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Professor: Dr. Elmus Beale

Announcements:

1. Please turn off your cell phones to prevent distraction to the class and to be respectful to the professor.

2. Dr. Chris Spiller (an intern) has volunteered to tutor groups in gross anatomy, as his time permits.  He can be paged at 766-5978.

3. An elective course will probably be offered in the spring—surgical procedures on cadavers.  It will also be available to 2nd, 3rd, and 4th yr students.  It will be organized in 8 half-day sessions.

“Development of Lungs and Cardiovascular System”

I.  Development of the lungs

A. Lungs begin formation in week 4 as an endoderm-mesoderm composite.  (table 6-1 summarize stages of lung development).

1. The lung formation begins at the roof of the embryo, the yolk sac.  At the part of the fore gut, the lung begins as a small outgrow called diverticulum or lung bud, and it grows out into mesoderm. There are a lot of growth factors and hormones involved and stimulate the process.  Initially, it’s a single bud in the midline, and that’s going to form the trachea and larynx.  See Figure 6-9 in Larsen.

2. A series of division lay down the basic overall plan of the lung.

a. The first division generates right and left lungs.

b. The second division generates three lobes on the right and two lobes on the left.

c. The third division generates tertiary bronchial buds.  

B. *Note:  The text divides lung development into 5 different segments.  However, Dr. Beale thinks it’s important that students conceptualized (vs. know) what those 5 segments are.

1. The first segment is called embryonic portion.  During this segment, the basic plan is laid down—consisting of the three divisions.  

2. The second segment consists of 14 more divisions at the ends of the branches.  By this time, ¼ million-1 million tubes, which are still not enough to make a lung.  

3. Two more divisions follow producing the airway, bronchioles, and terminal bronchioles (for a total of 19 divisions).  See figure 6-10 in Larsen.

4. In the fourth stage (week 28-36), the primordial alveoli (a.k.a terminal sacs) undergo maturation to go from primordial alveoli to definitive alveoli and become functional alveoli.

5. The final stage (week 36-38) converts terminal sacs to definitive alveoli.  This occurs in the last 2-3 weeks of development.  In order to survive, infant development must get to this stage (week 28).  A premi, which is born before week 28, doesn’t have anything that’ll become functional alveolus.  The chance for survival is very poor.   

C. In order for the lung to inflate at birth, the surface tension inside alveoli must be low.  Surfactant, natural soap in our body, is a complex mixture of proteins and phospholipids.  Surfactant is made during this final maturation stage, especially in the couple of weeks before birth.  Premature babies can be treated with artificial surfactant, generated from animals.

D. There are human diseases that are associated with ill-formed or absence of surfactant.  People with these disorders will have severe respiratory distress syndrome and probably won’t survive.  Without surfactant, the surface tension is too great and alveoli can’t inflate.

II.  Development of the Cardiovascular System

A. Heart and vessels form in lateral plate mesoderm near the end of week 3 (before folding has occurred).

1. In the lateral plate mesoderm, the cardiogenic area is where the formation of the heart begins. The endothelial cells (blind vesicles) fuse together, and the fusion continues until 2 open tubes are formed.  This is how vasculogenesis occurs.  See figure 7-1 in Larsen.

2. The track in the cardiogenic area is shaped like a horseshoe.  There’re two limbs on each side.  The anterior limb is going to become a part of the heart.  The heart begins as two tubes coming together at the mid-line and fuse.  The more medial one will become a pair of dorsal aortae.  The lateral one will be the presumptive venous inflow to the heart.

3. As embryo folds in week 4, the body cavity, gut, and mesenteries are formed simultaneously.  This folding brings the heart tubes together so they can fuse to form a single tube at the midline.  

4. In the middle of week 4, the heart has single chamber.

a.  Blood flows in from the posterior end and out at the anterior end into an arterial “basket”:  arterial/aortic arches, which surrounds the developing foregut.  The blood then enters capillary networks, and then into veins and returns the heart once again.  See Figure 7-5 and 7-6 in Larsen.

b. Every vein and artery is paired: one on the left and one on the right side.  

5. *Note: The heart at this time has:

a. Single chamber, no valves yet.

b. It begins to beat at day 24-25.  The blood flows from aortic side to venous   side.

c. 5 aortic arches.  Blood flows along left and right dorsal aorta. The arteries   supply blood to embryo.  The posterior end of artery goes out to the umbilical cord through the umbilical artery, which goes to the placenta. 

6.  Blood circulation

a. In the center of the stem villis, there’s a capillary network supplied by umbilical artery and drained by umbilical vein.  This capillary network allows for exchange of nutrients, gas, and wastes.  Blood comes from body through cardinal veins, which flow into the back of the heart.  The vitelline veins drain the yolk sac.

b. Venous inflow comes from 3 sources:

i.             from embryonic body through cardinal veins

ii. from placenta through umbilical veins

iii. from yolk sac through vitelline veins

7. Remodeling occurs—to get two separate circulations (pulmonary and systemic)

a. The heart has to change from a single chamber to 4 chambers.  

i. The heart tube folds to bring the inflow tract to the left and cranial.  The folding completes at the end of week 3.  Functionally, the heart is still single chambered without any valves. The atrioventriculum septum forms in the space between the atrium and ventricle.  See figure 7-9 in Larsen.

ii. A separation of the atrium and ventricle into 2 chambers occurs next.  See figures 7-15, 16, 17 in Larsen.

A.  A curtain, Septum Primum, descends from the upper wall of the heart with a hole (Ostium primum) in it.   

B. A second curtain, Septum secundum, follows the first one and also has a hole (Ostium secundum).  

C. The space through the 2 holes forms a one-way valve for blood from the vena cava to flow from the right atrium to the left atrium.  That valve is called Foreman Ovale.

b. Remodeling of veins and arteries takes place.

i. The aorta and pulmonary arteries have to form. The pulmonary trunk exits anteriorly from right side of heart while aorta exits posteriorly from the left side of the heart.  See figure 7-20 in Larsen.

ii. In the adult, the aorta and pulmonary arteries spiral around one another.  At the end of week 4, there are inflow tracts:  blood flows into atria down the ventricle and out upward.  But this is an open tube, and that tube needs to be separated into an aorta and pulmonary trunk.   

iii. Neural crest cells migrate from the neural tube and get inside the heart and form the Truncoconal Septum which separates the aorta and pulmonary trunk.

A. This is the most common source of a defect in the heart.

1. Failure in forming Truncoconal Septum:

a. Transposition of great vessel:  the septum is not spiraled.  So, blood from the aorta goes to the lung instead of going to the body.  Blood from the pulmonary trunk goes to the body instead to the lung.

b. Persistant Conotruncus:  The septum fails to form and the great vessels don’t form.

c. Defective ventricular septum: the septum fails to fuse completely.  25% of live birth defects of the heart are this.

d. Tetralogy of Fallot: results from malalignment (off center) of septum and leads to pulmonary stenosis, a large aorta, a defect in the septum and the right side of the heart gets enlarged because it has to work hard.  ** (Dr, Beale expects this to be on the Boards.)

c.  Finishing of the formation of the 4 chambered heart with 4 valves.

i. The Atrioventricular develops from endocardial cushion.

ii. The Semilunar valve forms in the truncoconal septae.

iii. The next thing to happen is the remodeling of aortic arches. The remodeling forms the systemic veins.

A. A defect in the development of the aortic arch (failure of one to disappear) will lead to the two aortae to embracing the esophagus and will cause the person to choke more easily.

III.  At Birth …

A. Before birth, it’s necessary to have single circulation.  After birth, two circulations are needed: pulmonary and systemic.

1. Before birth, there are several places where blood mixes.  The umbilical vein carries oxygenated blood mixed with blood returning from the hind quarters of the embryo.  It passes through the heart and is still richly oxygenated.  This blood shoots thru inferior vena cava (right side of heart) to the left side of the heart.  The blood goes to the body and head.  The most oxygenated blood goes to the head.  The less oxygenated blood from the right heart goes through the pulmonary trunk to the lungs, which have very high resistance.  The blood is shunted thru the ductus arteriosus and mixes with oxygenated blood and serves the rest of the hind quarters of the fetus.  Fetal hemoglobin is here and helps deliver O2 here.  (Fetal hemoglobin has higher affinity for oxygen than adult hemoglobin.) Finally, the blood returns to placenta to be re-oxygenated.

2. In the fetus is the foreman ovale (the fossa ovalis in the adult) and the ductous arteriosus (the ligamentum arteriosum in the adult), which allows the mixing of the blood from the left and right sides.

B.  After birth, it’s necessary to have 2 separate circulations in series:  pulmonary and systemic.

1. We lose the venous return from the placenta at birth as a result of the cord being cut or clamped, causing the blood pressure in the right side of fetus heart is reduced.  In addition, when child takes the first breath, the resistance in the lungs is reduced.  The pressure of the left side of the child’s heart increases, and foreman ovale is closed as a result of pressure difference between 2 atria.

2. Within the first 18 hrs of birth, the ductous arterious will close and separate systemic and pulmonary circulation.  

a. If it remains open (because of prostaglandin produced by the placenta), it’s called patent. 

b. An inhibitor of prostaglandin (endomethocine) can be given to close the “patent” foramen ovale.

c. If the child has a heart defect (and is cyanotic), they may give him/her prostaglandins to keep the valve open long enough to perform corrective surgery.

