DEVELOPMENT OF THE HEART
The focus here is to know all the clinical cases.  In order to understand what’s happening  in each case, you have to understand the various structures that are involved.

To briefly scan the clinical cases:

1) Ectopia cordis:  self explanatory, the heart is partially or completely exposed because the lateral folds did not close appropriately.  

2) Dextrocardia:  the heart tube bends to the left rather than the right.  We’ll look at why in a moment.

3) ASD: Atrial septal defect, more common in females.  VERY IMPORTANT clinical case with lots of variations.  You already know about the foramen ovale between the right and left atria.  It’s very important to know what forms the foramen ovale, and what can go wrong with this structure.  

4) VSD: Ventricular septal defect.  Membranous vs muscular variations, and very important to know how the wall between the right and left ventricle is formed.

5) Truncus Arteriosus defects: problems with the aorta and pulmonary artery, several variations, we’ll look at this in a moment.

6) Tetralogy of Fallot: also a truncus arteriosus related issue, but characteristic enough that you have to memorize its details

7) Anamolous pulmonary venous return:  As it says, pulmonary vein formation defects, we’ll look at this one too.

With that overview, lets look at something we ARE familiar with: how blood flows through the chambers of the heart.

Inferior Vena Cava and Superior Vena Cava and Coronary Sinus all empty into the Right Atrium.  Continue to the Right Ventricle, to the pulmonary artery to the lungs.  Return via the pulmonary veins to the left atrium.  Continue to the Left Ventricle, and exit through the aorta.  Note: I’m not mentioning valves yet.
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Now how does that pathway compare to the tubular heart?

Several veins feed into the Sinus Venosus. Next is the Atrium, followed by the Atrioventricular Canal, Ventricle, Bulbus Cordis, Truncus Arteriosus, and on to the ventral aortae
Veins ( SV ( Atrium ( AV Canal ( Ventricle ( BC ( TA ( Ventral Arteries

There are no lungs yet, with which pulmonary arteries and veins can interact.

Lets look at the Sinus Venosus (SV).  It has a left and right horn to receive incoming veins.  There are three types of veins:  

1) vitelline veins from the yolk sac (makes sense, vitelline = nourishment, which is what the yolk sac provides)  They later contribute to the portal venous system.
2) umbilical veins from the placenta (umbillicus is the embryo’s connection to the placenta)  Note: early in development, these two veins run adjacent to the liver, on their way to the heart, but by the end of the embryonic period, (end of 8th week), the right vein degenerates and only the left one remains to carry oxygenated blood to the embryo.  Remember Left for Liver.  Also, the Ductus Venosus lets the left umbilical vein pass to the IVC, within the liver.  In the adult this is the ligamentum teres.
3) Common cardinal veins from the body wall of the embryo.  Portons of these veins form the IVC and SVC in the adult.  More on venous development in a cardiovascular packet after midterms.

If all the veins are feeding into the Sinous Venosus, doesn’t that make it equivalent to the Right Atrium?  Almost.  The Sinous Venosus AND the Atrium in the embryo form BOTH right and left atria in the adult.

SV, Atrium ( RA + LA

This is a good point to mention the looping of the heart.  
As the tubular heart outgrows the pericardial cavity, it is forced to form a loop, bringing the dilations of the tubular heart roughly into the positions of the future chambers of the heart.  Note the names of the two loops as mentioned in the course companion.  
Clinical case: Dextrocardia – this looping malfunctions and goes to the left rather than the right.

What happens to the left and right horns of the Sinus Venosus?  

As the embryo develops, the left horn diminishes in size and becomes the coronary sinus, and the oblique vein of the Left Atrium.  Most of the vitelline, umbilical and cardinal veins on the left side degrade, or get diverted to the right side.  The right horn comes to dominate, and receives blood from the SVC and IVC.  The right horn gets incorporated into the SV eventually, forming part of what will be the Right Atrium.
What about pulmonary arteries and veins?

As the lungs develop, so do the pulmonary arteries and veins.  The pulmonary artery will be discussed below.  The pulmonary veins lead into the Atrium, and part of the veins are infact incorporated INTO the atrium. This region will normally become the LEFT atrium.
Clinical Case: Anamolous Pulmoary Venous Return –  The pulmonary veins can lead to other regions of the atrium that develop into the right atrium.  Or the pulmonary veins could lead to systemic veins leading to the SVC or IVC.
What’s the deal with smooth and rough parts of the atria and ventricles?

In the adult, both the atria and both the ventricles have smooth portions and rough portions within the walls of the chambers.  The rough portions correspond to the embryological Ventricle and Atruium.  The smooth portions correspond to the Bulbus Cordis (in both ventricles), Sinus Venosus(in the Right Atrium) and developing Pulmonary veins (in the Left Atrium).

So what about ASD (atrial septal defects)?

We now know about vessels leading to the sinus venosus, and vessels leading to the atrium.  We also know that the atrium and ventricle are connected by an AV canal.  

The top and bottom of this canal are composed of of endocardial cushions, that attach in the middle, like a stalagmite to a stalagtite.  This happens along the length of the canal, splitting it into a left side and right side.  This dividing septum in the AV canal is called the septum intermedium.  
Meanwhile in the atrium, opposite the AV canal, a fold forms, and grows towards the septum intermedium.  This growth is the septum primum, which divides the right and left atria.  The foramen primum is the space between the septum primum and septum intermedium.  As soon as the two septa meet, the foramen no longer exists.  The septum primum begins to degrade at its starting point, and this area is the foramen secundum.  The septum primum is like a flap.  Adjacent to where the septum primum, started, a septum secundum begins to grow and reach towards the septum intermedium.  This septum secundum lies to the right of the foramen secundum.  The septum secundum is rigid, and DOES NOT reach the septum intermedium.  The oblique path blood has to travel through to get from right to left atrium is the foramen ovale.  
So….what about ASD??

Since blood pressure is greater in the right atrium before birth, blood pumps past the flapping septum primum.  Since blood pressure is greater in the left atrium AFTER birth, blood pushes the flapping septum primum against the ridig septum secundum.  Note the Fossa Ovalis (Septum Primum) and the Limbus Fossa Ovalis (Part of Septum Secundum).  The foramen ovale is functionally closed immediately after birth.  The foramen ovale is anatomically closed some time after birth, when the two septa fuse together (interatrial septum).  ASDs happen when this system is faulty. 

Clinical Case: ASD
A) patent foramen ovale =  septum primum is misplaced, doesn’t sit flush against the septum secundum

B) probe-patent foramen ovale = seems to work decently, but prodding the septum primum with a probe shows that it hasn’t fused with the septum secundum

C) Secundum ASDs = two reasons, basically meaning the septum primum or the septum secundum are two small to close the foramen ovale
D) Sinus Venosus ASD = faulty development leading to an improper placement of the septum secundum, associated with the opening of SVC 

E) Primum defects = Downs syndrome, know this.  Persistent foramen primum (so a defect in septum primum or av septum)
F) Common atrium = No septa
Alright, enough about Atria, what about Ventricles?
Keep  in mind that the AV Canal is divided by the septum intermedium, giving us the two AV openings, into a common ventricle composed of the bulbus cordis AND ventricle.  What happens next is a little hard to picture, because several septa all converge in one location.  The first septum is the septum intermedium in the AV canal.  The primitive interventricular septum rises to meet the septum intermedium, but it doesn’t quite complete the job.  (Think septum primum reaching towards the septum intermedium, with the foramen primum inbetween them.)  The analogus foramen is the primtive interventricular foramen.  The primitive IV septum is the muscular part of the adult IV septum.  The primitive IV foramen is closed by three growths: 

1) the left bulbar ridge

2) the right bulbar ridge  (together this is the bulbar septum, formed from neural crest mesenchyme)

3) the AV cushions.

The embryo BRS book lists these three growths as forming the membranous part of the IV septum, but check with Dr. Ranganathan to be sure.

So we have two ventricles, but where do the aorta and pulmonary artery come out?

The truncus arteriosus is responsible for these.  Following the pattern we’ve seen for septum formation, two ridges grow towards each other, and fuse to make a Spiral Truncal Septum.   The variation to the theme here is that this septum spirals as the neural crest cells that compose it and migrate down its length grow towards the bulbar septum.  This spiraling is responsible for the pulmonary artery and aorta twirling around each other as they emerge from the heart.  One side of the truncus arteriosus is the PA, the other side is the Aorta.  (The fusion of the truncal septum to the bulbar septum, to the IV septum,  to the septum intermedium, to the septum primum/secundum separates the left heart from the right heart.)
That’s pretty confusing to grasp initially.  The truncal septum/bulbar septum fuse in the middle of the primitive IV septum, and that’s what allows the right ventricle to be directed towards the pulmonary artery and the left ventricle to be directed towards the aorta.

So what about VSDs?

Clinical Case: VSDs 
A) Membranous part defects = MOST COMMON CONGENITAL HEART DISEASE, due to failed fusion of anything in this area (cushions to bulbar septum to primitive IV septum)

B) Muscular part defects are rare

C) Absent IV septum = 3 chambered heart
And what about Truncus Arteriosus problems?
Clinical Case: Abnormal division of Truncus Arteriosus = faulty migration of neural crest cells

A) Persistent truncus = no spiral septum

B) Aortico-pulmonary septal defects = poor fusion of spiral septum to bulbar septum?  Holes within the spiral septum?

C) Transposition of great arteries = sprial septum isn’t spiral

D) Aortic/Pulmonary Stenosis/Atresia = difficulty pumping, hypertrophy of ventricle
Clinical Case: Tetralogy of Fallot
Assymetrical partitioning of truncus, leads to pulmonary stenosis, leads to all other symptoms.
Origin of the chambers of the adult heart:

Right Atrium – smooth part: sinus venosus


trabeculated part: primitive atrium



juncion of both parts meeting is called the crista terminalis
Right Ventricle – smooth part: bulbus cordis



trabeculated part: primitive ventricle
Left Atrium – smooth part: incorporation of pulmonary veins



trabeculated part: primitive atrium
Left Ventricle– smooth part: bulbus cordis



trabeculated part: primitive ventricle
Embryologic Chambers/Vessels and their adult counterparts:
Truncus arteriosus – ascending aorta, pulmonary trunk
Bulbus cordis – smooth parts of both ventricles

Primitive ventricle – trabeculated parts of both ventricles

Primitive atria – trabeculated parts of both atria

Left horn of sinus venosus – coronary sinus

Right horn and sinus venosus – smooth part of right atrium

Pulmonary veins – smooth part of left atrium


Septa and where you can find them:

Septum Intermedium – AV Canal
Septum Primum – Atrium

Septum Secundum – Atrium

Primitive IV septum – Ventricle/Bulbus Cordis

Blubar septum – Bulbus Cordis

Spiral Septum – Truncus Arteriosus
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