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Abstract

Congenital Heart Disease (CHD) is the most common congenital disorder in new-borns. This
literature review aims to discuss several forms of CHD, including truncus arteriosus,
tetralogy of Fallot, Ebstein’s Anomaly, ventricular septal defect and aortic coarctation, with a
specific focus upon the recent advancements in the treatment of CHD, especially surgical
advancements. Although several of these novel treatment options have improved patient
outcomes, the complication rates still remain high and emphasis should be placed upon
further research to be conducted enabling the development of better treatment strategies for
CHD patients. There is a need for data standardization across single center trials and/or
multicenter large studies with sufficient follow-up time to evaluate long-term outcomes in
patients with CHD. Among others, this review includes the description of the following
treatment options: endovascular techniques, complete surgical repair, and hybrid techniques.

Keywords

Congenital heart disease, Truncus arteriosus, Tetralogy of Fallot, Ebstein’s anomaly,
Ventricular septal defect, Aortic coarctation, CHD, Endovascular technique, Surgical, Pulse
oximetry

Himanshi Aggarwal, Scottish High International School, Block G, Sushant Lok 2, Sector 57,
Gurugram, Haryana 122011, India, aggarwalhimanshil 9@gmail.com

Journal of High School Science, 7(2), 2023


mailto:aggarwalhimanshi19@gmail.com

Introduction

Congenital Heart Disease
Congenital heart disease (CHD) comprises
structural defects of the heart and/or blood
vessels, which affects approximately 0.8-
1.2% of livebirths worldwide (1). It is the
most common congenital disorder in new-
borns, and it may negatively impact the heart
function and circulation (1, 2). Over the last
few decades, the surgical repair and treatment
of CHD have made significant progress due
to advancements in technology, which has
resulted in improved patient
reduced morbidities as well as

outcomes,
decreased
mortality, with more than 90% of children
with CHD surviving into adulthood due to
advancements in disease recognition and
improved medical and surgical management,
(3) with the survival of paediatric patients
with CHD over the past few decades
significantly increasing (4, 5). Due to
advancements in perioperative care, the rate
of brain injury in CHD has been significantly
reduced. In a study where 270 term new-
borns with complex CHD were enrolled in
pre- and post-operative MRIs between 2001
and 2021, it was found that while the
preoperative rates did not change, the
postoperative rates for white matter injury
(WMI) declined by 18.7% (6). These aspects
are further explored throughout this literature
review.

CHD encompasses a multitude of structural
defects, including atrial septal defect (ASD),
ventricular septal defect (VSD), tetralogy of
Fallot (TOF), arteriosus  (TA),
coarctation of the aorta (CoA), transposition
of the great arteries (TGA), as well as others.
Each of these CHD forms has different
severity and occurrence rates.

truncus
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Although no specific cause of CHD has yet
been isolated, there are several genetic and
environmental  factors linked to its
manifestation. CHD can be caused by either
genetic (~ 40% of cases) or environmental
factors ~ 2-10% of cases, with wvarious
maternal illnesses including diabetes, obesity
and nutritional deficiencies such as vitamin
A, vitamin D, as well as the combination of
both (3, 7, 8). Some of these genetic factors
can include chromosomal abnormalities, gene
mutations, familial predisposition, while
some environmental factors may include
maternal infections, maternal diabetes as well
as maternal exposure to specific toxins and/or
medications (9).

Genetic Testing of CHD with more advanced
methodologies, such as chromosomal
microarray (CMA) or exome sequencing

have established genetic predisposition,
thereby enabling better prediction and
consequent management of CHD, and

allowing for screening of family members.
Furthermore, these techniques have enabled
perinatal management, allowing for a better
understanding of long-term event free
survival, growth, neurodevelopmental
performance and ventricular function, hence
leading to improved clinical outcomes (10).

Although genomic factors play an importance
in CHD manifestation, detailed information is
largely unknown. Regardless, some aspects
of CHD which are associated with a
phenotype could benefit from genomic
editing. Some of these CHD phenotypes that
have been considered for CRISPR-Cas9
intervention include DiGeorge’s Syndrome
and Barth Syndrome; among others (11-13).
Genome editing using CRISPR-Cas9 for
conditions like

treating genetic
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cardiomyopathy requires precise and efficient
techniques to ensure safety (14). Although
recent successes have shown promise in
correcting specific mutations, concerns about
reproducibility, off-target effects, and
delivery challenges need to be addressed
before considering its further application in
patients with CHD (15).

Epigenetic modification is another aspect that
is being researched, which affects the
spatiotemporal pattern of gene expression
(16). The best known examples of the
epigenetic process include DNA methylation,
histone modifications and non-coding RNA
activity, the most common being DNA
methylation. DNA methylation refers to the
process of adding methyl group(s) to DNA
molecules (17, 18). Several studies have
investigated the association between DNA
methylation and CHD (19). DNA methylation
profiles differ between different stages of
embryonic development, neonates,
adults, as well as between healthy individuals
and patients with heart disease (20). Changes
DNA methylation during cardiac
development can affect the expression of
genes involved in heart development and
myofibril gene expression (21).  Further
research is needed to better understand the
complex  relationship  between = DNA
methylation, environmental factors, and the
development of CHD.

and

in

Discussion

Congenital Heart Disease

Various screening methods can be utilized to
diagnose CHD, including prenatal ultrasound,
clinical observation, and postnatal pulse
oximetry testing. Pulse oximetry screening is
performed within 24 hours of birth and
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involves measuring pre- and post-ductal
oxygen saturations using a pulse oximeter,
with one placed on the right hand and the
other on either foot. The sensitivity of pulse
oximetry screening to detect critical CHD is
38%, making it a satisfactory initial screening
tool. However, using other tests, such as
ultrasound, can narrow the diagnosis. Infants
with critical CHD requiring surgery may have
better short-term outcomes and long-term
survival when diagnosed prior to or at the
neonatal cardiac Nevertheless, a
retrospective chart review and registry study
found no significant difference in survival
rates between those diagnosed during

screen.

screening and those diagnosed at a later stage.
Further research is required to evaluate the
effectiveness of different screening methods
and to determine the best approach for

detecting and diagnosing CHD in new-borns
(22).

The treatment of CHD involves a multitude
of methods including medical and surgical
interventions. Medication may be prescribed
for patients in order to manage their
symptoms, prevent complications and
improve overall heart function. Another
technique is surgical intervention, which is a
more common route, since CHD 1is a
structural defect. Surgery utilised for each
patient depends on the specific type of CHD.
However, surgical intervention is associated
with more risks, including bleeding, infection
or other heart and lung complications.
Numerous advances in the treatment of CHD
have allowed for the development of open-
heart surgery, minimally invasive surgery,
endovascular  procedures, and  hybrid
procedures. Additionally, to improve patient
outcomes, long-term follow-up care of
patients diagnosed with CHD is vital. The

Journal of High School Science, 7(2), 2023



follow-up care typically includes regular
monitoring and examination to timely detect
and access complications, if and when these
arise. This allows for optimal heart function
and a lower re-operation rate, which varies
depending on the specific type of CHD detect
as well as the surgical technique first utilised
(23).

The of
incorporated in the teaching of congenital
heart surgery through three-dimensional (3D)
printed models moulding
technology, allows for instant feedback from
the teacher and decreasing the risk to patients.
Due to the rarity of the disease and the
multitude of natures of CHD, this procedure
is demanding as it is, hence innovative and
realistic simulation teaching tools are needed.
Additionally, there is no agreed consensus on
the duration and nature of the training prior to
certification, varying significantly between
countries, hence there is a possibility of a
shortage of cardiothoracic surgeons in the
future in this field (24). Teaching by
simulation platforms is expected to bring
uniformity of procedure and skill-sets.
Through repeated simulations future surgeons
are expected to be able to retain and improve
skills, as well as decrease the procedural time
(25). There is a vast variety of simulation
platforms, some include virtual

utilisation surgical simulation

or silicone

reality
simulators, beating heart simulators, isolated
biological heart simulators, 3D replica human
simulators etc. Currently, the most commonly
utilised is low-fidelity simulators, for learning
cutting, suturing and other basic skills (26).
However,
hands-on surgical training (HOST) model
which uses 3D printing or silicone moulds,
first introduced in 2015. Training using the
model demonstrated improvement in surgical

an advancement has been the
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time and technical performance at the second
HOST attempt for the arterial switch
operation and Norwood operations (27, 28).

Another treatment of CHD to be considered
is stem cell therapy, which can be
supplemented alongside surgery and has been
shown to have favourable outcomes,
providing benefits to cardiac function, quality
of life and somatic growth. However, stem
cell therapy should only be performed in the
context of well-planned clinical trials, and
more studies and research into this field will
help to clearly determine the efficacy.
Umbilical cord cells, endothelial progenitor
cells, mesenchymal stem cells, cardiac stem
cells and bone-marrow derived progenitor
cells have been used in CHD clinical trials
(29, 30). Wehman et al. conducted preclinical
studies on pigs with right ventricular pressure
overload, utilising mesenchymal stem cells
through intramyocardial delivery, enabling
right ventricular function preservation and
attenuation of remodelling. Unfortunately,
there have been limited stem cell studies
conducted on children with CHD (31, 32) .

Additionally, another regenerative technique
utilised increasingly is to use biological
scaffolds, categorised as homografts and
xenografts, which have been shown to
improve patients’ quality of life, however,
subsequent prophylactic
therapy (33). Homografts,
either from the patient’s body or tissue from a
human donor, possess traits such as
manipulability, capacity for growth and repair

these necessitate
anticoagulant

due to cellular infiltration, however, some can
evidently stimulate an immune response
hence are best required to undergo fixation or
The pericardium is a
biological

decellularization.
commonly utilised autologous
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graft for pulmonic valve correction, however,
it has a tendency to degenerate due to
endothelial stress. A particular option for
homograft that has shown promise as a
scaffold material is decellularized
Extracellular ~ Matrix  (dECM),  which
promotes wound healing and tissue
regeneration through its anti-bacterial
activity, due to the presence of structural
proteins and glycoproteins which positivity
impact wound healing (34-36). For CHD
surgical replacement though, a homograft
represents the preferred option, due to the
more accurate matching of tissue, and the
perception that they are more durable and less
immunogenic. However, their availability is
limited for clinical CHD
representing a  significant  challenge,
necessitating surgeons to use xenografts from
bovine or porcine sources, which include
Matrix P (MPV), Matrix P
plus® valves (MP+V), urinary bladder matrix
(UBM), Proxicor®, and dECM hydrogels
(36).

scenarios,

valves

In summary, the surgical treatment of CHD
has advanced significantly in recent years,
enabling improved outcomes and reduced
complications for patients. Novel surgical
techniques have improved the efficiency and
quality of treatment. However, for optimal
patient care, the management of CHD does
require a multidisciplinary team approach and
ongoing follow-up to minimal
complications.

ensure

Truncus Arteriosus

Truncus Arteriosus (TA) is a critical form of
congenital heart disease (CHD) characterised
by the existence of a single arterial trunk,
which fails to separate into systemic and
pulmonary

circulatory branches during
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embryonic  development. =~ While TA
constitutes less than 3% of all CHD
diagnoses (37), the severity and elevated
mortality rate of TA necessitate neonatal or
early infancy surgical repair. A delay in
surgery beyond 3 months of age causes an

increase in the likelihood of cardio-
pulmonary decompensation as well as
hypertensive disease (37).

Multiple surgical techniques have been

developed to treat TA. One clinical study
conducted at the King Abdulaziz Cardiac
Center with a sample size of 64 patients
diagnosed with TA between 2001 and 2021
found that early surgical repair (within 3
months of age) resulted complete
resolution of pulmonary hypertension in the
majority of patients after 61.8 + 58 months of
follow-up (38). In contrast, the late repair
group showed a 37% prevalence of persistent
pulmonary hypertension with a mean follow-
up of 41.5 + 68.2 months, requiring ongoing
medication for management. However, the
early repair group also had a higher rate of
reinterventions at 36%, compared to the
group that underwent surgery after three
months of age, with a rate of 6% (38).

in

In another study evaluating the outcomes of
TA surgical re-intervention was
necessitated for 36% of the total of 23
patients post-surgery. However, notably, the
patients that underwent surgery prior to the
age of 3 months had a significantly higher
prevalence of reinterventions (48%)
comparison to the group that underwent
surgery after 3 months of age (6%). The
average time to first reintervention was

repair,

in

greater for the early-repair group: at 38
months for the early-repair group and 24

months for the late-repair group. The
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majority (87.5%) of patients survived over an
average follow-up period of 56.7 months,
with no significant difference in overall
mortality rate between the two groups
(12.5%). The primary cause of mortality was
pulmonary hypertension complications, with
respiratory infections being a contributing
factor, within both groups (37). These
findings highlight the increased importance
of continued surveillance and management of
patients post-surgery in order to timely detect
and manage complications.

Despite the improvement in patient outcomes
over time, there still remain significant
complications associated with these surgical
procedures. For example, these complications
include the need for additional surgical
interventions and the presence of persistent
pulmonary hypertension post-surgery.
Furthermore, the sobering fact remains that
the surgical mortality rates are 10.8% for
neonatal patients, and 9.2% for children (37).
Hence, there 1is still a need for the
development of newer and more efficient

techniques. The most commonly used
techniques are the modified Blalock-Taussig
shunt (in for example, the Norwood
procedure) and the right ventricle to

pulmonary artery conduit, which can be used
alongside three-dimensional technologies
(39). A study reported that the integration of
three-dimensional printing technology and
imaging technology in the surgical planning
for TA has improved the accuracy and

precision of the procedure, leading to
improved outcomes and reduced
complication rates, as well as reduced

morbidities. Additionally, it is more cost-
effective, which makes it suitable for lower-
income countries (40). These developments
highlight the ongoing evolution of surgical
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options for TA and the significance of
continued research and innovation in this
field.

However, one of the drawbacks with the
Blalock-Taussig shunt is its inability to
accommodate physical growth. Another study
addressed this inability, by wusing a
geometrically tunable, hydrogel lined blood
shunt, allowing for modulation to prevent
growth related mismatch from arising when
blood shunt diameter is either too narrow or
too wide in patients. The hydrogel lining
internally, with a fixed outer diameter sheath,
enables for the hydrogel to swell and shrink
based on crosslinks, hence controlling the
blood flow. In a study by Garven et al.
through  experimental
analysis, this hydro-gel lined shunt was
shown to increase the diameter through
increasing crosslinking by 15-18% (which
was the design requirement),
increasing uniformly in contrast to other
options, including external  plungers,
balloons, and ductal stenting, thereby
reducing the risk of thrombus formation (39,
41-42), This study demonstrated the
feasibility of using this growth adaptive shunt
in the future, however, further research and

and  simulation

within

innovation is required for eventual use in
humans through clinical trials.

In conclusion, TA is a rare but critical
congenital heart defect that requires early
surgical intervention to mitigate the high risk
of cardiopulmonary decompensation and
hypertensive disease. Advances in surgical
repair methods have been made, with the
majority of patients in early repair groups

experiencing  complete  resolution  of
pulmonary hypertension after follow-up.
However, there remain significant
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complications, including the need for
reinterventions, persistent
hypertension, and early or late mortality.
Further research is needed to improve the
outcomes and success rate of surgical repair

for TA.

pulmonary

Tetralogy of Fallot

Tetralogy of Fallot (TOF) is a form of
congenital heart disease (CHD) that involves
four structural anomalies, including a
ventricular septal defect (VSD), an overriding
aorta, pulmonic stenosis, and right ventricular
hypertrophy. It is the most common cause of
cyanotic CHD, with an estimated prevalence
of 7-10% with congenital heart disease (43).
The structural defects present in TOF lead to
the mixing of systemic and pulmonary blood,
which results in decreased oxygenation of the
body and a characteristic blue discolouration
of the
(cyanosis).

skin and mucous membranes

For TOF, there are various predisposing
factors that include both environmental and
genetic aspects. Some environmental aspects
include maternal exposure to alcohol, tobacco
smoke as well as certain chemicals. Although
genetic predisposition is rare, this has also
been implicated in the development of TOF,
and has been shown with an increased risk of
death. These can include chromosomal
aberrations, such as DiGeorge’s Syndrome,
and mutations in genes that are involved in
heart development: GATA4, JAGI, NKX-5
(44).

Complete surgical repair is one of the
techniques to treat TOF. This technique aims
to correct all of the four defects that are
associated with TOF and allows for the
restoration of normal hemodynamics. This
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procedure involves the closure of the
ventricular septal defect, the resection of the
right ventricular outflow tract obstruction
(RVOTO), as well as the placement of a
transannular patch to increase the diameter of
the right ventricular outflow tract (RVOT)
(43). This technique is considered an optimal
option for treatment for TOF surgically and
has consistently been shown to have
favourable long-term patient outcomes with
low mortality and reduced reoperation rates
(44, 45). During the surgery of TOF,
unfortunately, residual RVOTOs are very
common, as well as incredibly undesirable, to
the point consider

reintervention favourable

where  surgeons
(46). Surgical
techniques used to correct RVOTO have
fortunately advanced. The traditional surgical
approach for this component of the TOF
defect has been a complete repair, which
removing the
reconstructing the right ventricular outflow
tract. In recent years, partial repair techniques
that involve preserving a portion of the right
ventricular outflow tract obstruction have

entails obstruction and

been developed.

The repair of TOF can be
supplemented through teaching with 3D
printing models as simulation to enhance
surgical ~ skills among  inexperienced
cardiothoracic surgeons. This is shown within

surgical

a study by Nam et al. aiming to assess the
effectiveness of utilising a 3D-printed model
for surgical training in congenital heart
disease, utilising a life-size model of a 6-
month-old patient with TOF and complex
pulmonary stenosis was printed using a
Stratasys Object500 Connex2 printer (47).
The suitability of different composite
materials was evaluated by cardiothoracic
surgeons, and Tango 27 was ultimately
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selected as the final model. Six inexperienced

cardiothoracic surgeons performed three
simulation surgeries individually. The time
required to perform certain surgical

procedures and the surgical proficiency were
measured and evaluated. Hence, results
showed that the performance
significantly improved the three
simulation surgeries. The median time for
applying VSD and RVOT patches decreased,
and the surgical proficiency scores increased.
However, it was noted that the 3D-printed
model had limitations, such as it fully
replicate an actual human heart, and certain
structures were simplified or not visualized.
The choice of printing materials was limited,
and further diversification of materials is
necessary for improved surgical simulation
(47).

surgeons'
over

Furthermore, Endovascular techniques reduce
invasiveness of surgical procedures, which
enables faster recovery times for patients, as
well as reduced risk of complications. The
transcatheter valve technologies currently
available include the Melody Valve as well as
the SAPIEN XT, both which have shown
favourable outcomes, but require monitoring
to prevent complications like endocarditis.
This technique has been found to be safe and
effective in the treatment of small to
moderate sized ventricular septal defects, and
has also shown to improve clinical outcomes

(48).

Another advancement in the surgical
treatment of TOF is the utilisation of a
cardiopulmonary bypass (CPB) alongside
with  biventricular support. CPB  with
biventricular support involves the usage of a
mechanical device to assist both ventricles
during the repair process. This enables better
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blood flow throughout the repair, which
decreases the risk of ischemic injury to the
heart. Biventricular support has been shown
to improve clinical outcomes,
reduced postoperative morbidity, and reduced
risk of low cardiac output
However, a longer time on the CPB machine
is considered a risk factor for arrythmias in
the postoperative period (43).

including

syndrome.

Furthermore, another development within
regenerative medicine has shown promise in
the therapeutic treatment of CHD (and more
specifically TOF and VSDs). MicroRNAs are
small, non-coding RNAs which regulate gene
expression, required the
development of the cardiac muscle, revealed

for normal
by a specific tissue deletion in mice (49).
O’Brien et al. studied MicroRNAs and
expression patterns of 16 infants of mean age
276 days with non-syndromic TOF and 8
infants with normal cardiac development,
discovering that 61 MicroRNAs 135 small
nucleolar RNAs (snoRNAs) were
dysregulated with children with TOF, and
there was a negative correlation with 33
MicroRNAs (50). Furthermore, 51% of the
44 genes involved with cardiac network were
mediated by snoRNAs, alluding that impaired
expression of these may lead to TOF
development (49, 50).

Within recent years, there has also been a
shift towards utilising autologous tissue for
the surgical repair of TOF. Autologous tissue
has been shown to have reduced
complications in comparison to synthetic
materials, however it has also been shown to
have limited durability. (51) Additionally, the
use of autologous tissue has been shown to
require shorter hospital stays, reduced risk of
pulmonary insufficiency and other immune-
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related complications, which are common
with synthetic materials (51). More research
is needed to evaluate if the autologous
materials within the valve are viable long-
term (51).

Re-operation rate after complete repair of
TOF although low, is still not ideal. The most
common reason for re-operation was the
development of residual defects, such as a
residual ventricular septal defect or residual
right ventricular outflow tract obstruction
(43). The long-term outcomes after complete
repair of TOF were found to be excellent,
with high survival rates and good functional
status (44).

Overall, the modern advancements in surgical
treatment of TOF have highly improved
clinical outcomes for patients. This is through
the increased usage of minimally invasive
techniques, biventricular  support, and
autologous improved
imaging technology. Together, these reduced
the risk of complications and improved the
quality of life.

tissue as well as

Ventricular Septal Defect
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Ventricular septal defect (VSD) is one of the
most common congenital heart diseases
occurring in infants and children. It
represents 20% of all congenital heart
defects, which makes it a major public health
issue (52). It is primarily characterized by a
hole in the septum, which separates the two
ventricles of the heart, resulting in blood
flowing from the left ventricle to the right
ventricle, bypassing the lungs, as shown in
Figure 1. This causes an increased workload
on the heart and lungs, which leads to an
increased risk of heart failure as well as
respiratory complications.

Several MicroRNAs have been shown to lead
to the development of VSDs, some include
miR-1, miR-195 among others (53, 54). The
results from the studies on the role of Micro-
RNAs in the development of CHDs indicate
that their therapeutic regulation may improve
clinical outcomes post-surgical intervention,
two of the major strategies currently being
inhibition of MicroRNA activity by
oligonucleotides of
MicroRNA function using viral-vector based
expression (49).

and restoration

Created in BioRender.com bio

Figure 1: Anatomy of a heart with VSD
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With the advancement of surgical techniques,
the management and treatment of VSDs have
become more efficient, leading to improved
patient outcomes. Some of these surgical
techniques include open heart surgery,
transcatheter closure, patch closure, and
percutaneous closure as well as minimally
invasive surgery. However, the primary focus
for the more advanced surgical techniques is
minimally invasive surgery. These techniques
have several advantages including reduced
surgical time, smaller incisions, decreased
pain and scaring in comparison to traditional
open-heart surgery (52).

Open-heart surgery is the traditional surgical
technique typically used to treat VSDs. This
technique involves a full sternotomy, which
allows the surgeon to directly access the heart
and hence, repair the defect. Open heart
surgery is often reserved for patients with
larger or more complex VSDs, or for those
who are unable to undergo a percutaneous or
minimally invasive procedure. In terms of
patient outcomes, open heart surgery has
been shown to be highly effective in repairing
VSDs.

Minimally invasive surgery, such as
percutaneous closure and minimally invasive
cardiac surgery, is a safe and effective
surgical technique used to treat ventricular
septal defects (VSDs) without the need for a
full sternotomy or thoracotomy. This
technique utilizes catheter-based devices and
can be performed under local or general
anaesthesia. A study by Xu et. al. reported
that 94.9% of patients had VSDs that were
successfully occluded using the symmetric or
asymmetric occluder, with them being able to
insert an occluder within the VSD and open

it, to confirm the absence of residual shunt
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and tricuspid regurgitation, with a low rate of
re-operation and no mortalities (55). The rest
of the patients were converted into a VSD
Repair. It was shown that minimally invasive
procedures with VSD repair demonstrated
better short-term outcomes, in comparison to
open repair (56). In a study by Chen et. al.
comparing percutaneous device occlusion
with minimally invasive surgical repair, the
rate  for device
occlusion was 93%, while that for minimally
invasive surgery was 98.3%.
invasive surgery was shown also be cheaper
as compared to percutaneous device
occlusion, making it useful in low-income

SuccCess percutaneous

Minimally

countries (57). However, significantly more
residual shunts were observed within the
minimally invasive surgical approach. These
were typically resolved on their own, with
only 1 patient of 113 requiring reintervention.
Four other patients in the minimally invasive
surgery group needed reoperation due to
postoperative bleeding or a large residual
shunt. In the minimally invasive surgery
group, 4 patients developed major
complications, and 37 presented with minor
complications. The percutaneous occlusion
group consisted of 80 patients, 1 patient had a
major complication, while 27 patients had

minor complications (57). Major
complications in this case included
endocarditis, reoperations, death due to the
procedure, thromboembolism, complete

atrioventricular block requiring a pacemaker,
valvular regurgitation resulting from the
procedure requiring surgical intervention and

device embolization requiring surgical
removal. Minor complications included
wound  complications  which  required
interventions, groin hematoma, device

embolization, cardiac arrhythmia, new or
increased valvular regurgitation of 2 grades
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or less, haemodialysis requiring only
medication, pericardial or pleural effusion,
pneumothorax,  pneumopericardium  and

pneumoderma which required a chest tube or
aspiration.

Advances in imaging technology have greatly
improved surgical outcomes for patients with
VSDs. 3D echocardiography and magnetic
resonance imaging (MRI) have allowed for
better visualization of the heart prior to and
during surgery. This has resulted in improved
surgical planning and reduced the risk of
complications. The use of 3D visualised
operative  procedure  during  surgery
significantly decreased the median time on
the cardiopulmonary bypass surgery (CPB),
as well as a decreased rates of early mortality:
27.3% of patients experienced early mortality
within the conventional group, while none
experienced early mortality within the 3D

group (58).

The Nit-OccludO-Le” VSD coil device is a
recent advancement within the surgical
treatment of VSDs without the need for
traditional open-heart surgery. A study
published by Haas et. al. reported that the
device had been successfully implanted in
91.9% of patients, while it failed in 8.1% of
patients, with the reasons for failure being the
inability to advance delivery sheath through
patient and or defect being too large for the
device (59). Within the 91.9% of patients
with successful implantation, there was a
95% complete closure rate after 6 months,
with 1.8% of patients having
complications which included embolization
and a severe hemolysis. The study followed

Severe

patients for a median of 31.1 months and
found that the device was well-tolerated, with
minimal

complications and no reported
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deaths.
nature and high success rate makes it an
attractive option for patients who are seeking;
or need; a less invasive surgical option.
Additionally, the reduced need for
reoperation and the improved outcomes
observed in patients make the Nit-OccludO-
Le” VSD coil device a highly promising
development in the field of VSD surgery. It is
important to note that the studies cited here
are relatively small and more large-scale,
long-term studies are needed to fully evaluate
the safety and effectiveness of this device.
However, the results of these studies provide
strong initial evidence for the device's

The device's minimally invasive

efficacy in treating VSDs and suggest that it
may become a widely used surgical option in
the future (59).

Ebstein’s Anomaly

Ebstein's Anomaly is a relatively rare form of
congenital heart disease that is characterised
by a malformation of the tricuspid valve as
well as the right ventricle of the heart. The
primary function of the tricuspid valve is to
control the flow of blood from the right
atrium to the right ventricle. It is displaced
towards the apex of the right ventricle and
thus can be completely or partially
incorporated within the ventricular wall. As a
result, the effective area of the valve
decreases, resulting in regurgitation and
potentially elevated right atrial pressure. The
first presentation of Ebstein's Anomaly can
be detected during the prenatal period, due to
the onset of cyanosis caused by increased RV
end-diastolic pressure, with plasma volume
increasing by 30-50% during the third
trimester (60).

Although the precise causes of Ebstein's
Anomaly are not yet established, both
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environmental and genetic factors may
contribute to its manifestation. Genetic
mutations and chromosomal abnormalities
have been linked to the disease, but no
particular environmental risk factors have
been found (60). Ebstein's Anomaly is
thought to occur in 1 in 200000 live births
(61), completely
prevalence is unknown due to the disease's
variable severity and at times, its difficult

detection.

however, a accurate

In the past, surgical treatment for Ebstein's
Anomaly was quite limited including for
example, palliative procedures with a focus
on alleviating the symptoms of the disease,
such as relieving right atrial pressure or
reducing regurgitation. However, in recent
years, surgical repair of Ebstein's Anomaly
has become increasingly successful, and there
have been various advancements in surgical
techniques for treating the disease, improving
patient outcomes.

The success of surgical treatment for
Ebstein's Anomaly depends on
factors, some of which include the size as
well as the location of the tricuspid valve, the
degree of regurgitation, and the presence of
other associated cardiac defects. In general,
patients with mild to moderate Ebstein's
Anomaly who undergo surgical repair
typically  have  favourable long-term
outcomes, with low rates of regurgitation and
satisfactory functional outcomes. However,
patients with severe Ebstein's Anomaly may

several

require multiple surgeries and may have a
higher risk of long-term complications, such
as heart failure and arrhythmias.

The Cone Repair, which is a modification of
the Carpentier Repair, is used to correct

Review paper

tricuspid regurgitation (TR) in patients with
Ebstein’s anomaly. This the
detachment of the anterior and posterior
leaflets of the tricuspid valve, then dividing
any abnormal papillary muscles and tissue in
between the leaflets and the corresponding
right ventricular valve; thus,
attachments between the leaflet-free edges.
This allows for the delamination of the
leaflets, leaving only the normal attachment
of the anterior leaflet to the true tricuspid
annulus and the sub valvular apparatus in
place. The posterior leaflet-free edge is then,
rotated clockwise and sutured to the anterior
leaflet edge, forming a new tricuspid valve

involves

preserving

that resembles a ‘cone’. With this procedure,
several studies have shown no significant
tricuspid valve stenosis, as well as the
reduction of TR, reduction in the RV size, as
well as a lower mortality following repair.
However, some studies have also reported a
decline in the RV function in 32% of cases,
with some improvement post late-follow up
(60, 62)

Another recent advancement in the surgical
treatment of Ebstein's Anomaly is the
implantation of a bioprosthetic valve, which
is a mechanical valve, that is essentially
covered with tissue, hence mimicking the
natural valve. This procedure involves the
replacement of the tricuspid valve with a
bioprosthetic valve and is considered to be a
simpler and less technically challenging
surgical procedure in comparison to the
valve-sparing repair. The bioprosthetic valve
has been previously shown to have good
short-term outcomes, satisfactory durability
as well as low chronic anticoagulation
needs, but the long-term
outcomes of this procedure are still being
evaluated (63).

medication
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Aortic Coarctation

Aortic coarctation (CoA) is a structural defect
(as shown in Figure 2), that is characterized
by the narrowing of the aorta. Therefore, this
leads to increased blood pressure within the
upper extremities and a decrease within the
extremities. CoA is a relatively
common congenital heart defect, comprising
5-7% of all congenital heart diseases (64).
While the exact cause of aortic coarctation is
unknown, there are several environmental
and genetic aspects that have been shown to
contribute to the manifestation of CoA. These
include maternal smoking, as well as alcohol
consumption during pregnancy. Furthermore,

lower

CoA is more common in males than females
and is often associated with other heart
defects such as bicuspid aortic valve, VSD, or
patent ductus arteriosus (64).While some
patients with CoA are asymptomatic, the
majority tend to experience symptoms such
as shortness of breath, atypical chest pain,
If CoA is left
untreated, patients may not survive after the

and exertional headaches.
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fifth decade of life due to hypertensive
complications. Hence, surgical intervention is
necessary.

The primary treatment for the correction of
CoA is a surgical repair. Primary surgical
techniques include direct repair,
anatomic  bypass, hybrid procedures,
aortoplasty, reverse artery perforator graft
(RAPG) and endovascular stenting.

extra-

Direct repair can be performed both with or
without a cardiopulmonary bypass (CPB).
This surgical technique entails the removal of
the narrowed section of the aorta and then
connecting the two healthy ends. Total CPB,
in conjunction with hypothermic circulatory
arrest (HCA) has been utilised to reduce the
risk of neurological damage post procedures.
A recent study showed that direct repair with
a total CPB and HCA resulted in excellent
outcomes, with no in-hospital deaths, as well
as no evidence of recurrent coarctation during
the follow-up period (65).

defect:narrowing of aorta

Created in BioRender.com bio

Figure 2: Anatomy of a heart with Aortic Coarctation
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Another advancement in the treatment of
CoA is an extra-anatomic bypass, which
essentially bypasses the narrowed sections of
the aorta by creating a bypass between the
healthy sections of the aorta. This procedure
can be performed through either the chest or
the abdomen. Extra-anatomic bypass was
associated with a low mortality rate, as well
as a low rate of reoperation in patients.
However, it is associated with a risk of
bypass graft thrombosis and is not suitable
for patients with aneurysm (66, 67).

Endovascular stenting has lower morbidity
and mortality rates than open surgery, making
it a viable option for certain patients who do
not have an aneurysm. Balloon angioplasty,
another endovascular technique, which uses a
balloon to widen the narrowed portion of the
aorta, is another option for endovascular
repair. Despite the high initial success rate,
complications such as restenosis and
aneurysm formation occured in 15% and 5-
35% of patients, respectively (67).
Endovascular repair  using balloon
angioplasty and stenting can also result in
procedural complications such as stent
migration and restenosis. However, in cases
of focal dissection or short aneurysm,
covered stents demonstrated comparable
complication and reintervention rates as bare
metal stents. Despite the risks of
endovascular stenting, the procedure has been
shown to reduce the rate of restenosis to less
than 10%, which is comparable to the rate
observed with open surgery. In a single-
centre study, aortic reintervention for
restenosis was observed in 12% of stenting
patients and 5% of open-surgery patients
(67). Overall, endovascular stenting is a
promising alternative to open surgery for
patients who do not have an aneurysm, but
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careful patient selection and follow-up
monitoring are required to manage potential

complications (67).

Conclusion and Analysis

With advancements technology, the
surgical treatment of CHD has resulted in
improved patient outcomes. For example, the
studies on the VSD surgical treatment have
shown that minimally invasive surgery is the
optimum choice as it reduces patient recovery
time, for smaller incisions and
decreased pain. Additionally, the surgical
treatment of VSD has been shown to benefit
from imaging technology, giving surgeons a

in

allows

better understanding of the defect structure.
Therefore, these imaging devices should be
utilized more, and need to become more
affordable and accessible to enhance patient
outcomes.

Despite all of these improvements, there is
still a need to find better treatment options, as
patients still face numerous complications
post-surgery. There is still a gap in the
literature about the etiology of CHD with
only 15% of CHD cases being traced to
primary sources (1). Therefore, identifying
the primary cause of CHD will lead to more
personalised treatment options for patients.
Additionally, multiple studies described in
this article represent single center analyses,
which could be further improved by
expanding the patient population (22). For
example, when comparing late and early
surgical repair in truncus arteriosus, the data
originated from a single center examining the
outcomes in 64 patients (38). Birth weight
and gestational time were not recorded in the
study, which may have an effect on patient
outcomes and need for reinterventions. In
another study describing truncus arteriosus,
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there were only 20 patients with the median
follow-up time of only 8 months (40). Such
short follow-up time does not allow for an
accurate estimate or understanding of the
long-term effects of surgical repair on truncus
arteriosus. Given the paucity of funding or
coordination, even single center analysis
results can be pooled together if data
sampling and recording procedures were to
be standardized across multiple centers. Thus,
there is a need for data standardization across
single center trials and/or multicentre large
studies with sufficient follow-up time to
evaluate long-term outcomes in patients with
CHD. Moreover, with greater number of
CHD patients surviving to adult age, it is
important to further investigate the need for
CHD management and interventions in the
adult population.

Congenital heart defects, such as aortic
coarctation, tetralogy of Fallot, ventricular
septal defect, truncus arteriosus, and Ebstein's
anomaly, are significant malformations that
require a multidisciplinary approach for
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	Abstract
	Congenital Heart Disease (CHD) is the most common congenital disorder in new-borns. This literature review aims to discuss several forms of CHD, including truncus arteriosus, tetralogy of Fallot, Ebstein’s Anomaly, ventricular septal defect and aortic coarctation, with a specific focus upon the recent advancements in the treatment of CHD, especially surgical advancements. Although several of these novel treatment options have improved patient outcomes, the complication rates still remain high and emphasis should be placed upon further research to be conducted enabling the development of better treatment strategies for CHD patients. There is a need for data standardization across single center trials and/or multicenter large studies with sufficient follow-up time to evaluate long-term outcomes in patients with CHD. Among others, this review includes the description of the following treatment options: endovascular techniques, complete surgical repair, and hybrid techniques.
	Introduction
	Congenital Heart Disease 
	Congenital heart disease (CHD) comprises structural defects of the heart and/or blood vessels, which affects approximately 0.8-1.2% of livebirths worldwide (1). It is the most common congenital disorder in new-borns, and it may negatively impact the heart function and circulation (1, 2). Over the last few decades, the surgical repair and treatment of CHD have made significant progress due to advancements in technology, which has resulted in improved patient outcomes, reduced morbidities as well as decreased mortality, with more than 90% of children with CHD surviving into adulthood due to advancements in disease recognition and improved medical and surgical management, (3) with the survival of paediatric patients with CHD over the past few decades significantly increasing (4, 5). Due to advancements in perioperative care, the rate of brain injury in CHD has been significantly reduced. In a study where 270 term new-borns with complex CHD were enrolled in pre- and post-operative MRIs between 2001 and 2021, it was found that while the preoperative rates did not change, the postoperative rates for white matter injury (WMI) declined by 18.7% (6). These aspects are further explored throughout this literature review.
	Congenital Heart Disease 
	Truncus Arteriosus  
	Tetralogy of Fallot
	Tetralogy of Fallot (TOF) is a form of congenital heart disease (CHD) that involves four structural anomalies, including a ventricular septal defect (VSD), an overriding aorta, pulmonic stenosis, and right ventricular hypertrophy. It is the most common cause of cyanotic CHD, with an estimated prevalence of 7-10% with congenital heart disease (43). The structural defects present in TOF lead to the mixing of systemic and pulmonary blood, which results in decreased oxygenation of the body and a characteristic blue discolouration of the skin and mucous membranes (cyanosis).
	Ventricular Septal Defect
	Ventricular septal defect (VSD) is one of the most common congenital heart diseases occurring in infants and children. It represents 20% of all congenital heart defects, which makes it a major public health issue (52). It is primarily characterized by a hole in the septum, which separates the two ventricles of the heart, resulting in blood flowing from the left ventricle to the right ventricle, bypassing the lungs, as shown in Figure 1. This causes an increased workload on the heart and lungs, which leads to an increased risk of heart failure as well as respiratory complications.
	Several MicroRNAs have been shown to lead to the development of VSDs, some include miR-1, miR-195 among others (53, 54). The results from the studies on the role of Micro-RNAs in the development of CHDs indicate that their therapeutic regulation may improve clinical outcomes post-surgical intervention, two of the major strategies currently being inhibition of MicroRNA activity by oligonucleotides and restoration of MicroRNA function using viral-vector based expression (49).
	Ebstein’s Anomaly
	Ebstein's Anomaly is a relatively rare form of congenital heart disease that is characterised by a malformation of the tricuspid valve as well as the right ventricle of the heart. The primary function of the tricuspid valve is to control the flow of blood from the right atrium to the right ventricle. It is displaced towards the apex of the right ventricle and thus can be completely or partially incorporated within the ventricular wall. As a result, the effective area of the valve decreases, resulting in regurgitation and potentially elevated right atrial pressure. The first presentation of Ebstein's Anomaly can be detected during the prenatal period, due to the onset of cyanosis caused by increased RV end-diastolic pressure, with plasma volume increasing by 30-50% during the third trimester (60).

	Conclusion and Analysis
	With advancements in technology, the surgical treatment of CHD has resulted in improved patient outcomes. For example, the studies on the VSD surgical treatment have shown that minimally invasive surgery is the optimum choice as it reduces patient recovery time, allows for smaller incisions and decreased pain. Additionally, the surgical treatment of VSD has been shown to benefit from imaging technology, giving surgeons a better understanding of the defect structure. Therefore, these imaging devices should be utilized more, and need to become more affordable and accessible to enhance patient outcomes.
	Despite all of these improvements, there is still a need to find better treatment options, as patients still face numerous complications post-surgery. There is still a gap in the literature about the etiology of CHD with only 15% of CHD cases being traced to primary sources (1). Therefore, identifying the primary cause of CHD will lead to more personalised treatment options for patients. Additionally, multiple studies described in this article represent single center analyses, which could be further improved by expanding the patient population (22). For example, when comparing late and early surgical repair in truncus arteriosus, the data originated from a single center examining the outcomes in 64 patients (38). Birth weight and gestational time were not recorded in the study, which may have an effect on patient outcomes and need for reinterventions. In another study describing truncus arteriosus, there were only 20 patients with the median follow-up time of only 8 months (40). Such short follow-up time does not allow for an accurate estimate or understanding of the long-term effects of surgical repair on truncus arteriosus. Given the paucity of funding or coordination, even single center analysis results can be pooled together if data sampling and recording procedures were to be standardized across multiple centers. Thus, there is a need for data standardization across single center trials and/or multicentre large studies with sufficient follow-up time to evaluate long-term outcomes in patients with CHD. Moreover, with greater number of CHD patients surviving to adult age, it is important to further investigate the need for CHD management and interventions in the adult population.
	Congenital heart defects, such as aortic coarctation, tetralogy of Fallot, ventricular septal defect, truncus arteriosus, and Ebstein's anomaly, are significant malformations that require a multidisciplinary approach for optimal patient care. Recent advancements in surgical techniques, such as open-heart surgery, minimally invasive surgery, hybrid procedures, and catheter-based procedures, have improved patient outcomes and reduced complications. However, careful patient selection and follow-up monitoring are necessary to manage potential complications. Regular monitoring and examination of patients with CHD are vital to detect complications timely and ensure optimal heart function. Continued research and innovation in this field are needed to improve outcomes and success rates of surgical repair for these congenital heart defects. Additionally, the integration of three-dimensional printing and imaging technology in surgical planning has shown promise in improving accuracy, precision, and in reducing complication and re-intervention rates. While the mortality rate has decreased over time, further improvements are needed to increase long-term survival rates and decrease complications associated with surgical procedures.

