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globally and have a high current prevalence rate of
1.6 cases per 1000 live births in 2019 [5].

Atrial Septal Defects and Genetic
Linkage

Nonetheless, given its asymptomatic nature, ASD’s
remain the most common type of CHD’s that stay
undetected during childhood, where approximately
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up to 40% of newly diagnosed cases are discovered
after 30 years of age [6]. Therefore, discovering
ways to identify and diagnose the condition early
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on is of paramount important to prevent any longterm complications and treat the condition before it
progresses.

Definition and Overview

Although most ASD’s occur sporadically and in
isolation, many of them can have genetic linkages

Atrial Septal Defects or ASD’s are congenital non-

or can be part of other syndromes that have a

physiological communications between the two

genetic correlation. The atrial septum is one of the

atrias of the heart, allowing for shunting between

cardiac structures that is extremely susceptible to

the left systemic circulation and the

right

environmental or genetic factors [7]. Several

pulmonary one [1]. They constitute 10–15% of

clinical studies have highlighted the impact of

congenital cardiac defects, and up to 40% of

different proteins and transcription factors on the

congenital defects presenting in adulthood. Most

atrial septogenesis process. The main genes

children with ASD’s are asymptomatic but as they

implicated in non-syndromic ASD formations are

grow older the progressive left to right shunting

NKX2.5 and GATA4 [8]. However, ASD’s can

results in right-sided volume overload of the heart.

also be part of various syndromes, such as Holt-

This can lead to long term complications such as

Oram and Lutembacher Syndromes [9].

pulmonary hypertension, heart failure and atrial
arrhythmias. Therefore, older ASD patients may

Types of ASD’s

experience dyspnea on exertion, fatigue and


palpitations [2]. Diagnosis is usually carried out by

Ostium

secundum

defects

(70–80%):

echocardiography and treatment is performed

These are the most frequent kind of ASD

through transcatheter device closure or surgical

and involve the fossa ovalis. It

repair. ASD’s are anatomically categorized by the

important to note that this class of defect

affected atrial septum structure, with ostium

should not be mistaken with a patent

secondum being the most common form. Other less

foramen

prevalent subtypes, include ostium primum and

approximately 25% of individuals and

sinus venosus [3].

arises when the septum primum to the left

ovale;

which

is

affects

of the foramen ovale incompletely merges
Moreover, ASD’s are amongst the most common

with its sides in the postnatal period. This

types of congenital heart diseases, being the second

leads to the phenomenon called ‘probe

most frequent form after ventricular septal defects

patency.’ Secundum ASDs can affect the

[4]. They account for 10-15% of all CHD’s

Inferior Vena Cava and typically occurs
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due to the formen ovale expanding,

coronary sinus. In this condition there is

insufficient development of the septum

always

secundum or disproportionate absorption

superior vena cava [12]. All the types of

of the septum primum. Mitral Valve

defects can clearly be seen in figure 1.

a

concurrent

persistent

left

Prolapses are also present in individuals
with

ostium

secundum

ASDs

Pathophysiology and Mechanism

in

approximately 10 to 20% of people [10].


In normal individuals, the left sections of the heart

Ostium primum defects (20%): Defects in
the

ostium

classified

as

primum

are

are under higher pressures compared to the right

frequently

atrioventricular

sections because the left ventricle has to produce a

septal

sizeable amount of pressure to pump blood

defects, however, they can occasionally be

throughout the whole human body, while the right

categorized as atrial septal defects. Ostium

ventricle only requires to produce enough pressures

primum defects are not as frequent as
ostium

secundum

defects.

to pump blood to the adjacent lungs [13].

This

classification of defect is typically linked

When dealing with a large ASD of more than 9mm,

with Down syndrome. By definition, this

a clinically significant shunt may occur from the

defect is associated with cleft mitral valve

left system to the right system. The shunting of

and is a type of AV defect [11].


blood occurs from the left atrium to the right

Sinus venosus defects (10%): The sinus

atrium, specifically. The extra blood that is shunted

venous ASD is a kind of atrial septum

from the left atrium to the right atrium will result in

defect. This defect can either affect the

a volume overload of the whole right system,

venous inflow of either the superior or

including both the right atrium and right ventricle.

inferior vena cava. Ones that involve the

If left untreated, this state can cause a significant

superior vena cava contribute to 2-3% of

enlargement of the whole right side of the heart

all interatrial communication. These types

which will ultimately result in heart failure [14].

are situated at the junction of the superior



vena cava and the right atrium. Instead of

Any mechanism that leads to an increase in the

the normal drainage of the pulmonary

pressure of the left system can further exacerbate

veins into the left atrium; this defect is

the left to right shunt. This includes hypertension,

typically associated with drainage of the

where the pressure in the left ventricle increases

right-sided pulmonary veins into the right

during ventricular systole to enable the opening of

atrium. Around 90% of the sinus venosus

the aortic valve. Another example is coronary

ASD’s

partial

artery disease which can also stiffen the left

anomalous pulmonary venous drainage

ventricle, increasing its filling pressure during

[7].

diastole. The left to right shunt caused by ASD’s

Coronary sinus defects (<1%): Defects in

increases the overall filling pressures or preload of

the tissues surrounding the coronary sinus

the right side of the heart, therefore forcing the

can lead to various communications

right ventricle to pump out more blood compared

between the coronary sinus and the left

to the ventricle on the left side. This continuous

atrium. This is also known as an unroofed

overloading of the right section of the heart leads to

are

associated

with

4
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a direct overload of the complete pulmonary

evidence highlight the implication of various genes

vasculature. This can directly result in pulmonary

and syndromes in the formation of ASD’s.

hypertension later down the line [11].

Therefore, it is of vital importance to be aware of
these genetic linkages in order to encourage early

Pulmonary hypertension will increase the afterload

detection, enable quick treatment and halt disease

that faces the right ventricle. This means that the

progression. Some cases of ASD appear to run in

right ventricle will now have to generate increased

families. In such rare cases, the two forms, ostium

pressures to overcome this increased afterload.

primum and ostium secundum defects seem to be

Subsequently, right ventricular failure will occur as

inherited as autosomal dominant genetic traits [1].

the right ventricle will become dilated and its
systolic function will decrease [12].

The genes and syndromes that seem to

be

associated with the formation of ASD’s are:
If the ASD is not treated, then the pulmonary
hypertension will progress further and the pressures

1.

NKX2.5

of the right system will become higher than that of

Mutations in the NKX2.5 gene, which is a

the left system of the heart. This significant switch

member

of the pressure gradients will cause the shunting

homeobox genes, have been associated

through the ASD to reverse, becoming a right to

with

left shunt instead. This process is known as

occurring

Eisenmenger’s Syndrome. Once this reversal

blocks. It is also associated with around 1-

occurs, part of the deoxygenated blood

gets

4% of sporadic ASD’s. Multiple studies

pumped to the left side of the heart and out to the

have proved the relationship between this

body, causing severe cyanosis which significantly

genetic mutation and ASD’s. A study

jeopardizing the patient’s health condition [13].

examining more than 6 family members

of

the

NK-2

autosomal

category

dominant

alongside

of

ASD’s

atrioventricular

across 4 generations is an example of this
Moreover, in rare cases, the open connection

correlation. 2 sisters had ASD’s and mitral

between the atrias may also allow venous emboli to

insufficiency, while the 4 others had

travel into the arterial circulation causing cerebral

ASD’s with conduction

or systemic thromboembolic events in a process

[16].

abnormalities

called, paradoxical embolization [2].
Another study also proves the presence of
an autosomal dominant mutation that
results

Genetic Linkages of ASD’s

in

the

formation

of

ASD’s

alongside AV blockage. Around 10 family

ASD’s mostly occur in sporadic forms. However,

members across 4 generations have been

the atrial septum is one of the cardiac structures

found

most sensitive to environmental or genetic factors.

prolongation.

Therefore, many affected individuals have some

discovered

following

sort of family history of septal defects or other

catheterizations,

surgery,

congenital heart problems. Current research and

examinations. After thorough genetic
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testing, they all had mutations in the

One of the most documented syndromes

NKX2.5 genes [17].

that is associated with ASD’s is the Holtstudy

Oram Syndrome. This is an autosomal

NKX2.5

dominant condition that affects patients’

Mutations and ASD’s. A review of the

bone structure of their upper limbs and

provided literature showed around 59

causes

different NKX2-5 mutations in around

syndrome can include the absence of a

202 patients. Mutations were found in all

forearm radial bone, an ASD or heart

familial cases. The wide majority of

block. It has a prevalence rate of 1 in

patients, around 74% were found to have

100,000 people in 2018 [21].

Moreover,
proves

another

the

systematic

link

between

cardiac

abnormalities.

The

ASD’s alongside conduction defects [18].
All patients with Holt-Oram syndrome
2.

GATA4

have, as a minimum, one abnormal wrist

Mutations to the GATA4 gene has been

bone that is usually detected via X-RAY.

shown to cause ASD’s associated with

There are many bone abnormalities that

other congenital heart diseases but without

are associated with this syndrome and can

conduction

noncardiac

widely vary in severity. This includes a

abnormalities. Up to 3 families with

missing thumb, a triphalangeal thumb,

autosomal dominant ASD’s and without

unequal or underdeveloped upper limbs,

conduction

clavicular

defects

or

abnormalities

have

been

abnormalities

or

scapular

identified to have heterozygous mutations

defects. These abnormalities can affect

in the GATA4 zinc finger transcription

one or both sides of the body, however

factor gene. These individuals with these

research shows that the left side is much

specific mutations have also been shown

more greatly affected [14].

to have other concurrent congenital heart

Around 75% of patients with Holt-Oram

diseases, such as pulmonary vein stenosis

syndrome

[19].

also

have

some

sort

of

congenital heart defect. The most common
heart defect found in the majority of

3.

patients is an ASD. Patients of this

TLL1

syndrome have also been found to have

Mutations in the TLL1 Gene have also

cardiac conduction abnormalities leading

been shown to cause ASD’s alongside

to

intraarterial septum aneurysms and cardiac
arrythmias.

Studies

have

shown

collected

to

fully

support

variety
and

of

bradycardias,

nodal

blockages.

Nonetheless, the most common cardiac
abnormality in these patients is an ASD

this

[9].

correlation [20].
4.

wide

fibrillations

a

relationship, but more evidence needs to
be

a

Holt-Oram Syndrome & TBX5 Gene

After

many

years

of

analyses

and

investigations, it has been found that
mutations in the TBX5 gene causes the
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Holt-Oram Syndrome. This gene produces

Nonetheless, the mitral stenosis can still

a specific protein that is crucial for the

worsen the prognosis because it adds

fetal physiological development of both

strain onto the right side, increasing right

the

upper

ventricular work and overall pulmonary

musculoskeletal system. Studies have

blood flow. This subsequently can result

shown that this mutation has an autosomal

in pulmonary hypertension later down the

dominant

which

line. Central venous pressure is also

explains the prominent prevalence of this

increased in patients with this syndrome.

condition across many generations in the

Many

affected families [8].

Lutembacher Syndrome is inherited in an

cardiac

tissues

and

inheritance

the

pattern,

studies

have

concluded

that

autosomal dominant fashion and therefore
5.

Lutembacher Syndrome

can affect multiple family members across

Another syndrome that involves ASD’s is

several generations [22].

the Lutembacher Syndrome. Patients with

6.

Down Syndrome

this syndrome have a long-standing ASD

Finally, patients with Down syndrome

alongside an acquired mitral stenosis. The

have higher rates of ASDs. As many as

ASD is classically of an ostium secundum

one half of Down syndrome patients have

type and the mitral stenosis is commonly

some type of septal defect. Atrial septal

rheumatic instead of congenital. Studies

defect was the most common isolated

have shown that the ASD is actually

cardiac defect (33% of the total) and

protective for these patients because it

ostium secundum ASD was the most

provides a conduit to decompress the left

frequent type [23].

atrium and the pulmonary vasculature.

Conclusion
ASD’s constitute a great portion of
congenital heart diseases around

the

world, thus it is of vital importance to shed
light on the genetic linkages associated
with the condition. Doing so could
possibly lead the way to increase its early
detection and treatment in other family
members,

preventing

complications of the condition.
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Figures:

Figure (1): Detailed Annotation of the Types of Atrial Septal Defects [24].
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