
The Gut Tube and the Body Cavities

1. “Tube on Top of a Tube” Concept

• Timeline: 3rd–4th week of development.

• Ectoderm (Top Layer):

○ Forms the neural plate → rolls into a neural 
tube (brain & spinal cord) via neurulation.

○ Location: Dorsal side.

• Endoderm (Ventral Layer):

○ Rolls into the gut tube (future digestive tract).

○ Location: Ventral side.

• Mesoderm (Middle Layer):

○ Connects the neural and gut tubes.

○ Lateral plate mesoderm splits into:

▪ Visceral (splanchnic) layer → intimately 
connected to gut tube.

▪ Parietal (somatic) layer → with overlying 

ectoderm, forms lateral body wall folds.

• Primitive Body Cavity: Space between visceral & 
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• Primitive Body Cavity: Space between visceral & 
parietal layers; initially continuous (no subdivision 

yet).

2. Formation of the Body Cavity

• At the end of the 3rd week, intraembryonic 

mesoderm differentiates into:

1. Paraxial mesoderm → Somitomeres & somites 
(form skull, vertebrae).

2. Intermediate mesoderm → Urogenital system.

3. Lateral plate mesoderm → Body cavity 
formation.

Splitting of Lateral Plate Mesoderm (via clefts forming):

1. Parietal (somatic) layer:

○ Adjacent to surface ectoderm.

○ Continuous with extraembryonic parietal 

mesoderm over the amnion.

○ With ectoderm → Somatopleure.

2. Visceral (splanchnic) layer:

○ Adjacent to endoderm (gut tube).

○ Continuous with extraembryonic visceral 

mesoderm covering yolk sac.
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mesoderm covering yolk sac.

○ With endoderm → Splanchnopleure.

Primitive body cavity = space between parietal & 

visceral layers.

3. Ventral Folding and Closure

• 4th week:

○ Lateral body wall folds form:

▪ Made of parietal layer of lateral plate 
mesoderm + ectoderm + somitic cells 

(migrating via lateral somitic frontier).
○ Endoderm folds ventrally → gut tube forms.

• End of 4th week:

○ Lateral body wall folds meet at midline →
ventral body wall closes.

○ Head & tail folding → fetal position.

○ Closure complete except:
▪ Connecting stalk → future umbilical cord.

• Gut tube closure:

○ Complete except vitelline duct (midgut to yolk 

sac).

○ Vitelline duct:

Incorporated into umbilical cord.
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▪ Incorporated into umbilical cord.

▪ Narrows → degenerates between 2nd–3rd 
month.

4. Important Connections

• Parietal & visceral layers remain continuous at the 

gut tube–posterior body wall junction.

Serous Membranes & Ventral Body Wall Defects

1. Formation of Serous Membranes

• Parietal Serous Membranes:

○ Derived from parietal layer of lateral plate 
mesoderm (lining body wall of primitive 

embryonic cavity).
○ Mesodermal cells become mesothelial cells →

form parietal layer of:

▪ Pericardium

▪ Pleura

▪ Peritoneum

• Visceral Serous Membranes:

○ Derived from visceral layer of lateral plate 
mesoderm.

○ Form visceral layer covering:

Abdominal organs
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▪ Abdominal organs

▪ Lungs

▪ Heart

2. Mesenteries

• Dorsal Mesentery:

○ Continuous connection between visceral & 
parietal layers.

○ Suspends gut tube from posterior body wall 
into peritoneal cavity.

○ Extends from caudal limit of foregut → end of 
hindgut.

• Ventral Mesentery:

○ Present only from caudal foregut → upper 
duodenum.

○ Origin: Thinning of septum transversum 

mesoderm.

○ Contributes to:
▪ Liver connective tissue

▪ Central tendon of diaphragm

• Function:

○ Mesenteries = double layers of peritoneum 

providing pathways for blood vessels, nerves, 

lymphatics.
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lymphatics.

Clinical Correlates – Ventral Body Wall Defects

A. General Mechanism

• Due to failure of ventral body wall closure (usually 
from lateral body wall fold defects rather than 

head/tail folds).

• One/both lateral body wall folds fail to:

○ Progress ventrally

○ Fuse at midline

• Results depend on location:

○ Thorax → Heart exposure (ectopia cordis)

○ Abdomen → Gastroschisis, omphalocele

○ Pelvis → Bladder/cloacal exstrophy

B. Specific Conditions

1. Ectopia Cordis

• Defect: Failure of thoracic ventral closure.

• Result: Heart lies outside thoracic cavity.

• Variants:
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○ Can extend into upper abdomen.

○ Cantrell Pentalogy:

▪ Ectopia cordis

▪ Anterior diaphragm defect
▪ Absent pericardium

▪ Sternal defect

▪ Abdominal wall defect (secondary 
omphalocele).

2. Gastroschisis

• Defect: Abdominal wall closure failure (usually right 
of umbilicus).

• Contents: Intestinal loops herniate directly into 
amniotic cavity (no amnion covering).

• Risks:

○ Amniotic fluid damage (corrosive)

○ Volvulus → ischemia

• Epidemiology:

○ Incidence: 3.5 / 10,000 births

○ Common in thin women <20 years

• Diagnosis:
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○ ↑ Alpha-fetoprotein (AFP) in maternal serum & 
amniotic fluid

○ Fetal ultrasound

• Associations: Not linked to chromosomal 
abnormalities; other defects in ~15% of cases.

3. Bladder & Cloacal Exstrophy

• Pelvic closure defect:

○ Bladder exstrophy: Only bladder exposed; often 
with epispadias in males.

○ Cloacal exstrophy: More severe — bladder & 
rectum (from cloaca) exposed.

4. Omphalocele

• Mechanism: Failure of midgut to return to abdomen 
after physiological herniation (6th–10th week).

• Contents: Loops of bowel ± liver herniate into 

umbilical cord.

• Covering: Amnion reflection over sac (unlike 
gastroschisis).

• Incidence: 2.5 / 10,000 births.

• Associations:
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• Associations:

○ High mortality

○ Cardiac anomalies, neural tube defects

○ Chromosomal abnormalities in 15% of cases
○ ↑ AFP (like gastroschisis)

3. Key Differences Table

Feature Gastroschisis Omphalocele

Defect origin Failure of 
abdominal wall 

closure

Failure of midgut 
return after 

herniation

Covering No covering 
(exposed to 

amniotic fluid)

Covered by amnion

Location Usually right of 
umbilicus

At umbilicus

Associations Rare chromosomal 
link; other defects 

15%

Chromosomal 
anomalies in 15% 

cases

AFP ↑ ↑

Exam Tip
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• Mnemonic for Mesoderm Derivatives (for serous 
membranes question):

○ Parietal → Somatopleure (parietal mesoderm + 

ectoderm)

○ Visceral → Splanchnopleure (visceral mesoderm + 
endoderm)

• AFP ↑ in both gastroschisis & omphalocele →
differentiate by covering presence and origin.

Diaphragm and Thoracic Cavity Development

1. Septum Transversum

• Definition: Thick plate of visceral (splanchnic) 
mesoderm between:

○ Thoracic cavity (primitive)

○ Stalk of yolk sac

• Origin: Surrounds heart; derived from splanchnic 
mesoderm.

• Position Change: Moves between primitive thoracic & 
abdominal cavities when cranial end of embryo 

grows & curves into fetal position.

• Limitation: Does not fully separate thoracic & 
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• Limitation: Does not fully separate thoracic & 
abdominal cavities; leaves pericardioperitoneal 

canals (large openings) on each side of foregut.

2. Lung Bud Expansion & Thoracic Partitioning

• Lung buds grow caudolaterally into 

pericardioperitoneal canals.

• Rapid lung growth → canals narrow → lungs expand 
into:

○ Dorsal body wall mesenchyme

○ Lateral body wall mesenchyme

○ Ventral body wall mesenchyme

• Pleuropericardial folds:

○ Initially small ridges in undivided thoracic cavity.

○ Contain common cardinal veins + phrenic nerves.

• Mesoderm Splits Into:

1. Definitive thoracic wall.

2. Pleuropericardial membranes (extensions of 
pleuropericardial folds).

• Heart Descent:
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○ Shifts common cardinal veins toward midline.

○ Pleuropericardial membranes elongate 

(mesentery-like).

○ Fuse with each other + root of lungs.

• Result:

○ Thoracic cavity divided into:

▪ Definitive pericardial cavity

▪ Two pleural cavities
○ Adult remnant of pleuropericardial membranes = 

fibrous pericardium.

3. Diaphragm Formation

• Pleural cavities still communicate with abdominal 
(peritoneal) cavity via pericardioperitoneal canals.

• Closure:

○ Pleuroperitoneal folds grow medially & ventrally.

○ By 7th week → fuse with:

▪ Mesentery of esophagus

▪ Septum transversum

○ Forms pleuroperitoneal membranes, closing 
communication.

• Peripheral Rim:
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○ Added by body wall mesenchyme expansion.

• Muscular Component:

○ Myoblasts from C3–C5 somites → muscular 
diaphragm.

○ Explains phrenic nerve origin (C3–C5 → "keeps 
the diaphragm alive").

4. Components of the Diaphragm

1. Septum transversum → central tendon.

2. Pleuroperitoneal membranes.

3. Mesentery of esophagus → crura.

4. Muscular ingrowth from C3–C5 somites →
peripheral muscle.

Clinical Correlates – Diaphragmatic Hernias

A. Congenital Diaphragmatic Hernia (CDH)

• Cause: Failure of pleuroperitoneal membranes to 
close canals.

• Incidence: 1 in 2,000 births.
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• Side: Left (85–90% cases).

• Contents in Thorax: Intestines ± stomach, spleen, 

liver.

• Consequences:

○ Heart displacement anteriorly.

○ Lung compression → pulmonary hypoplasia.

• Mortality: ~75% (due to respiratory failure from 
hypoplastic lungs).

B. Parasternal Hernia

• Cause: Partial failure of muscular diaphragm fibers 
to develop.

• Site: Between sternal & costal portions.

• Presentation: Small peritoneal sac with intestine in 
thorax.

• Detection: May present late in childhood.

C. Esophageal Hiatal Hernia (Congenital)

• Cause: Short congenital esophagus.
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• Effect: Upper stomach retained in thorax; 
constriction at diaphragm level.

Summary Table

Structure Embryonic Origin

Central tendon Septum transversum

Muscular diaphragm Myoblasts from C3–C5 
somites

Crura of diaphragm Mesentery of esophagus

Peripheral parts Body wall mesenchyme

Derivation and Development of the Diaphragm

1. Embryonic Components of the Diaphragm

The diaphragm is derived from four main structures:

Component Origin Final Structure

Septum transversum Mesoderm 

(splanchnic)

Central tendon

Pleuroperitoneal 

membranes

Lateral body 

wall 

Closes 

pericardioperiton
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membranes wall 

mesenchyme

pericardioperiton

eal canals

Mesentery of the 
esophagus

Dorsal 
mesentery

Crura of 
diaphragm

Muscular 
components from 

somites C3–C5

Paraxial 
mesoderm

Peripheral 
muscular 

diaphragm

2. Nerve Supply Development

• 4th week:

○ Septum transversum lies opposite cervical 
somites C3–C5.

○ Phrenic nerves (C3, C4, C5 → "keeps the 

diaphragm alive") grow into the septum via 

pleuropericardial folds.

• Lung expansion & septum descent:

○ Pulls phrenic nerves along into the fibrous 

pericardium.

○ Explains why in adults, the phrenic nerve runs 
within fibrous pericardium before reaching 

diaphragm.

3. Positional Changes of the Diaphragm
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3. Positional Changes of the Diaphragm

• Week 4: Opposite cervical somites.

• Week 6: Level of thoracic somites (due to faster 
growth of dorsal embryo—vertebral column—than 

ventral body).

• By 3rd month:

○ Some dorsal diaphragm fibers originate at L1 
vertebra level.

○ Adult diaphragm sits much lower compared to 
early embryonic position.

4. Innervation Summary

• Motor: Phrenic nerve (C3–C5) — entire diaphragm.

• Sensory:

○ Central diaphragm: Phrenic nerve.

○ Peripheral diaphragm: Lower intercostal nerves 
(T7–T11) and subcostal nerve (T12) → because 

peripheral part develops from thoracic wall 
mesenchyme.

5. High-Yield Points for Exams

• Four embryonic sources → often asked as MCQ fill-
in-the-blank.
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in-the-blank.

• The descent of diaphragm explains:

○ Long phrenic nerve course.

○ Referred pain to shoulder tip (C4 dermatome).

• Peripheral sensory supply → lower intercostal 
nerves (T7–T12).

• Rapid dorsal growth (vertebral column) is key to 
positional changes.

Memory Aid:

"Some People Make Cake"

• S – Septum transversum (central tendon)

• P – Pleuroperitoneal membranes

• M – Mesentery of esophagus (crura)

• C – Cervical myotomes C3–C5 (muscle)

Exercise Problems

1. Newborn with left-sided diaphragmatic defect, abdominal viscera in 

thorax and severe pulmonary hypoplasia

Embryological basis

• Failure of closure of the pleuroperitoneal 
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• Failure of closure of the pleuroperitoneal 
membrane (pleuroperitoneal fold) on the left side →

persistent pericardioperitoneal canal.

• Abdominal viscera herniate into the pleural cavity 
during fetal life → compress the developing lung → 

pulmonary hypoplasia (severe).

• This is a congenital diaphragmatic hernia (CDH) —
most commonly left-sided (85–90%).

Why infant cannot breathe

• Lungs are underdeveloped (hypoplastic) and 
compressed by abdominal organs occupying the 

thorax → inadequate pulmonary gas exchange at 
birth → respiratory failure.

Exam points

• CDH → failure of pleuroperitoneal membrane 
closure.

• Left side most common.

• Large defects → high mortality because of 

pulmonary hypoplasia.

2. Large abdominal defect lateral to umbilicus with uncovered bowel 

(not covered by amnion)

Diagnosis & embryological basis
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Diagnosis & embryological basis

• This description matches gastroschisis:

○ Defect in the lateral body wall closure (usually 
to the right of the umbilicus) — lateral body 

wall folds fail to fuse properly.
○ Intestinal loops protrude directly into the 

amniotic cavity and are not covered by amnion 

(contrast: omphalocele is covered by sac/amnion).

Should you be concerned about other malformations?

• Chromosomal anomalies: gastroschisis is not 
typically associated with chromosomal 

abnormalities (unlike omphalocele).

• Other anomalies: additional defects occur in a 

minority (~10–15%) of cases, so screening for 

associated anomalies is recommended.

• Clinical actions/exam points:

○ Maternal serum and amniotic AFP is increased.

○ Prenatal ultrasound usually detects it.

○ Assess for bowel damage from amniotic fluid 
exposure and for associated anomalies (cardiac 

and others) — do targeted fetal ultrasound and 
postnatal evaluation.
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postnatal evaluation.

3. Why does the phrenic nerve originate from cervical segments 

though diaphragm lies in thorax? Which segments?

Explanation

• Embryology: The septum transversum (which 
becomes the central tendon) initially lies opposite 

cervical somites during the 4th week. Myoblasts 
that form the muscular diaphragm migrate from 
cervical somites C3–C5 into the developing 
diaphragm.

• Nerve growth: Motor/sensory axons from the 

corresponding cervical spinal cord levels grow into 

these myoblasts early (phrenic nerve). As the 
embryo elongates and the diaphragm descends to 
the thorax, the phrenic nerve is carried downward 
with the diaphragm — hence a cervical origin but 
thoracic final position.

Segments

• C3, C4, C5 (mnemonic: “C3–4–5 keeps the diaphragm 
alive”).

Clinical/exam points

• Phrenic nerve supplies motor + central sensory 
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• Phrenic nerve supplies motor + central sensory 
fibers to diaphragm.

• Referred pain to the shoulder/neck (C4 dermatome) 

may occur with diaphragmatic irritation (e.g., 

subphrenic abscess).
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