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ABSTRACT

Background: Atrial septal defect (ASD) is a congenital cardiac abnormality, representing roughly 10% of all
congenital heart problems. The ostium secundum type is the truly familiar form, characterised by a deficit in
the fossa ovalis. A significant proportion of instances, sometimes diagnosed in childhood, remain asymptomatic
and undiscovered for the whole of a patient’s life.

Case Presentation: An incidental discovery of a multi-fenestrated ostium secundum-type atrial septal defect
was made during routine cadaveric dissection of a 60-year-old male cadaver. Five distinct fenestrations were
observed within and around the fossa ovalis area of the interatrial septum, located in its superior, central, and
inferior segments a configuration characteristic of the ‘swiss-cheese’ septal variety. The fossa ovalis boundary
was discernible as a fibrous ring, however the floor and adjacent septum secundum tissue were significantly
perforated. This individual has no recorded history of congenital heart disease.

Conclusion: This case highlights the clinical and anatomical importance of multi-fenestrated ostium secundum
atrial septal defect, a morphological variety characterised by numerous distinct perforations instead of the
anticipated singular central opening. The observed ‘swiss-cheese’ pattern has significant implications during
surgical intervention, since it frequently prevents conventional single-device transcatheter closure and may
require surgical patch repair. This case underscores the significance of cadaveric dissection in revealing intricate
congenital abnormalities that may remain asymptomatic during a affected population life.
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INTRODUCTION

Congenital heart disorders (CHDs) constitute
a diverse array of anatomical defects of the
heart and major arteries resulting from
defective embryogenesis which occurs during
the initial eight weeks of intrauterine
development [1]. Atrial septal defect (ASD) is
one of the most common CHDs, with an
incidence of roughly 1.6 per 1,000 live births,
accounting for about 10% of all congenital
cardiac malformations. [2]. ASD is characterised
by abnormal communication between the two
atria, allowing oxygenated blood to flow from
the left atrium to the right atrium, resulting in
right-sided volume overload and, ultimately,
pulmonary hypertension and right heart
failure [3].

ASD are categorised into four primary subtypes
according to their anatomical position of the
defect: (1) ostium secundum type, situated in
the central area of the interatrial septum at
the fossa ovalis; (2) ostium primum type,
located in the inferior segment of the atrial
septum contiguous to the atrioventricular
valves; (3) sinus venosus type, sited near the
entrance of the superior or inferior vena cava;
and (4) coronary sinus type, the utmost
uncommon variant. The ostium secundum
ASD is the very familiar type, representing
75—-80% of all ASDs [4,5].

A distinctive and clinically significant charac-
teristic of ostium secundum ASD is its propen-
sity to remain asymptomatic for decades, and
in certain instances, throughout the patient’s
life [6]. This is especially observed in the older
demographic, where undetected ASDs may be
discovered incidentally either during
echocardiographic assessments for unrelated
ailments, cardiac catheterisation, or, as in the
current instance, after post-mortem cadaveric
dissection [7].

The embryological origin of this defect has
been thoroughly documented during cardiac
development, the foramen ovale formed by
the communication of septum primum and
septum secundum fails to close entirely, or the
septum secundum develops with excessive
fenestration or insufficient tissue mass, result-
ing in a persistent interatrial communication.
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A big, centrally located defect corresponds to
the ostium secundum phenotype [8].

We document an inadvertent finding of a
substantial ostium secundum-type ASD in a
sixty-year-old male cadaver during
anatomical dissection. This represents valuable
discovery that needs to be documented,
considering the age of the cadaver and the lack
of any previous clinical diagnosis. This paper
offers an exhaustive examination of the
literature related to the morphology,
embryology, epidemiology, clinical manifesta-
tions, complications, and therapy of this
illness.

CASE PRESENTATION

In the normal dissection session held in the
Department of Anatomy, a male cadaver
approximately 60 years old was examined as
part of the standard instructional program. The
cadaver was preserved utilising conventional
embalming techniques with a 10% formalin
solution. No notable medical history or cause
of death was provided in the documents
accompanying the cadaver.

Upon accessing the thoracic cavity and
conducting a systematic dissection of the
pericardium, the heart was in situ and
subsequently excised according to established
anatomical technique. The external inspection
of the heart showed no apparent gross
abnormalities, including the heart’s size and
weight were normal.

Following a meticulous incision of the right
atrium along the sulcus terminalis, the inside
of the right atrium was revealed. The
examination of the interatrial septum revealed
numerous distinct perforations concentrated
within fossa ovalis and next to the limbus fossa
ovalis, indicative of a multi-fenestrated ostium
secundum-type ASD (Figure 1). Five distinct
fenestrations were identified: (1) a superior-
left perforation in the upper-left quadrant of
the fossa ovalis; (2) a superior-central
fenestration situated just above the center of
the fossa ovalis; (3) a smaller superior-right
fenestration; (4) a mid-level left-margin
perforation along the left border of the
septum secundum; and (5) an inferior-left
fenestration in the lower-left area of the fossa

9608



Saravanan Jagadeesan, Thirupathirao Vishnumukkala, Narendiran Krishnasamy, Shajan Koshy, Mohamad Aris Bin Mohd Moklas, Ahmad
Yusuf Bin Yahaya. Ostium Secundum Atrial Septal Defect: A Case Report with Review of Literature.

ovalis. The edges of each defect were smooth,
hard, and fibrous, indicative of chronic
organised perforations. No other structural
anomalies were detected. The tricuspid and
mitral valves appeared macroscopically
normal.

illustrating a Mult fenestrated ostium secundum atrial
septal defect (OS ASD). The interatrial septum is
observed from the perspective of the right atrium.
Numerous distinct fenestrations are evident within the
fossa ovalis, indicative of a Mult fenestrated OS ASD,
as highlighted in red. The next elevated muscle border
limbus fossa ovalis (annulus ovalis) is well-preserved
and complete.

The findings were consistent with a
multi-fenestrated ostium secundum- ASD, a
morphological variant characterised by exces-
sive and spatially distributed resorption of the
septum secundum, resulting in multiple
discrete communications instead of a single
large defect. This variation is very significant
from both a morphological and clinical
treatment standpoint.

DISCUSSION

Embryological basis of Ostium Secundum Atrial
Septal Defect

Comprehending the embryology of the intera-
trial septum is essential for understanding the
aetiology of ostium secundum ASD. Cardiac
septation commences approximately in the
fourth week of embryonic development [9].
The initial structure to develop is the septum
primum, a crescent-shaped membrane barrier
that extends downward from the ceiling of the
primitive atrium near the endocardial
cushions. As it develops, it forms a transient
aperture known as the ostium primum at its
lower edge [10].

Earlier to the closure of the ostium primum,
programmed caspase-mediated cell death in
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the above segment of the septum primum
generates a new aperture known as the
ostium secundum, preserving interatrial
connection vital for foetal circulation.
Subsequently, the septum secundum,
composed of more muscular and less flexible
tissue, develops to the right of the septum
primum and lowers, partially obscuring the
ostium secundum. This produces a constricted
opening referred to as the foramen ovale. [11].

In embryonic circulation, blood traverses from
the right atrium to the left atrium through the
foramen ovale, bypassing the inactive unborn
lungs. Postnatally, with the commencement of
pulmonary circulation and the increase in left
atrial pressure, the septum primum is opposed
to the septum secundum, thereby occluding
the foramen ovale [12]. In roughly 75% of
people, this functional closure is succeeded by
anatomical fusion within the initial two years
of life [13].

The ostium secundum ASD occurs when: (1)
the ostium secundum is enlarged due to
excessive apoptosis; (2) the septum secundum
inadequately develops to cover the ostium
secundum; or (3) there is abnormal resorption
of the septum primum, leading to multiple
fenestrations that merge into a significant
central defect. The outcome is a sustained,
haemodynamically relevant interatrial connec-
tion at the fossa ovalis [11].

Morphological Classification and the Multi-
Fenestrated Variant

Ostium secundum ASD demonstrate significant
morphological diversity. Classification can be
founded on size (small <10 mm, moderate
10-20 mm, large >20 mm); shape (round, oval,
irregular, or fenestrated); margin features
(adequate rims against deficient rims in one
or more sectors); and multiplicity (single
defect versus numerous fenestrations) [14].

The multi-fenestrated ostium secundum ASD,
as noted in this example, represents a unique
and clinically significant morphological variant.
This variety features several discrete perfora-
tions distributed throughout the fossa ovalis
and the adjacent septum secundum tissue,
rather than a singular big central connection
[15]. The embryological foundation is thought
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to be due to spatially scattered excessive
apoptosis in the septum primum and/or ab-
normal development of the overlaying septum
secundum, leading to many residual holes that
do not merge into a singular defect or achieve
spontaneous closure [16].

In this cadaver, five fenestrations were
observed, located in the superior, central, and
inferior regions of the fossa ovalis. This distri-
bution, encompassing all quadrants of the
fossa ovalis, aligns with widespread rather
than localised tissue resorption and closely
mimics the ‘swiss-cheese’ septal variant
documented in the literature [17].

The defect margins, known as rims, are
clinically important for device closure planning.
The rims consist of the aortic rim, the
superior border (next to the superior vena
cava), the inferior border (adjacent to the
inferior vena cava), the posterior border, the
atrioventricular edge (adjacent to the
atrioventricular valves), and the coronary
sinus rim. The multi-fenestrated form
frequently lacks sufficient rim tissue between
individual fenestrations, which renders
transcatheter closure with a single device
technically difficult or unfeasible necessitating
open surgical patch repair [18].

This has obvious consequences for the
clinical management of these patients and
emphasises the necessity of precise
morphological description using transoesopha
geal echocardiography or cardiac MRI before
planning any intervention [19].

Haemodynamic Implications

The physiological effects of an ostium
secundum ASD are mostly determined by the
defect’s size and the accordance of the two
ventricles. In cases of substantial left-to-right
by-pass causes volume overload in the right
atrium and right ventricle, resulting in continu-
ing enlargement and hypertrophy of the right
heart. The pulmonary vasculature experiences
elevated flow, which over decades may result
in structural alterations identified as pulmo-
nary arterial hypertension (PAH) [20].

The shunt ratio (Qp:Qs), indicating the propor-
tion of pulmonary to systemic blood flow, is a
crucial factor in assessing severity. A ratio
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exceeding 1.5:1 is typically regarded as
haemodynamically important. Untreated big
atrial septal defects (ASDs) can progress to
Eisenmenger syndrome, characterised by
irreversible pulmonary hypertension and
shunt reversal; however, this occurrence is less
frequent in isolated ASDs than in ventricular
septal defects [21].

Clinical Manifestation and Natural Progression
in Adults

The clinical progression of ostium secundum
ASD in adults is inconsistent. A significant
number of patients remain asymptomatic
until their third or fourth period of life, at
which point symptoms such as exertional
dyspnoea, tiredness, and palpitations occurs.
Post-40 years of age, the occurrence of atrial
fibrillation significantly increases in
individuals with unrepaired ASD, due to atrial
dilation and fibrosis caused by mechanical
stretching [22].

Other notable consequences in elderly
individuals with unrepaired ASD include: (1)
paradoxical embolism via the defect, poten-
tially resulting in stroke; (2) right heart failure;
(3) supraventricular arrhythmias; (4) increas-
ing pulmonary hypertension; and (5) infective
endocarditis. A study by Campbell (1970) an-
ticipated that 50% of individuals with large
unrepaired ASDs would succumb before the
age of 40; however, advancements in diagnos-
tic techniques have since demonstrated that
a considerable number of adults live into older
age with moderate symptoms or remain fully
asymptomatic [23].

The discovery of a 60-year-old individual with
a significant, likely unrepaired ostium
secundum atrial septal defect in this cadaver
signifies that this could have been a clinically
asymptomatic ASD or person suffered mild
cardiovascular symptoms misattributed to
other reasons.

Diagnostic Techniques

The diagnosis of ASD in clinical practice
depends on a combination of clinical exami-
nation, electrocardiography, chest radiography,
and echocardiography. Transthoracic
echocardiography (TTE) functions as the
principal diagnostic instrument, illustrating
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the defect, its dimensions, and the direction
and magnitude of shunting by colour-flow
Doppler. Transoesophageal echocardiography
(TEE) offers enhanced resolution for rim evalu-
ation, when planning for surgical closure [22].

Cardiac catheterisation, although predomi-
nantly replaced by echocardiography for
diagnostic purposes, has its significance when
evaluating pulmonary vascular resistance.
Cardiac MRI is becoming a significant supple-
mentary tool, providing accurate volumetric
assessment of shunt flow and right ventricu-
lar performance. CT angiography is little
utilised however can offer comprehensive
anatomical insights [24].

Electrocardiogram findings with ostium
secundum ASD typically exhibit right axis
deviation, right bundle branch block (either
incomplete or complete), and a longer PR
interval in certain instances. Chest radiogra-
phy may show cardiomegaly with right heart
prevalence and increased pulmonary vascular
patterns [25].

Management

The management method for ostium
secundum ASD is based on the patient’s age,
symptomatology, shunt ratio, pulmonary
vascular resistance, and defect anatomy. The
prevailing recommendations from the
American College of Cardiology/American
Heart Association (ACC/AHA) and the
European Society of Cardiology (ESC) advocate
for the closure of haemodynamically signifi-
cant atrial septal defects (ASDs) (Qp:Qs >1.5:1)
in all symptomatic individuals and in asymp-
tomatic individuals who exhibit signs of right
heart volume overload [26].

Two primary methodologies are accessible:
transcatheter device occlusion and surgical
intervention. Transcatheter closure using
Amplatzer Septal Occluder or analogous
devices has emerged as the preferred method
for anatomically appropriate ostium
secundum ASD, providing reduced procedural
risk, lower duration of hospitalisation, and
comparable efficacy to surgical intervention.
The gold standard for big lesions with
inadequate rims, intricate morphology, or
related anomalies is surgical closure with
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direct suture or patch repair [27].

Significantly, in elderly patients (>60 years),
ASD closure has demonstrated enhancements
in functional capability and excellence of life,
a reduced frequency of new-onset atrial
fibrillation, and a potential increase in
lifespan, provided there is absence of irrevers-
ible pulmonary arterial hypertension. These
observations underscore the significance of
not disregarding incidental ASD findings in the
elderly as trivial [26]. Importance of Cadaveric
Observations in Anatomical Education

The identification of substantial circulatory
irregularities during cadaveric dissection
possesses considerable educational and
scientific significance. These findings offer
medical students a concrete, three-dimen-
sional understanding of congenital defects that
no textbook or digital medium can entirely
reproduce. Furthermore, case studies
detailing cadaveric anomalies enhance the
anatomical and pathological literature by
identifying morphological variances and their
potential clinical implications [28].

Prior case reports have detailed different
cardiac abnormalities unexpectedly discovered
in cadavers, such as bicuspid aortic valves,
persisting left superior vena cava, aberrant
coronary artery origins, and ventricular septal
defects [29, 30]. The documentation of ostium
secundum ASD in a 60-year-old male cadaver
significantly contributes to the existing
knowledge, since it illustrates that substantial
abnormalities can persist undiscovered in a
functionally normal man for more than sixty
years.

CONCLUSION

We report an uncommon incidental discovery
of a multi-fenestrated ostium secundum-type
ASD in a 60-year-old male cadaver identified
during standard anatomical dissection. Five
distinct openings were observed within and
surrounding the fossa ovalis, located across
the superior, central, and inferior regions of
the interatrial septum having morphological
characteristics of a multi-fenestrated pattern
of ASD which has been a clinically unrecognised
congenital cardiac abnormality.
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This case underscores several critical educa-
tional points: firstly, multi-fenestrated ostium
secundum ASD can be asymptomatic and
undiagnosed into advanced age; secondly, the
‘swiss-cheese’ morphological configuration
observed here has specific ramifications for
transcatheter closure, often requiring surgical
patch repair instead of single-device deploy-
ment; thirdly, the anatomical dissection room
serves as an invaluable venue for the identifi-
cation and documentation of intricate congeni-
tal anomalies that enhance both undergradu-
ate medical education and the published
anatomical corpus.

We advocate for the systematic documenta-
tion and reporting of all accidental findings in
cadaveric dissection to enhance the under-
standing of undetected congenital heart
disease among the general population. Future
research involving post-mortem cardiac
evaluations with systematic documentation
may assist in determining the actual
prevalence of undiagnosed ASD in the older
population.
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