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Question:

Write short notes on the following:

i.) Development of the lungs.

ii.) Rotation of the stomach and the formation of the omental bursa.

iii.) Development of the oesophagus.

ANSWER:

1. Development of the lungs.

Answer

Development of the lower respiratory tract begins on day 22 and continues to form the trachea, lungs, bronchi, and alveoli. The process divides into five stages: embryonic, pseudoglandular, canalicular, saccular, and alveolar stage. Although the process begins early on in fetal development, complete maturation does not take place until the child is approximately 8 years of age. This developmental delay is vital in premature babies where their survival is intricately linked to which developmental stage their respiratory tract has reached at the time of birth.

Embryonic stage – 3-6 weeks

The respiratory diverticulum appears on the ventral wall of the primitive foregut endoderm, posterior to the pharynx.  The ventral wall rostral to the lung buds now pinches off from the dorsal wall to form a parallel tube which, after caudal elongation, forms the trachea anteriorly and the esophagus posteriorly. Following the fourth week of development, the caudal end of the trachea bifurcates to form the left and right primary bronchial buds which continue to grow into the adjacent layer of splanchnopleuric mesoderm-derived pleural mesenchyme. The formation of the primary bronchial buds marks the beginning of branching morphogenesis. At the end of the fifth week, the primary bronchial buds divide asymmetrically to form the secondary bronchial buds, two on the left and three on the right, which will give rise to future lobes of each lung. The final round of branching in the embryonic stage occurs at the end of the sixth week of development with the division of the secondary bronchial buds into tertiary bronchial buds on each side which will eventually give rise to the bronchopulmonary segments of the mature lung.Parietal and visceral pleura of the lungs form from somatopleuric and splanchnopleuric layers of mesoderm respectively during weeks 5 to 7. These pleuroperitoneal will later extend caudally and fuse with the posterior edge of the septum transversum to close the thoracic cavity and separate it from the abdominal cavity below. At the end of the embryonic stage, the larynx, trachea, lung primordia, lobe of the lungs and the bronchopulmonary segments have formed.

Pseudoglandular stage – 5-17 weeks

This stage is primarily responsible for the generation of the bronchial tree. The cuboidal epithelium lends the lungs to look similar to exocrine glands, which loosely embed in the extensive pleural mesenchyme in this phase of development. During this stage, the tertiary bronchial buds undergo extensive branching morphogenesis to form the first 20 generations of the respiratory tree in humans by the end of week 16. Differentiation of the respiratory epithelium begins in the proximal airways to form cilia on the surface of the columnar epithelial cells. The splanchnopleuric mesoderm begins to differentiate to give rise to the intrapulmonary arteries, which branch in a similar yet more extensive fashion to the bronchi, supportive cartilage in the airways and surrounding layer of alpha actin. At the end of this stage, the respiratory tree has developed as far as the terminal bronchioles, with the formation of an arterial system, cartilage, and smooth muscle. As the respiratory bronchioles have not developed yet, infants born at this stage will not be able to facilitate gas exchange and hence unable to survive.

Canalicular stage – 16-25 weeks

This stage marks the division between the conducting and respiratory units in the respiratory tree. Elongation and growth of the existing terminal bronchioles form an acinus composed of respiratory bronchioles, each of which gives rise to 3 to 6 alveolar ducts. Intensive angiogenesis of the splanchnic mesenchyme in the mesodermal tissue surrounding the acinus creates a dense capillary network which begins to form the blood-air barrier. During week 20, lamellar bodies begin to appear in the cytoplasm of the cuboidal type II pneumocytes lining the distal epithelium. Lamellar bodies store pulmonary surfactant, composed of lipids and Surfactant Proteins A-C, before exocytotic release into the alveoli. There is little differentiation of type II pneumocytes into squamous type I pneumocytes, which will later form the structural epithelium of alveoli. At this stage, some respiration is possible due to the formation of the gas exchanging portion of the lungs; therefore, infants born at this stage can survive if provided with intensive care. However, they often do not survive due to the lack of surface area for gas exchange and limited production of pulmonary surfactant by type II pneumocytes.

Saccular stage – 24 weeks-birth

During this stage, the gas-exchange surface area of the lungs significantly expands. Growth of the terminal airways reduces the amount of surrounding mesodermal tissue and forms clusters of enlarged airspaces known as terminal sacs or ‘saccules.’ Each saccule is separated by thick primary septa containing a double capillary network, with a central connective tissue layer. Maturation and differentiation of type II pneumocytes into type I pneumocytes results in thin-walled terminal sacs. Capillaries invade the thin walls of the sacculi to form the blood-air barrier composed of type I pneumocytes, thin basement membrane of the capillaries and endothelium, producing a functional surface for efficient gas exchange. Pulmonary surfactant production begins at 24 weeks; however, the production of adequate amounts to prevent atelectasis is not until 32 weeks. Therefore infants born after 32 weeks have a much higher chance of survival than those born at 24 weeks.

Alveolar stage – 36 weeks – 8 years

Prior to birth, immature alveoli appear as bulges from the sacculi which invade the primary septa. As the sacculi continue to increase in size, the protrusions in the primary septa become larger; these new longer and thinner septations are known as secondary septa and are responsible for the final division of the respiratory tree of sacculi into alveoli. Septation occurs at sites where there is increased fibroblast activity and secretion of collagen and elastin fibers into the interstitium. The process of alveolar division continues until 3 years of age, with the majority of divisions occurring within the first 6 months. To create a thinner diffusion barrier. The double layer capillary network fuse into a single network, each one closely associated with two alveoli as maturation progresses.Until the third year of life, enlargement of lungs is a consequence of the increasing number of alveoli; after this point, both the number and size of alveoli increases until the mature lungs form at around 8 years of age.

2. Rotation of the stomach and the formation of the omental bursa.

Answer.

The omental bursa or lesser sac is a hollow space that is formed by the greater and lesser omentum and its adjacent organs. It communicates with the greater sac via the epiploic foramen of winslow, which is known as the general cavity of the abdomen that sits within the peritoneum, but outside the lesser sac. This space has well-defined borders which are represented by certain organs or their parts, so they are quite easy to spot and form a mental image of the omental bursa. In addition, like anything in anatomy, the omental bursa doesn't just exist as a standalone and isolated entity, but rather it communicates with several other spaces and recesses found throughout the body.

Borders

The borders of the omental bursa are demarcated as follows: 

· anteriorly by the quadrate lobe of the liver, the gastrocolic ligament and the lesser omentum

· to the left it is limited by the left kidney and the left adrenal gland

· posteriorly it is walled off by the pancreas

· to the right, the epiploic foramen and lesser omentum can be found and the greater sac beyond that.

The cavity itself is almost completely closed, save its communication with the greater sac and the entrance through the omental foramen and is filled with a capillary film. The greater part of the omental bursa consists of its superior recess which extends cranially between the esophagus and the inferior vena cava.The splenic recess extends to the left between the splenic ligaments and the stomach. Finally, the inferior recess of the omental bursa extends caudally between the stomach and the transverse colon. Other anatomical landmarks of note include a varied number of small peritoneal folds, recesses and fossae which seem to accumulate mostly around the cecum and the duodenum.

Embryology

During embryonic development, the peritoneum is anchored to the gut in the midline of the abdomen anteriorly, with the dorsal mesentery securing it posteriorly. The mesenteric layers develop in an anterior direction around the upper alimentary canal, carrying the blood supply and creating the ventral mesentery.Due to the growth of the organs, they gradually become larger and have to shift in order to fit into the abdominal cavity. The stomach rotates 90 degrees, the spleen is displaced to the left and the liver moves to the right. The peritoneum twists with these movements which lead to the formation of the falciform ligament, the lesser omentum and the coronary ligaments of the liver . Throughout this entire process, the cavity of the lesser sac is created.

· Congenital anomalies include duplication cysts and cystic lymphangiomas.

· A hematoma or a biloma are classed as traumatic injuries.

· Inflammatory states could be due to an abscess, a pseudocyst or even acute pancreatitis.

· Neoplastic changes may lead to the growth of a stromal tumor, a leiomyoblastoma, a leiomyosarcoma, a liposarcoma, a schwannoma, both benign and malignant pancreatic neoplasms that may have endocrine involvement or not, hepatic tumors and desmoid tumors.

· A hydatid cyst indicates a parasitic infestation.

· The only infective cause of a lesser sac disorder as yet known of is tuberculosis.

· Mechanical irritation could potentially be caused by hernias of the cecum, transverse colon, small intestine and gallbladder.

3. Development of the oesophagus.

 Answer.

In early embryogenesis, the esophagus develops from the endodermal primitive gut tube. The ventral part of the embryo abuts the yolk sac. During the second week of embryological development, as the embryo grows, it begins to surround parts of the sac. The enveloped portions form the basis for the adult gastrointestinal tract. The sac is surrounded by a network of vitelline arteries. Over time, these arteries consolidate into the three main arteries that supply the developing gastrointestinal tract: the celiac artery, superior mesenteric artery, and inferior mesenteric artery. The areas supplied by these arteries are used to define the midgut, hindgut and foregut. The surrounded sac becomes the primitive gut. Sections of this gut begin to differentiate into the organs of the gastrointestinal tract, such as the esophagus, stomach, and intestines. The esophagus develops as part of the foregut tube. The innervation of the esophagus develops from the pharyngeal arches.

