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Weeks Days

Vasculogenesis in the cardiac region forms the lateral

L 19 endocardial tubes

3 Embryonic folding brings the endocardial tubes together
in the thoracic region
- 20
2B |
\_J Bulboventricular sulcus
1@ The endocardial tubes fuse to form the primitive heart tube,
which is divided into incipient chambers by sulci

— 21 JSTA
/\ Atrioventricular sulcus

Splanchnopleuric mesoderm invests the heart tube and forms
| oo the myocardium and cardiac jelly; migrating mesothelial cells
invest the myocardium and form the epicardium

The septum primum begins to form
The muscular ventricular
septum begins to form

The atrioventricular valves begin to form
(complete by 3 mo)

N Right and left
. truncoconal ridges
e begin to form
(A
Superior and inferior Definitive atria and auricles are present
42 | endocardial cushions fuse
1 ) to form the septum The ostium secundum and foramen ovale

The heart begins to beat

: N
o

23 The heart begins to fold

28 Folding is complete

46 intermedium b form as the septum primum meets
@ ﬂ the septum intermedium
‘. The muscular ventricular g AN
septum ceases to grow '
56 o The aortic and pulmonary
The coronary sinus is formed ‘ outflow tracts and
. the ventricles are fully
separated by growth of
. the truncoconal ridges
63 ‘ The semilunar valves are complete

TIMELINE. FORMATION OF THE HEART.

Fig. 469.1 Timeline of cardiac morphogenesis. (From Larsen WJ. Essentials of Human Embryology. New York:
Churchill Livingstone; 1998.)
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A B C
Fig. 469.2 Schematic drawings illustrating the changes that result during transformation of the truncus arteriosus,
aortic sac, aortic arches, and dorsal aortae into the adult arterial pattern. The vessels that are not shaded or colored are
not derived from these structures. A, Aortic arches at 6 weeks; by this stage, the first two pairs of aortic arches have
largely disappeared. B, Aortic arches at 7 weeks; the parts of the dorsal aortae and aortic arches that normally disappear
are indicated by broken lines. C, Arterial vessels of 6-mo-old infant. (From Moore KL, Persaud TVN, Torchia M. The
Developing Human. Philadelphia: Elsevier; 2007.
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Figure 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. (From Rudolph AM. Congenital Diseases of the Heart. Chicago: Year Book; 1974.)
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Table 471.1 | Differential Diagnosis of Chest Pain in
Pediatric Patients

MUSCULOSKELETAL (COMMON)
Trauma (accidental, abuse)

Exercise, overuse injury (strain, bursitis)
Costochondritis

Tietze syndrome

Herpes zoster (cutaneous or without rash)
Pleurodynia

Fibrositis

Slipping rib

Rib fracture

Precordial catch

Sickle cell anemia vasoocclusive crisis
Osteomyelitis (rare)

Primary or metastatic tumor (rare)
Fibromyalgia

Nerve entrapment, radiculopathy

PULMONARY (COMMON)
Pneumonia

Pleurisy

Pleurodynia

Asthma

Chronic cough
Pneumothorax

Infarction (sickle cell anemia)
Foreign body

Embolism (rare)

Pulmonary hypertension (rare)
Tumor (rare)

Bronchiectasis

GASTROINTESTINAL (LESS COMMON)
Esophagitis (gastroesophageal reflux, infectious, pill)
Esophageal foreign body

Esophageal spasm

Cholecystitis

Subdiaphragmatic abscess

Perihepatitis (Fitz-Hugh-Curtis syndrome)

Peptic ulcer disease

Pancreatitis

Splenic rupture

CARDIAC (LESS COMMON)

Pericarditis

Postpericardiotomy syndrome

Endocarditis

Myocarditis

Cardiomyopathy

Mitral valve prolapse

Aortic or subaortic stenosis

Arrhythmias (supraventricular, ventricular, tachycardias)

Marfan syndrome (dissecting aortic aneurysm)

Kawasaki disease

Cocaine, sympathomimetic ingestion

Ischemia (familial hypercholesterolemia, anomalous coronary artery,
post-repair of congenital heart disease involving reimplantation of
the coronary arteries [e.g., d-transposition of the great arteries])

Takotsubo cardiomyopathy (primary or secondary)

IDIOPATHIC (COMMON)

Anxiety, hyperventilation

Panic disorder

OTHER (LESS COMMON)

Spinal cord or nerve root compression

Breast-related pathologic condition (mastalgia)
Castleman disease (lymph node neoplasm)
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Table 471 Congenital Malformation Syndromes Associated with Congenital Heart Disease
SYNDROME

CHROMOSOMAL DISORDERS
Trisomy 21 (Down syndrome)

Trisomy 21p (cat-eye syndrome)

Trisomy 18
Trisomy 13

Trisomy 9

XXXXY

Penta X

Triploidy

XO (Turner syndrome)

Fragile X

Duplication 392

Deletion 4p

Deletion 9p

Deletion 5p (cri du chat syndrome)
Deletion 10q

Deletion 13q

Deletion 18q

Deletion 1p36
Deletion/duplication 1g21.1
Deletion 17q11 (William syndrome)
Deletion 11q 24-25 (Jacobsen syndrome)
SYNDROME COMPLEXES

CHARGE association (coloboma, heart, atresia choanae, retardation,

genital, and ear anomalies)

DiGeorge sequence, CATCH 22 (cardiac defects, abnormal facies,
thymic aplasia, cleft palate, hypocalcemia, and deletion 22q11)

Alagille syndrome (arteriohepatic dysplasia)

VATER association (vertebral, anal, trachecesophageal, radial, and
renal anomalies)

FAVS (facioauriculovertebral spectrum)

CHILD (congenital hemidysplasia with ichthyosiform erythroderma,
limb defects)

Mulibrey nanism (muscle, liver, brain, eye)

Asplenia syndrome

Polysplenia syndrome

PHACE syndrome (posterior brain fossa anomalies, facial
hemangiomas, arterial anomalies, cardiac anomalies and aortic
coarctation, eye anomalies)

TERATOGENIC AGENTS
Congenital rubella

Fetal hydantoin syndrome

Fetal alcohol syndrome

vo

FEATURES

Endocardial cushion defect, VSD, ASD
Miscellaneous, total anomalous pulmonary venous return

VSD, ASD, PDA, TOF, coarctation of aorta, bicuspid aortic or
pulmonary valve

VSD, ASD, PDA, coarctation of aorta, bicuspid aortic or pulmonary
valve

Miscellaneous, VSD

PDA, ASD

PDA, VSD

VSD, ASD, PDA

Bicuspid aortic valve, coarctation of aorta
Mitral valve prolapse, aortic root dilatation
Miscellaneous

VSD, PDA, aortic stenosis

Miscellaneous

VSD, PDA, ASD, TOF

VSD, TOF, conotruncal lesions*

VSD

VSD

ASD, VSD, PDA, TOF, cardiomyopathy
ASD, VSD, PS

Supravalvar AS, branch PS

VSD, left sided lesions

VSD, ASD, PDA, TOF, endocardial cushion defect
Aortic arch anomalies, conotruncal anomalies

Peripheral pulmonic stenosis, PS, TOF
VSD, TOF, ASD, PDA

TOF, VSD

Miscellaneous

Pericardial thickening, constrictive pericarditis

Complex cyanotic heart lesions with decreased pulmonary blood flow,
transposition of great arteries, anomalous pulmonary venous return,
dextrocardia, single ventricle, single atrioventricular valve

Acyanotic lesions with increased pulmonary blood flow, azygos
continuation of inferior vena cava, partial anomalous pulmonary
venous return, dextrocardia, single ventricle, common atrioventricular
valve

VSD, PDA, coarctation of aorta, arterial aneurysms

PDA, peripheral pulmonic stenosis
VSD, ASD, coarctation of aorta, PDA
ASD, VSD

Continued
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SYNDROME

Fetal valproate effects

Maternal phenylketonuria
Retinoic acid embryopathy

OTHERS
Apert syndrome

Autosomal dominant polycystic kidney disease
Carpenter syndrome
Conradi syndrome
Crouzon disease

Cutis laxa

De Lange syndrome
Ellis—van Creveld syndrome
Holt-Oram syndrome
Infant of diabetic mother
Kartagener syndrome
Meckel-Gruber syndrome
Noonan syndrome
Pallister-Hall syndrome
Primary ciliary dyskinesia
Rubinstein-Taybi syndrome

Scimitar syndrome

Smith-Lemli-Opitz syndrome

TAR syndrome (thrombocytopenia and absent radius)

Treacher Collins syndrome

FEATURES

Coarctation of aorta, hypoplastic left side of heart, aortic stenosis,
pulmonary atresia, VSD

VSD, ASD, PDA, coarctation of aorta

Conotruncal anomalies

VSD

Mitral valve prolapse

PDA

VSD, PDA

PDA, coarctation of aorta

Pulmonary hypertension, pulmonic stenosis
VsD

Single atrium, VSD

ASD, VSD, first-degree heart block
Hypertrophic cardiomyopathy, VSD, conotruncal anomalies
Dextrocardia

ASD, VSD

Pulmonic stenosis, ASD, cardiomyopathy
Endocardial cushion defect

Heterotaxia disorders

VsD

Hypoplasia of right lung, anomalous pulmonary venous return to
inferior vena cava

VSD, PDA
ASD, TOF
VSD, ASD, PDA

*Conotruncal includes TOF, pulmonary atresia, truncus arteriosus, and transposition of great arteries.
ASD, Atrial septal defect; AV, aortic valve; PDA, patent ductus arteriosus; PS, pulmonary stenosis; TOF, tetralogy of Fallot; VSD, ventricular septal defect.

Suspect aneuploidy
(tisomy 13, 18, 21,
Tumer)

Karyotype
(or FISH if
emergent)

other family
members

Cardiac and extracardiac phenotype, family history,
Previous genetic testing (including prenatal)

High suspicion for
DiGeorge, William

If negative:

Test and counsel Known
pathogenic variant

Possible

pathogenic
variant

Test parents
Severe CHD, or CHD High clinical suspicion of Y
+ extracardiac CHD as part of a defined
abnormality syndrome
Chromosomal (Targeted
microarray sequencing)
Variant of
unknown
significance

Fig. 471.1 Genetics screening algorithm for congenital heart disease (CHD) patients. FISH, Fluorescence in situ
hybridization; WES, whole exome sequencing. (From Simmons MA, Brueckner M. The genetics of congenital heart
disease . . . understanding and improving long-term outcomes in congenital heart disease: a review for the general
cardiologist and primary care physician. Curr Opin Pediatr. 2017;29:520-528, Fig 2.)
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