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DEVELOPMENT OF RESPIRATORY SYSTEM
 ผศ.ดร.จริยา อ าคาภาควิชากายวิภาคศาสตร์
 คณะแพทยศาสตร์ มหาวิทยาลัยขอนแก่น
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Objective1. Upper respiratory tract
 - nose, nasal cavity
 - paranasal air sinus & nasal concha
 - olfactory area
 2. Lower respiratory tract
 - larynx
 - trachea & bronchi
 - lung & pleura
 3. Malformations of lower respiratory tract
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
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หนังสือแนะน าให้อ่าน
 1. Larsen WJ. Human embryology. Philadelphia : Bailliere Tindall,
 1994.
 2. Moore KL. The developing human. 6th ed. Philadelphia : W.B.
 Saunders, 1998.
 3. Pansky B. Review of medical embryology. New York : Macmillan
 Publising, 1982.
 4. Sadler TW. Langman’s medical ebryology. 7th ed. Baltimore :
 Williams & Wilkins, 1995.
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
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Development of Upper respiratory system
 1. Stomodeum 2. Frontonasal swelling3. Cardiac bulge 4. Nasal placode5. Pharyngeal arches (2nd and 3rd)6. Mandibular swelling 7. Maxillary swelling
 ปลายสัปดาห์ที่ 4 Ectoderm: nasal (olfactory) placode
 สัปดาห์ที่ 5nasal (olfactory) pitmesenchyme: medial and lateral nasal process (prominence)
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Nose
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 สัปดาห์ที่ 5nasal (olfactory) pitmesenchyme:
 medial nasal process (prominence)lateral nasal process (prominence)
 สัปดาห์ที่ 6medial nasal process
 primodium of nasal septum & bridge
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10th weekEarly7th week
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 สัปดาห์ที่ 7medial nasal process:
 intermaxillary process;philtrummaxilla (incisors)primary palate
 Nasolacrimal duct (canalization)lacrimal sac: inferior meatus
 Maxiallary process + lateral nasal processcheek & maxilla
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Nasal cavity
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 สัปดาห์ที่ 6 nasal pit: nasal sacปลายสัปดาห์ที่ 6 ถงึต้นปลายสัปดาห์ที่ 7 nasal fin, oronasal membraneสัปดาห์ที่ 7 primitive choaca, primary palate
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Palate
 Primary palateสัปดาห์ที่ 6 Primary palate: intermaxillary process
 premaxillary partสัปดาห์ที่ 8 & 9 Secondary palatemaxillary process: palatine self or
 lateral palatine processสัปดาห์ที่ 9 palatine selves + primary palate
 = secondary palate
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Nasal septum
 Nasal septum: ectoderm & mesoderm of frontonasal & medial nasal processedefinitive choana
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Paranasal air sinus
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 1. Maxillary sinus: 5thmonth, nasal sac maxilla; 2. Ethmoid sinus: middle meatus; เจริญสมบูรณ์ในวัยหนุ่มสาว3. Sphenoid sinus: ethmoid sinus sphenoid bone; postnatal month 6 2 years4. Frontal sinus: 5-6 years วัยรุ่น; ethmoid sinus &middle meatus
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Olfactory area
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 สัปดาห์ที่ 5 Nasal placode: 1˚neurosensory cell Olfactory epithelium
 cribiform plate
 สัปดาห์ที่ 6-16nasal pit respiratory epithelium1˚neurosensory cell Olfactory bulb
 Cell of the olfactory bulb
 2˚neurosensory cell Axon of 2˚neurosensory cell: olfactory tract
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Development of Respiratory System• It begins at the end of third week by formation of endodermal
 laryngotracheal groove at floor of pharynx caudal to hypobranchialeminence.
 • Laryngotracheal tube is separated from foregut by formation of tracheo-esophageal septum. This tube elongates till the thorax.
 • Upper part of the tube forms the mucus membrane of larynx while lower part form mucus membrane of trachea and bronchi.
 • The lower end of the tube will divides to form 2 lung buds.• Surrounding mesoderm will form muscles and cartilages of larynx and
 trachea.
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Horizontal section shows the floor of the primordial pharynx and the location of laryngotracheal groove
 • It begins at the end of third week by formation of endodermallaryngotracheal groove at floor of pharynx caudal to hypobranchialeminence.
 Development of Respiratory System
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
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Lower respiratory system
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 • 4-6th week, laryngotracheal tube is separated from foregut by formation of tracheo-esophageal septum. This tube elongates till the thorax.
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Larynx
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 • Epithelial lining ของ larynx เจริญจาก endoderm บริเวณ cranial end ของ laryngotracheal tube
 • Mesenchyme บริเวณ cranial end ของ laryngotracheal tube จะ proliferate อย่างรวดเร็ว เกิดเป็น arytenoids swelling ที่เจริญไปทางลิ้น เป็นเหตุให้ laryngotracheal groove ซึ่งแต่เดิมเป็นช่องแคบ ๆ (slitlike) กลายไปเป็น T-shaped laryngeal inlet
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Larynx
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 • Laryngeal cartilage ทุกชิ้นยกเว้น epiglottis เจริญมาจาก cartilage ของ pharyngeal arch ที่ 4 และ 6
 • Epiglottis เจริญมาจาก cartilage ของ pharyngeal arch ที่ 3 และ 4 หรือ caudal part ของ hypopharyngeal eminence (eminence นี้ เป็นรอยนูนที่เกิดจาก proliferation ของ mesenchyme ในบริเวณ ventral end ของ pharyngeal arch ที่ 4 และ 6 ส่วน rostral part ของ eminence นี้ กลายไปเป็นส่วน posterior one third ของลิ้น)
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 • ในสัปดาห์ที่ 10 Laryngeal epithelium จะ proliferate อย่างมาก ท าให้ laryngeal lumen อุดตันชั่วคราว ต่อมาจะเกิด recanalization ขึ้น โดยมีการสลาย epithelium ให้บางลง ส่งผลให้เกิดเป็น laryngeal ventricle ขึ้น (ventricle นี้ เป็น space ที่อยู่ระหว่าง vocal fold ทาง inferior และ ventricular fold ทาง superior)
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- Laryngeal muscle เจริญจาก myoblasts ใน pharyngeal
 arch ที่ 4 และ 6- กล้ามเนื้อเหล่านี้ เลี้ยงด้วยเส้นประสาท vagus:
 - pharyngeal arch ที่ 4: superior laryngeal n.
 - pharyngeal arch ที่ 6: recurrent laryngeal n.
 - (cricothyroid muscle โดยแขนง external laryngeal
 nerve และ nerve ประจ า pharyngeal arch ที่ 6 คือ bulbar
 accessory nerve (laryngeal muscle ทุกมัดยกเว้น cricothyroid muscle ทาง recurrent laryngeal nerve)
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU

Page 19
                        

Trachea
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Endoderm gives rise to epithelium & glands
 Splanchnic mesoderm gives rise to: connective tissue, muscle & cartilage
 Laryngotracheal tube shows the development of the trachea
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Formation of bronchi
 • 4th week, lung bud bronchial bud (pericardioperitoneal canal).
 • Splanchnic mesenchyme bronchi &lung
 • 5th week, primary bronchus: right bronchus is larger than the left one.
 • A foreign body is more liable to fall in the right bronchus than the left one.
 • The main bronchi subdivide into: secondary bronchi, lobar, segmental and intra segmental branches. Each lobar bronchus undergo progressive branching
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
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Right Cranial lobe
 Right Middle lobe
 Right caudal lobe
 Left Cranial lobe
 Left caudal lobe
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Respiratory bronchioles develop prenatally and postnatally.
 The Surrounding splanchnic mesenchyme provide the bronchi cartilaginous
 plates, smooth muscle, connective tissue, and capillaries.
 As the lungs acquire visceral pleura from the splanchnic mesenchyme.
 The lungs grow to lie close to the heart.
 The thoracic body wall becomes lined by parietal pleura.
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During Development…
 Coelom wraps around lungs (as if the lungs were pushing into a
 mesodermally constructed balloon).
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Pleural cavity
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Pleural cavity
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 5th week: Pleuropericardial foldThe end of 5th week: pleuropericardial fold เชื่อมติดกับ mesenchyme
 of foregut definitive percardial cavity and pleural cavity
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Maturation of the Lungs
 Pseudoglandular period (week 5-17)
 Lungs major elements are formed, except its gas exchange tissue.
 Respiration is not possible. Fetuses born at this period will not survive.
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Maturation of the Lungs
 Canalicular period (week 16-25)
 • Bronchi and terminal bronchioles lumens enlarge
 • Vascularization of Lung tissue
 • Formation of respiratory bronchioles.
 • Increase of alveolar ducts.
 • Respiration is possible at the end of this period
 • Terminal saccules,( primordial alveoli) are formed.
 • Puppy born at the end of this period dies, other systems are immature.
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Maturation of the Lungs
 Terminal Saccular Period (week 24-คลอด)
 • Saccules develop with thin epithelium
 • Capillaries bulge into the lumen of the alveoli.
 • Blood air barrier permits adequate gas exchange.
 • Terminal saccules are lined by squamous epithelial cells, type I alveolar cells
 or pneumocytes, which permit gas exchange.
 • Puppy born at this stage will survive.
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Maturation of the Lungs
 Terminal Saccular Period (week 24-คลอด)
 Capillary network proliferates.
 Type II alveolar cells or pneumocytes secrete pulmonary surfactant.
 *Surfactant forms as a monomolecular film over the internal walls of
 the terminal saccules, to lower surface tension at the air alveolar
 interface.
 Production of surfactant increases during the terminal stages of
 pregnancy.
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Pulmonary Surfactant
 1. Surfactant counteracts surface tension and facilitates expansion of
 the terminal saccules (primordial alveoli).
 2. Surfactant deficiency cause respiratory distress.
 3. Surfactant is adequate in the late fetal period.
 4. Before this, the lungs are
 incapable of providing adequate gas exchange,
 insufficient alveolar surface area
 underdeveloped vascularity
 5. Adequate pulmonary vasculature and sufficient surfactant are
 critical to survival.
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Maturation of the Lungs
 Alveolar Period (later fetal to childhood)Terminal sacs epithelium become squamous.
 Type I alveolar cells become thin and capillaries bulge into the terminal saccules.
 Late fetal period, the lungs are capable of respiration.
 Replacing placental gas exchange to lung gas exchange requires the following lung changes.
 Adequate surfactant in the alveoli
 Lung changes from secretory to gas exchange
 Presence of parallel pulmonary and systemic circulation
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 The Lungs After Birth
 1. Maturation of 95% of alveoli . 2. Respiratory bronchioles and primordial alveoli, increase in number.
 3. Increase of the surface of the air blood barrier.
 4.This increase is due to multiplication of alveoli and capillaries.
 5. About 50 million alveoli, are present in the lungs of a full term
 newborn puppy.
 6. Lung radiographs, of newborn infants are denser than adult
 lungs.
 7. Later , 300 million alveoli are established.
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Breathing movements
 1.Occur before birth. 2.Done by exerting force to cause aspiration of amniotic fluid into the
 lungs.
 3.Fetal breathing movements. (ultrasonography).
 4. Are essential for normal lung development.
 5. At birth the lungs fluid, derived from the
 a. Amniotic cavity,
 b. Lungs,
 c. Tracheal glands.
 6. Lungs aeration at birth, is replacement of intra alveolar fluid by air.
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Clearing Lungs fluid at birth, by three routes:1.Mouth and nose by pressure on the fetal thorax during
 delivery
 2. Pulmonary capillaries into the lymphatic
 3.Pulmonary arteries and veins
 4.Lymph flow is rapid during the first few hours after birth
 and then diminishes.
 Factors for normal lung development:1.Adequate thoracic space for lung growth
 2.Fetal breathing movements
 3.Adequate amniotic fluid volumeAssistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
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Respiratory Distress Syndrome (RDS)
 1. Also known as hyaline membrane disease (HMD).
 2.Surfactant deficiency is a major cause of RDS. 3. Lungs are under inflated
 4. Alveoli contain fluid with high protein content.
 5. Administration of exogenous surfactant (surfactant
 replacement therapy) reduces the severity of RDS
 and neonatal mortality
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
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Congenital Lung Cysts
 1.Cysts (filled with fluid or air)
 2. If several cysts are present, the lungs have a honeycomb appearance
 on radiographs.
 Agenesis of Lungs
 Failure of bronchial buds development.
 Laryngeal Atresia
 Recanalization failure causing airway obstruction syndrome.
 Laryngeal Web
 Incomplete recanalization partially obstructs the airway.
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Malformation of lower RS
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Pulmonary HypoplasiaPulmonary Aplasia
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Malformation of lower RS
 Malformation of tracheoesophageal groove division
 It is usually associated with esophageal atresia
 1. type 1: simple atresia without fistula
 2. type 2: atresia with fistula
 3. type 3: tracheoesophageal fistula
 4. type 4: bronchoesophageal fistula
 5. type 5: double fistula
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Malformation of lower RS
 Esophagotracheal fistula with atresia
 1. Esophageal atrsia without fistula
 Double fistula
 Esophageal
 atresia
 with fistula
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Tracheoesophageal Fistula
 Esophagus ends blindly (esophageal atresia)
 The lower part join the trachea near its bifurcation.
 Swallowed Milk by a puppy regurgitate.
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Tracheoesophageal Fistula Air can not enter distal esophagus
 and Stomach
 Esophageal and Gastric content
 may enter trachea and lung
 Fistula between Trachea
 and Esophagus
 Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Malformation of lower RS
 Pulmonary requestration
 intralobular sequestration
 extralobular sequestration
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Assistant Professor Dr Jariya UMKA/Department of Anatomy/Faculty of Medicine/KKU
 Laryngeal stenosis is a congenital or acquired narrowing of the airwaythat may affect the supraglottis, glottis, and/or subglottis. The subglottis is the most common site of involvement.
 Laryngeal Stenosis
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