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Vasculogenesis in the cardiac region forms the lateral
endocardial tubes
3 f Embrycnic folding brings the endocardial tubes together
\ln the thoracic region
u\v .
L_,_;"" Bulboventricular sulcus
. The endocardial tubes fuse to form the primitive heart tube,
7 k\\whlch is divided info incipient chambers by sulci
Afrioveniricular sulcus
Splanchnopleuric mesoderm invests the heart tube and forms
) 1_:he myocardium an_d cardiac jelly; migrE_lling _rrmﬂ’d'relial cells
The heart begins to beat ) \\\h.\lnwe:s*t the myocardium and form the epicardium
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|| 23 The heartbegins tofold | — N
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"'I'\.-/I.-" ——
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| The muscular ventricular
A \ ”“"J—'septum begins to form
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= f"'\” o The atnioventricular valves begin to form
- 33 </ (complete by 3 mo)
,/"'&_—__-f\ Right and left
33 | | truncoconal ridges
2 / begin to form
~ \ Superior and inferior W W Definitive atria and auricles are present
az / ' ‘.. | endocardial cushions fuse =
Ty | | to form the septum o The ostium secundum and foramen ovale
45 - intermedium form as the septum primum meets
i | \ the septum intermedium
| The muscular ventricular f T,
| septum ceases to grow H]
! | Y| The acrtic and pulmena
=6 '-\___/}hkThe coronary sinus is formed -" outflow tracts a‘:é &
e L] the ventricles are fully
o ) " separated by growth of
AU ) the truncoconal ridges
63 s The semilunar valves are complete

TIMELINE. FORMATIOM OF THE HEART.

Fig. 469.1 Timeline of cardiac morphogenesis.
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Fig. 470.1 A, The human circulation before birth (partly after Dawes). Red indicates more highly oxygenated blood, and arrows indicate
the direction of flow. More highly oxygenated blood from the placenta passes through the foramen ovale from the right to the left
atrium, thus bypassing the lungs. B, Percentages of combined ventricular output that return to the fetal heart, that are ejected by each
ventricle, and that flow through the main vascular channels. Figures are those obtained from studies of late-gestation fetal lambs. Ao,
Aorta; DA, ductus arteriosus; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; PA, pulmonary artery; PV, pulmonary veins;

RA, right atrium; RV, right ventricle; SVC, superior vena cava.
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Fig. 472.1 ldealized diagrams showing normal position of the cardiac chambers and great blood vessels. IVC, Inferior vena cava; LA,
left atrium; LPA, left pulmonary artery; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RPA, right pulmonary artery; RV,

right ventricle; SVC, superior vena cava.
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Table 473.1 | Relative Frequency of Major Congenital

Heart Lesions

LESION % OF ALL LESIONS
Ventricular septal defect 35-30

Atrial septal defect (secundum) 6-8

Patent ductus arteriosus 6-8

Coarctation of aorta 5-7

Tetralogy of Fallot 5-7

Pulmonary valve stenosis 5-7

Aortic valve stenosis 4-7

p-Transposition of great arteries ~ 3-5

Hypoplastic left ventricle 1-3
Hypoplastic right ventricle 1-3
Truncus arteriosus 1-2
Total anomalous pulmonary 1-2
venous return
Tricuspid atresia 1-2
Single ventricle 1-2
Double-outlet right ventricle 1-2
Others 5-10

*Excluding patent ductus arteriosus in preterm neonates, bicuspid aortic valve,
physiologic peripheral pulmonic stenosis, and mitral valve prolapse.
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Congenital heart disease

Observation/pulse oximetry

v v

Acyanotic Chest X-ray Cyanotic
Increased Normal Decreased Increased
pulmonary pulmonary pulmonary pulmonary
blood flow blood flow blood flow blood flow

Left-to-right shunts

Obstructive lesions

R sided obstructive

Mixing lesions

ASD Pulmonic stenosis lesions with shunt Transposition of the
AV septal defect Cor triatriatum Tetralogy of Fallot great arteries
VSD Mitral stenosis Pulmonary atresia Single ventricle

Hypoplastic L or R heart
Truncus arteriosus
Total anomalous
pulmonary venous return

PDA Aortic stenosis
AP Window Coarctation of the aorta

Tricuspid atresia
Ebstein anomaly

Fig. 474.1 A general algorithmic approach to the initial diagnosis of congenital heart disease, based on observation/pulse oximetry and
chest x-ray, to separate patients into four major physiologic subgroups of congenital heart disease. This schematic is a broad, but useful,
diagnostic overview; only the most common forms of congenital heart disease are included. A patient’s initial presentation may
sometimes straddle two of these physiologic groups and can evolve between them over the first week or two of life. For example, in a
patient with a VSD, the pulmonary blood flow will be relatively normal in the newborn period and only increase as the pulmonary
vascular resistance begins to drop. Similarly, a patient with a mixing lesion may not show pulmonary overcirculation at birth. ASD,
Atrial septal defect; AV, atrioventricular; VSD, ventricular septal defect; PDA, patent ductus arteriosus, AP, aortopulmonary; L, left;
R, right
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Fig. 475.1 Atrial septal defects (ASDs). A, Schematic diagram outlining the different types of interatrial shunting that can be encountered.
Note that only the central defect is suitable for device closure. B, Left panel, Subcostal right anterior oblique view of a secundum ASD
(asterisk) that is suitable for device closure. Right panel, Specimen as seen in a similar view, outlining the landmarks of the defect. C, Left
image, Transesophageal echocardiogram with color flow before device closure. Right image, Taken following release of an Amplatzer
device. D, Montage of echocardiographic interatrial communications that are not secundum ASDs (asterisks) and therefore not suitable for
device closure. Top left image, Coronary sinus defect caused by unroofing; top right image, superior sinus venosus defect; bottom left image,
inferior sinus venosus defect; bottom right image, ASD in the setting of an atrioventricular septal defect. AO, Aorta; CS, coronary sinus;
Eus, eustachian; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; RA, right atrium; SVC, superior vena cava; Tric, tricuspid.
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Fig. 476.1 Physiology of valvular pulmonary stenosis. Boxed numbers represent pressure in mm Hg. Because of the absence of right-
to-left or left-to-right shunting, blood flow through all cardiac chambers is normal at 3 L/min/m2. The pulmonary-to-systemic blood
flow ratio (Qp:Qs) is 1:1. Right atrial pressure is increased slightly as a result of decreased right ventricular compliance. The right
ventricle is hypertrophied, and systolic and diastolic pressure is increased. The pressure gradient across the thickened pulmonary valve
is 60 mm Hg. The main pulmonary artery pressure is slightly low, and poststenotic dilation is present. Left-sided heart pressure is
normal. Unless right-to-left shunting is occurring through a foramen ovale, the patient’s systemic oxygen saturation will be normal.
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Fig. 478.1 Physiology of congenital heart disease delineated by chest radiography. A, Mild cardiomegaly with an upturned cardiac
apex, a concave main pulmonary artery segment, and symmetric, severely diminished pulmonary blood flow in a 4-yr-old child with
tetralogy of Fallot/ pulmonary atresia. B, Moderate cardiomegaly and symmetric, increased pulmonary blood flow in a 3-mo-old infant
with a large atrial septal defect and ventricular septal defect. C, Moderate cardiomegaly with interstitial edema in an 8-day-old newborn
with critical aortic stenosis. (From Frost JL, Krishnamurthy R, Sena L. Cardiac imaging. In: Walters MM, Robertson RL, eds. Pediatric
Radiology—The Requisites, 4th ed. Philadelphia: Elsevier; 2017: Fig. 3.9, p. 68.)
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Fig. 480.1 d-Looped transposition of the great arteries (TGA). A, Diagram of d-TGA, with the main pulmonary artery (MPA) arising
from the left ventricle (LV) and the aorta (Ao) arising from the right ventricle (RV). The degree of cyanosis is variable and depends
on the presence of intracardiac shunts such as an atrial septal defect or a ventricular septal defect (VSD) to get oxygenated blood into
the systemic circulation. LA, Left atrium; PA, pulmonary artery; RA, right atrium. B and C, Oblique reformatted images from a 3D
steady-state free-precession sequence show (B) the Ao arising from the anterior RV with a subaortic conus (arrow), and (C) the MPA
arising from the posterior LV. D, The Ao and MPA have a parallel “back-to-front” arrangement. E, This parallel back-to-front
arrangement contributes to the narrow mediastinum and “egg on a string” appearance seen on chest radiography. This patient has a
large VSD with increased pulmonary blood flow. (From Frost JL, Krishnamurthy R, Sena L. Cardiac imaging. In: Walters MM,
Robertson RL, eds. Pediatric Radiology: The Requisites, 4th ed. Philadelphia: Elsevier; 2017, Fig 3-20, p. 75.)
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Fig. 480.2 Subcostal four-chamber 2D echocardiographic demonstration of d-transposition of the great arteries. The pulmonary artery
(PA) can be seen arising directly from the left ventricle (LV). The immediate bifurcation of this great vessel into the branch pulmonary
arteries differentiates it from the aorta, which branches more distally from the heart. LPA, Left pulmonary artery; RA, right atrium;
RPA, right pulmonary artery; RV, right ventricle.



