1 0   1   1 (100)

Berg et al. (2003) [5] 10   0   0 1   9 4 (44) 22 0 12 2   8   8 (100)

Lim et al. (2005) [7] 31   0 14 0 17 2 (12) 52 0 20 2 30 22 (73)

Yan et al. (2008) [9] 18   0 15 0   3 3 (100)   4 0   3 0   1   0 (0)

Present study 37   3   9 0 25 15 (60) 34 1   2 0 31 28 (90)

RAI, right atrial isomerism; LAI, left atrial isomerism; FU, follow up; TOP, termination of pregnancy; FDIU, fetal death in utero; LB, live birth.

Fig. 2. Ultrasonographic diagnostic clues for both forms of atrial isomerism. (A) Right atrial isomerism with juxtaposition of the aorta and 
inferior vena cava (IVC) on the same side of the spine (arrows). Right-sided stomach and midline liver are also noted. (B) Left atrial isom-
erism with interruption of the IVC and azygos vein continuation, showng a ‘double vessel‘ sign (arrows). Lee MY, et al. Obstet Gynecol Sci 
2013;56:217-26, according to the Creative Commons Attribution License [27].

A  B
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heart disease have improved the long term prognosis. A re-
cent series by Ota et al. [26] showed that five-year survival of 
patients with RAI to be 53.8% before 2003 and 81.7% after 
2004. They concluded that the survival rate improved with the 
use of aggressive treatments for concomitant anomalies and 
refinement of surgical techniques. 

Accurate prenatal diagnosis of both forms of atrial isomer-
ism is important in order to counsel parents, plan a prompt 
cardiac surgery after birth, and treat the associated abnor-
malities. RAI should be suspected when complex heart dis-
ease, commonly associated with atrioventricular septal defect, 
juxtaposition of the aorta and IVC, and visceral abnormalities 
are present (Fig. 2A). LAI can be diagnosed even in a normal 
heart. The most consistent marker of LAI is an interrupted 
IVC with azygos vein continuation, which is diagnosed by the 
identification of the ‘double vessel’ sign on a transverse view 
of the upper abdomen with the absence of IVC in its usual 
location (Fig. 2B) [28].

Our study confirms the previous findings of fetal atrial 
isomerism except a much lower prevalence of atrioventricu-
lar septal defect and complete heart block in LAI. Although 
the postnatal outcomes for RAI were worse than those for 
LAI, successful postnatal surgery with active management 
improved the survival rate. Parents of fetuses diagnosed with 
atrial isomerism should be counseled carefully about the 
prognosis, encouraged to continue the pregnancy and pro-
vided with proper postnatal treatment.
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