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Abstract. Congenital heart defects (CHD) affect approximately
7% of infants, and account for 3% of all infant deaths. CHD is
most often caused by the defects associated with ductus arte-
riosus, which is a vessel that usually closes shortly after birth.
The types of CHD include tetralogy of fallot, hypoplastic left
heart syndrome, pulmonary atresia, total anomalous pulmo-
nary venous return, transposition of great arteries, tricuspid
atresia and truncus arteriosus. There are some risk factors that
can increase the chance of a fetus developing CHD such as
prematurity, an existing CHD in a first-degree relative, genetic
syndromes, infections in utero, maternal drug consumptions
and disorders. CHD is diagnosed is through different techniques
including pulse oximetry, echocardiograms and physical exams.
In this review, we examined the current incidence of CHD, the
risk factors associated with CHD, the current methods of diag-
nosis and surgical options used to repair the defects.
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1. Epidemiology

The incidence of congenital heart disease ranges from 7 to 8 per
1,000 infants. These defects are diagnosed through different
techniques such as fetal echocardiography and postnatal
referral to a specialized center. Forty-six percent of deaths due
to congenital malformations are due to congenital heart defects
(CHD), which also accounts for 3% of all infant deaths. CHD is
the primary cause of prenatal and infant death from a congen-
ital birth defect. Eighteen to 25% of infants with CHD succumb
in the first year. Four percent of infants with congenital heart
defects succumb by the end of adolescence (1,2).

There are different types of CHD, the most common of
which is a bicuspid aortic valve (BAV). The incidence of BAV
is between 0.5 and 2%, however, it is rarely diagnosed when the
child is an infant. Some of the other common defects include
ventricular septal defects (VSDs), with an incidence of 4/1,000
and secundum atrial septal defects (ASDs) with an incidence
of 2/1,000 births. Tetralogy of fallot is another common CHD,
with an incidence of 0.5/1,000 births (1,3).

When CHD requires surgery or catheter-based interven-
tion in the first year of an infant's life, it is termed critical
CHD (CCHD). CCHD includes ductal-dependent and cyanotic
lesions. In children with critical CHD, there is an increase
in morbidity and mortality when the infant is not diagnosed
within a particular period of time. CCHD constitutes 25% of
all CHD 4).

2. Pathology

The ductus arteriosus is a blood vessel that connects the aorta
and the pulmonary arteries during gestation (5). The fetal
blood circulation is dependent on this blood vessel, which
normally closes shortly after birth. CHD issues are usually
dependent on this vessel. Symptoms may not appear at birth
due to the fact that the vessel may not be closed before the
patient is discharged. Notably, in some cases doctors attempt
to keep the ductus arteriosus open in order that children with
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CHD can maintain oxygen levels until surgeons are able to
repair the issue. An example of such a case is if the CHD
decreased blood flow to the lungs. CCHD involves surgery
or catheter intervention in the first year of life. These heart
defects, which are structural, lead to abnormal low blood
levels of oxygen. When there are low blood oxygen levels, the
condition is known as hypoxemia. Screening for these issues is
carried out between 24 and 48 h post-birth. If these conditions
are diagnosed any later, the infant with CCHD is at consider-
able risk for death (6,7).

3. Risk factors

Numerous factors, such as rubella infection at the time of preg-
nancy, maternal diabetes, use of alcohol and smoking, as well as
certain medications are associated with an increase in the risk
of CHD in infants (7). When these factors are present, a doctor
should be cautious and attentive to the infant. Prematurity is
a significant risk factor for all CHD, except isolated ductus
arteriosus. The risk of CHD is 2- to 3-fold higher in infants
born at <37 weeks gestation when compared to infants born
at 9 months. Family history is another risk factor for CHD.
Infants with first-degree relatives with CHD are three times
more likely to develop CHD. Genetic syndromes are common
in infants with CHD. In one study, it was found that 7% of
infants with CHD also had chromosomal defects. In addition,
22% of patients with CHD had extracardiac anomalies (8).
Another risk factor for CHD is when the mother has certain
diseases. These diseases include diabetes mellitus, hyper-
tension, obesity, phenylketonuria, thyroid issues, epilepsy
and connective tissue disorders. Furthermore, consumption
of drugs by the mother during the gestation period such as
phenytoin, retinoic acid, cigarettes and alcohol, it can lead
to cardiac defects. Using assisted reproductive technology
(ART) is another risk factor for CHD. Infections in utero, such
as rubella, can also lead to congenital defects. If the mother,
when pregnant, is infected with influenza or another flu-type
disease, this is also associated with CHD. Viruses such as
cytomegalovirus, coxsackie, herpes virus 6, toxoplasmosis
gondii, parvovirus B19 and HIV may also lead to congenital
cardiomyopathy (9-11).

4. Diagnosis

Most of the time clinicians, using fetal echocardiography, are
able to diagnose CHD in utero. Risk factors need to be identi-
fied promptly in order that a referral can be made for fetal
echocardiography, which is a routine antenatal ultrasound.
This method includes examination of the fetal heart with a
four-chamber view. However, studies in the last decade have
indicated that <50% of patients with CCHD are identified
in utero. There are seven main CCHD screening targets.
These targets are hypoplastic left heart syndrome, pulmonary
atresia, tetralogy of fallot, total anomalous pulmonary venous
return (TAPVR), transposition of great arteries, tricuspid
atresia and truncus arteriosus. Tetralogy of fallot, double
outlet right ventricle and transposition of the great arteries
are particular difficult to identify. As research and screening
recommendations have improved over the past decade, VCHD
diagnoses in gestation have improved from 44 to 67% (12,13).
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A study (14) found that 33% of infants with critical CHD
were diagnosed post-birth. These infants often have very
serious issues, such as tetralogy of fallot, hypoplastic left heart
syndrome, pulmonary atresia, total anomalous pulmonary
venous return, transposition of great arteries, tricuspid atresia
and truncus arteriosus, which can be life threatening and may
need immediate intervention. Infants with CCHD may present
no problems at birth and may not develop problems until they
have been discharged from the hospital. The severity of the
underlying lesions may determine when an infant with CCHD
presents symptoms. Some of the CCHD reported later than
normal are interrupted aortic arch, coarctation of the aorta,
transposition of the great arteries, pulmonary valve stenosis,
tetralogy of fallot and aortic stenosis. Some infants with
CCHD can be diagnosed through a procedure known as pulse
oximetry screening. Prior to the introduction of pulse oximetry
screening, a third of patients with infants with CCHD were
discharged without a diagnosis. In an infant with CCHD that
is not diagnosed, the mortality risk is almost 30%. This consti-
tuted a risk to infants with ductal-dependent lesions, which
can rapidly progress to a life-threatening state such as severe
metabolic acidosis, cardiac arrest and cardiac shock (15,16).

5. The CHD model: screens and costs

Itis predicted thatin a population of 100,000 infants, 121 infants
are likely to have CHD that was not diagnosed at prenatal
screening (17). Post-birth, 82% of the CHD are detected by
pulse oximetry screening and 83% are diagnosed by an echo-
cardiography. However, only 39% of CHD are detected by
clinical examination. Only 0.13% of infants with pulse oxim-
etry are also diagnosed false-positive following screening
for CHD. In addition, 5.4% of infants have a false-positive
diagnosis when screened for CHD by echocardiography.
While these procedures are necessary for the timely diagnosis
of CHD in infants, these procedures are expensive. Clinical
examinations cost $450,000, pulse oximetry costs $700,000
and echocardiography costs $5.35 million per year. The detec-
tion rates of pulse oximetry and echocardiography are the key
characteristics that determine whether these procedures are
cost-effective (18,19).

6. Pulse oximetry screen

A pulse oximetry screen is performed on an infant within
the first 24 h of life, and can easily and quickly determine
whether an infant has CCHD. This procedure was developed
in the early 1970s, and is dependent on the different absorption
spectrum that exists between oxygenated and deoxygenated
hemoglobin. Deoxygenated blood absorbs light in the red
wavelength while oxygenated blood absorbs light in the
infrared band. These light absorbance ratios correlate with
the degree of saturation of hemoglobin in the blood vessels. A
positive pulse oximetry screen is when the measured oxygen
saturation is less than 90% and there is no need to repeat the
test. If the blood saturations is <95% or if there is a difference
in blood oxygen level of 4% between the right hand and foot,
the test should be repeated. Pulse oximetry screening does not
identify all CCHD. Therefore, it is possible for an infant with
a negative pulse oximetry screening to have CCHD (19-21).
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7. Fetal echocardiogram

A fetal echocardiogram is an ultrasound of the baby's heart
during gestation. A transducer, which is a small camera, is
placed on the abdomen of the mother and ultrasonic sound
waves allow the fetus to be imaged. These ultrasound waves
bounce off organs, such as the heart and are transmitted to
the camera and allow a video of the fetus. These waves also
allow for the blood flow to the fetus's heart to be detected.
Fetal echocardiograms are carried out particularly for fetuses
that are more prone to develop CCHD. This includes risk
factors such diagnosis of a first-degree relative with CHD or if
there is a family history of disorders such Marfan's syndrome.
Echocardiograms are also performed post-birth if an infant is
tested positive for the pulse oximetry screen, which is used to
confirm the diagnosis (19,22,23).

8. Clinical examination

A physical clinical examination is performed by a child's
doctor when a heart condition is suspected. This involves a
head-to-toe assessment. The doctor initially examines the
head checking the anterior fontanelle, which is also known as
the soft spot on the top of an infant's head. The anterior fonta-
nelle is usually flat, soft and level with the rest of the head. The
nostrils are also examined as many CHD can stress the lungs,
which lead to difficulty in breathing. The degree of difficulty
when it comes to breathing can be determined by observing
whether the nostrils flare when the child breathes. Nostrils tend
to open wider when the lungs are working harder than normal.
Lip color is another characteristic used to determine whether a
child has CHD (23). While normally the inside of the lips are
pink, a blue or a purple color mean that the blood oxygen levels
are low, generally between 80 and 87%. As low blood oxygen
levels indicate CHD, lip color is a useful manner in which to
determine the presence of a defect in an infant. The doctor also
examines the neck. If the veins and arteries are visible in the
neck, the heart may not be pumping efficiently.

Using a stethoscope, the doctor also listens to the heart and
lungs of the infant. One of the most telling signs for an infant
with CHD is retraction, which is an inward pulling of the lung
muscles. Additionally, any abnormal sounds may indicate
murmurs, clicks and beats. Abnormal sounds may also be
present in the lungs, as fluid can accumulate and cause crackle-
type noises or congestion sounds. The heart and breathing
rates are counted as a difference in either is indicative the
presence of CHD. Examination of the abdomen is important
as many CHD cause problems with water homeostasis and
cause swelling in organs such as the liver. An enlarged liver
is indicative of CHD. The arms and legs, as well as the area
around the groin, behind the knee or surface of the foot are
examined for a pulse. A weak and a strong pulse may indicate
heart problems. Cool skin temperature, as well as extremely
blue or purple or widened nails are other symptoms that are
considered (24,25).

9. CHD surgery: patent ductus arteriosus (PDA) ligation

When the PDA does not close in infants, it can cause problems
later in life. The opening may be closed using medication,
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although administering drugs is not always effective. The
opening may also be closed using a non-surgical procedure,
involving the use of X-rays. In the surgical procedure, a small
incision is made in the groin and a wire is inserted into an artery
in the leg and taken up to the heart. A device, which is sometimes
a small metal coil, is then passed from the wire to the infant's
PDA. This device blocks the blood flow and repairs the damage.
Another surgical method to repair PDA is by making a small
incision on the left side of the chest. Then, the doctor either ties
or clips the ductus arteriosus, known as ligation (25,26).

10. CHD surgery: coarctation of the aorta repair

One of the congenital heart defects occurs when a part of the
aorta has an extremely narrow section and resembles a bow.
The narrowing makes it hard for the blood to be pumped to
the extremities, which can eventually lead to extremely high
BP (27). This is repaired surgically by making an incision on
the left side of the chest, cutting the narrow section and making
it larger with a patch of Gore-tex. Another technique that can
be employed involves the removal of the narrow section of the
aorta and stitching the ends together, a method used in older
children (28). Another method involves the subclavian flap, in
which an incision is made in the narrow sectino. Subsequently,
a section is taken from the subclavian artery and placed therein
to enlarge the aorta. Connecting the enlarged sections of the
aorta, which bypasses the narrow part of the aorta may also be
utilized. A non-surgical method has also recently been used
whereby a wire is taken up to the aorta through the groin. A
stent is placed to open the artery, similar to the ones that are
used for atherosclerosis (29,30).

11. CHD surgery: atrial and VSD repair

In some CHD, there is a hole in the atrial septum wall, which
is located between the left and right atria of the heart. This
hole leads to the mixing of oxygenated and deoxygenated
blood, which leads to medical issues and arrhythmias. In some
cases, ASD can be closed without open-heart surgery. In this
procedure, a wire is inserted into the groin and into the blood
vessel that leads to the heart. Two small devices are placed
on the right and left side of the septum, which closes the hole.
More commonly, open-heart surgery is used to repair ASD. In
this case, stitching the hole together or covering it with a patch
repairs the septum (31,32).

Another similar CHD is a VSD, which is a hole between
the left and right ventricle of the heart. This hole, once again,
allows the mixing of the oxygenated and deoxygenated blood,
which eventually leads to heart problems. In most cases, the
VSDs close by age 1. The ones that do not close require repair.
Open-heart surgery is performed when a child has a large
VSD, a small one in a certain part of the ventricular septum,
or a hole that may cause heart failure or inflammation (33,34).

12. CHD surgery: tetralogy of fallot repair

Tetralogy of fallot refers to a heart defect that involves four
defects and leads to cyanosis (35). The infant with this type
of CHD requires open-heart surgery that can be performed
between the age of 6 months and 2 years. A shunt procedure


https://www.spandidos-publications.com/10.3892/etm.2016.3167
https://www.spandidos-publications.com/10.3892/etm.2016.3167

ZENG et al: DIAGNOSIS AND TREATMENTS FOR CONGENITAL HEART DEFECTS

may also be performed, which is useful in keeping oxygenated
and deoxygenated blood separate. This is carried out when the
child is unable to undergo open-heart surgery as placing a shunt
occurs prior to performing open-heart surgery. The first defect
that is repaired is the VSD, using a patch. Subsequently, the
pulmonary valve is opened and the thickened muscle removed.
In addition, a patch is placed on the right ventricle and the
pulmonary artery improves blood flow to the lungs (36,37).

13. CHD surgery: transposition of the great vessels repair

Transposition of the great vessels, another CHD, occurs when
instead of the aorta being located on the left side and the
pulmonary artery on the right side, the sides for the two are
switched (38). Since this needs to be resolved immediately, the
open-heart surgery required is performed shortly after birth.
Repair takes the form of an arterial switch, which involves the
aorta and pulmonary artery being divided. The pulmonary
artery and aorta are then connected to the ventricles to which
they belong (39).

14. CHD surgery: truncus arteriosus and tricuspid atresia
repair

In truncus arteriosus, the aorta, coronary arteries and pulmo-
nary artery emerge from a common trunk. Thus, repair of the
truncus arteriosus can be simple or complex; however, each
case requires open-heart surgery performed in the first few
days of life. The arteries are separated from the aortic trunk
and defects are subsequently repaired. This procedure may be
accompanied with a VSD as well. A connection is then made
between right ventricle and pulmonary arteries. Tricuspid
atresia occurs when the tricuspid valve is deformed, narrow
or absent. The symptoms of tricuspid atresia include newborns
being blue, as they cannot get the blood to the lungs. This
severely restricts blood flow to the lungs, causing an inability
for the blood to gain oxygen. Initially, the infant may be given
shunts to correct the defect and allow the blood to reach the
lungs. However, the surgeon may have to repair or replace the
tricuspid valve (40.41).

15. CHD surgery: TAPVR correction and hypoplastic left
heart repair

Total anomalous pulmonary venous return (TAPVR) is a
misconnection (42). Instead of the pulmonary veins bringing
oxygenated blood to the left side of the heart, it is taken to
the right side of the heart. This condition is repaired with
open-heart surgery, which is carried out shortly after birth in
extreme conditions up to a maximum of six months of age.
The pulmonary veins are re-routed to the left side and any
abnormal connections are closed (43).

When the left side of the heart is poorly developed, this
leads to a severe heart defect, which if left untreated, leads
to death. The hypoplastic left heart requires hypoplastic left
heart repair (44). Infants with hypoplastic left hearts require
a series of three heart operations. The first one is a compli-
cated surgery performed in the first week of the baby's life
when one blood vessel, which carries blood to lungs and the
rest of the body, is created from pulmonary artery and aorta.
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The following operation is performed when the baby is aged
4-6 months and the third operation is performed a year later,
i.e., three surgeries are required to correct the problem (45).

16. Conclusion

Critical congenital heart defects, when undiagnosed constitute
a risk factor and have a 30% mortality rate if left untreated.
Techniques for diagnosis including pulse oximetry, echocar-
diogram and physical examinations have really improved the
detection rates for CHD and CCHD. Surgical procedures such
as PDA ligation, coarctation of the aorta repair, ASD repair,
VSD repair, tetralogy of fallot repair, transposition of the
great vessels repair, truncus arteriosus repair, tricuspid atresia
repair, TAPVR correction and hypoplastic left heart repair
are performed to repair CHD, and have greatly improved the
survival rate for infants born with CHD. New screening and
new non-surgical methods are to be investigated to treat this
condition as not all infants are in a position to undergo inten-
sive surgery immediately following birth.
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