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The normal structure of the heart (left) in comgpami to two common locations
for aventricular septal defect (right), the mostmoeon form of congenital heart
defect. The defect allows oxygen-rich blood frora téft ventricle to mix with oxygen-

poor blood in the right ventricle.

Congenital heart defect (CHD) or congenital hearbnaaly is a defect in the
structure of the heart and great vessels whichresgmt at birth. Many types of heart
defects exist, most of which either obstruct bldoav in the heart or vessels near it, or
cause blood to flow through the heart in an abnbpatern. Other defects, such as long
QT syndrome, affect the heart's rhythm. Heart defate among the most common birth
defectsand are the leading cause of birth deféateck deaths. Approximately 9 people
in 1000 are born with a congenital heart defectydefects don't need treatment, but

some complex congenital heart defects require ragditor surgery.

Signs and symptoms are related to the type andisewd the heart defect.
Symptoms frequently present early in life, but pessible for some CHDs to go
undetected throughout life. Some children have gmsswhile others may exhibit
shortness of breath, cyanosis, syncope, heart nmuromaer-developing of limbs and
muscles, poor feeding or growth, or respiratoryeatibns. Congenital heart defects
cause abnormal heart structure resulting in progiliadf certain sounds called heart



murmur. These can sometimes be detected by ausmojtdnowever, not all heart
murmurs are caused by congenital heart defects.

Associated symptoms

Congenital heart defects are associated with areased incidence of some
other symptoms, together being called the VACTER$oaiation:

- V — Vertebral anomalies

- A— Anal atresia

- C — Cardiovascular anomalies

- T — Tracheoesophageal fistula

- E — Esophageal atresia

- R — Renal (Kidney) and/or radial anomalies
- L — Limb defects

Ventricular septal defect (VSD), atrial septal d¢fe and tetralogy of Fallot are
the most common congenital heart defects seenanViRCTERL association. Less

common defects in the association are truncusasies| and transposition of the great
arteries.

Low Oxygen saturation within the blood supply issamptom many times
present from birth. Many States as of now (2013)ehaeen making into new law that
hospitals must check a newborns oxygen level wittoa-invasive simple test called
Pulse Oximetry Screening. This simple test can saary newborns lives since it will

detect low oxygen levels familiar with many newl®inorn with CHD (Congenital
Heart Defect).

Genetics

Most of the known causes of congenital heart desem® sporadic genetic
changes, either focal mutations or deletion or tewdi of segments of
DNA. Large chromosomal abnormalities such as triseril, 13, and 18 cause about 5—



8% of cases of CHD,with trisomy 21 being the mosbmmon genetic
cause. Small chromosomal abnormalities also frefyuelead to congenital heart
disease, and examples include microdeletion of #kweg arm of chromosome
22 (22911, DiGeorge syndrome), the long arm of mlmsome 1 (1g21), the short arm
of chromosome 8 (8p23) and many other, less recuregions of the genome, as shown
by high resolution genome-wide screening (Array parative genomic
hybridization). A database of genes involved ingamital heart defects is available as

the collaborative knowledge base CDHWiki.

The genes regulating the complex developmentalesemuhave only been partly
elucidated. Some genes are associated with speafects. A number of genes have
been associated with cardiac manifestations. Mariatiof a heart muscle proteie
myosin heavy chain (MYH6) are associated with hseptal defects. Several proteins
that interact with MYH6 are also associated withid@c defects. The transcription
factor GATA4 forms a complex with the TBX5 whichténacts with MYH6. Another
factor, the homeobox (developmental) gene, NKX2sb ainteracts with MYH®6.
Mutations of all these proteins are associated Wwith atrial and ventricular septal
defects; In addition, NKX2-5 is associated withets$ in the electrical conduction of
the heart and TBX5 is related to the Holt-Oram sgnte which includes electrical
conduction defects and abnormalities of the upipen.| Another T-box gene, TBX1, is
involved in velo-cardio-facial syndromeDiGeorge dgame, the most common deletion
which has extensive symptoms including defects loé ftardiac outflow tract

including tetralogy of Fallot

MYHG GATA4 NKX2-5 TBX5 TBX1

Locus 14911.2-q13 |8p23.1-p225q34  |12924.1 |22q11.2
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The notch signaling pathway, a regulatory mechanfemcell growth and
differentiation, plays broad roles in several aspenf cardiac development. Notch
elements are involved in determination of the righd left sides of the body plan, so the
directional folding of the heart tube can be impdctNotch signaling is involved early
in the formation of the endocardial cushions andticoes to be active as the develop
into the septa and valves. It is also involvedhe tlevelopment of the ventricular wall
and the connection of the outflow tract to the gnesssels. Mutations in the gene for

one of the notch liganddaggedl, are identified in the majority of examined casés



arteriohepatic dysplasia (Alagille syndrome), chteazed by defects of the great
vessels (pulmonary artery stenosis), heart (tgyalf Fallotin 13% of cases), liver,
eyes, face, and bones. Though less than 1% o&sdls; where no defects are found in
theJaggedl gene, defects are foundNoich2 gene. In 10% of cases, no mutation is
found in either gene. For another member of thegdéamily, mutations in
theNotchl gene are associated with bicuspid aortic valveal@e with two leaflets
instead of threeNotchl is also associated with calcification of the aovialve, the third

most common cause of heart disease in adults.

Mutation of a cell regulatory mechanism, the RasPKApathway are
responsible for a variety of syndromes, includingpNan syndrome, LEOPARD
syndrome, Costello syndrome andcardiofaciocutanesyrsdrome in  which there is
cardiac involvement. While the conditions liste@& &nown genetic causes, there are
likely many other genes which are more subtles known that the risk for congenital

heart defects is higher when there is a closeivelatith one
Environmental

Known antenatal environmental factors include
maternal infections (Rubella), drugs (alcohol, hytdan, lithium and thalidomide) and

maternal illness (diabetes mellitus, phenylketanuaindsystemic lupus erythematosus).
Maternal obesity

As noted in several studies following similar boahass index (BMI) ranges,
prepregnant and gestating women, who were obesd {BB0D), carried a statistically
significant risk of birthing children with congealtheart defects (CHD) compared to
normal-weight women (BMI= 19-24.9).Although therere aminor conflicting
reports, there was significant support for the risk fetal CHD development in
overweight mothers (BMI= 25-29.9).Additionally, asaternal obesity increased, the
risk of heart defects did too indicating a trentWe=n BMI and CHD odds.Altogether,



these results present reasonable concern for wamechieve a normal-weight BMI
prior to pregnancy to help decrease risk for fe&drt defects.

A distinct physiological mechanism has not beemtified to explain the link
between maternal obesity and CHD, but both pregpnegy folate deficiency and
diabetes have been implicated in some studiestifidation of the mechanism could
aid health officials to develop reduction strategand curb CHD’s prevalence in this

preventable situation.
Embriology

There is a complex sequence of events that resaltwell formed heart at birth
and disruption of any portion may result in a defébe orderly timing of cell growth,
cell migration, and programmed cell death ("apadptdshas been studied extensively
and the genes that control the process are beingidated. Around day 15 of
development, the cells that will become the hesasten two horseshoe shaped bands of
the middle tissue layer (mesoderm), and some adligate from portion of the outer
layer (ectoderm), the neural crestwhich is therg®wf a variety of cells found
throughout the body. On day 19 of development, @ pfvascular elements, the
"endocardial tubes", form. The tubes fuse whersd®tween then undergo programmed
death and cells from the first heart field migraiethe tube, and form a ring of heart
cells (myocytes) around it by day 21. On day 28,hbart begins to beat and by day 24,

blood is circulating.

At day 22, the circulatory system is bilaterallyrspetrical with paired vessels
on each side and the heart consisting of a singble located in the midline of the body
layout. The portion that will become the atria antl be located closest to the head are
the most distant from the head. From days 23 thr@8j the heart tube folds and twists,
with the future ventricles moving left of centehdtultimate location of the heart) and

the atria moving towards the head



On day 28, areas of tissue in the heart tube degaxpand inwards; after about
two weeks, these expansions, the membranous "septumum" and the muscular
"endocardial cushions", fuse to form the four hetwmbers of the heart. A failure to
fuse properly will result in a defect that may allblood to leak between chambers.
After this happens, cells which have migrated frma neural crest begin to divide
the bulbuscordis, the main outflow tract is dividedtwo by the growth a spiraling
septum, becoming the great vessels—the ascendiguese of the aorta and the
pulmonary trunk. If the separation is incompletdée tresult is a "persistent
truncusarteriosis". The vessels may be reversednéposition of the great vessels").
The two halves of the split tract must migrate imb@ correct positions over the
appropriate ventricles. A failure may result in obtood flowing into the wrong vessel
(e.g.overriding aorta). The four chambered heart andgieat vessels have features
required for fetal growth. The lungs are unexpanded cannot accommodate the full
circulatory volume. Two structures exist to shuloioll flow away from the lungs. Cells
in part of the septum primum die creating a holdalevimuscle cells, the "septum
secundum", grow along the right atrial side thetw®pprimum, except for one region,
leaving a gap through which blood can pass fromridjlet artium to the left atrium,
the foramen ovale. A small vessel, thetusarteriosusallows blood from the pulmonary

artery to pass to the aorta
Changes at birth

The ductusarteriosus stays open because of cirmlatfactors
including prostaglandins. The foramen ovale stgysnobecause of the flow of blood
from the right atrium to the left atrium. As thenfis expand, blood flows easily through
the lungs and the membranous portion of the foraovatte (the septum primum) flops
over the muscular portion (the septum secunduntielfclosure is incomplete, the result
is a patent foramen ovale. The two flaps may floe#, many adults have a foramen

ovale that stays closed only because of the preshfierence between the atria



Theories

Rokitansky (1875) explained congenital heart defeat breaks in heart
development at various ontogenesis stages. Sit8283) treats them as returns to one
of the phylogenesisstages. Krimsky (1963), syn#megitwo previous points of view,
considered congenital heart diseases as a stopwalagpment at the certain stage of
ontogenesis, corresponding to this or that stagleeophylogenesis. Hence these theories

can explain feminine and neutral types of defentg.o
Hypoplasia

Hypoplasia can affect the heart, typically resgitin the underdevelopment of
the right ventricle or the left ventricle. This vés in only one side of the heart capable
of pumping blood to the body and lungs effectivélypoplasia of the heart is rare but is
the most serious form of CHD. It is called hypoptadeft heart syndrome when it
affects the left side of the heart and hypoplasgit heart syndrome when it affects the
right side of the heart. In both conditions, thegence of a patent ductusarteriosus (and,
when hypoplasia affects the right side of the heapatent foramen ovale) is vital to the
infant's ability to survive until emergency heartgery can be performed, since without
these pathways blood cannot circulate to the bodyufgs, depending on which side of
the heart is defective). Hypoplasia of the heaggiserally a cyanotic heart defé&et.

Obstruction defects

Obstruction defects occur when heart valves, aderr veins are abnormally
narrow or blocked. Common defects include pulmonstenosis, aortic stenosis,
and coarctation of the aorta, with other types sagticuspid aortic valve stenosis and
subaortic stenosis being comparatively rare. Anyavang or blockage can cause heart

enlargement or hypertension.

Septal defects



The septum is a wall of tissue which separatesethéeart from the right heart.
Defects in the interatrial septum or the intervientar septum allow blood to flow from
the right side of the heart to the left, reducihg heart's efficiency. Ventricular septal
defects are collectively the most common type oDCHIthough approximately 30% of

adults have a type of atrial septal defectcallebempatent foramen ovale
Cyanotic defects

Cyanotic heart defects are called such becauserdsejt in cyanosis, a bluish-
grey discoloration of the skin due to a lack ofgeyin the body. Such defects
include persistent truncusarteriosus, total anouwalo pulmonary venous

connection, tetralogy of Fallot, transposition lod great vessels, and tricuspid atresia.

Defects

- Aortic stenosis

- Atrial septal defectASD)

- Atrioventricular septal defecAV SD)

- Bicuspid aortic valve

- Dextrocardia

- Double inlet left ventricle@ILV)

- Double outlet right ventricleORV)

- Ebstein's anomaly

- Hypoplastic left heart syndromelLHS)
- Hypoplastic right heart syndromelRHS)
- Double inlet left ventricle

- Mitral stenosis

- Pulmonary atresia

- Pulmonary stenosis

- Transposition of the great vessels



dextro-Transposition of the great arteridsI(GA)
levo-Transposition of the great arteried GA)

. Tricuspid atresia

- Persistent truncusarteriosus

- Ventricular septal defecVSD)

- Wolff-Parkinson-White syndromé&\(PW)

Some conditions affect the great vessels or otessels in close proximity to the

heart, but not the heart itself, but are oftensifeessl as congenital heart defects.

. Coarctation of the aort&pA)
- Interrupted aortic arcHAA)
. Patent ductusarteriosul§A)
- Scimitar syndromeSS)
Partial anomalous pulmonary venous connecti#RV C)

Total anomalous pulmonary venous connectibARV C)

Some constellations of multiple defects are comméound together.

- tetralogy of Fallot ToF)
- pentalogy of Cantrell

- Shone's syndrome/ Shone's complex / Shone's anomaly
Diagnosis

Many congenital heart defects can be diagnosed atainby fetal
echocardiography. This is a test which can be diuméng the second trimester of
pregnancy, when the woman is about 18-24 weekshaneglt can be an abdominal

ultrasound or transvaginal ultrasound.

If a baby is born with cyanotic heart disease, dimgnosis is usually made

shortly after birth due to the blue colour of thekin (called cyanosis)



If a baby is born with a septal defect or an oludtom defect, often their

symptoms are only noticeable after several montls®metimes even after many years.
Treatment

Sometimes CHD improves without treatment. Otheedsf are so small that
they do not require any treatment. Most of the t&#¢D is serious and requires surgery
and/or medications. Medications include diuretiehjch aid the body in eliminating
water, salts, and digoxin for strengthening thetrmmtion of the heart. This slows the
heartbeat and removes some fluid from tissues. St&feets require surgical procedures

to restore circulation back to normal and in soases, multiple surgeries are needed.

Interventional cardiology now offers patients mialiy invasive alternatives to
surgery for some patients. The Melody TranscatHewdmonary Valve (TPV), approved
in Europe in 2006 and in the U.S. in 2010 underuwmanitarian Device Exemption
(HDE), is designed to treat congenital heart disgeients with a dysfunctional conduit
in their right ventricular outflow tract (RVOT). BhRVOT is the connection between
the heart and lungs; once blood reaches the lungs,enriched with oxygen before
being pumped to the rest of the body. Transcathetdmonary valve technology
provides a less-invasive means to extend the lifa dailed RVOT conduit and is
designed to allow physicians to deliver a replaggnmlmonary valve via a catheter

through the patient’s blood vessels.

Most patients require lifelong specialized cardae, first with a pediatric
cardiologist and later with an adult congenitaldoalogist. There are more than 1.8
million adults living with congenital heart defects



