Gi tract embryology 1

If the membrane persists (we create an
imaginary line), it will extend to:

Body of sphenoid
Soft palate

Inner surface of the mandible, inferior to
the incisor teeth

Structures that are anterior to this plane
are ectodermic in origin(epithelium) like:

Hard palate

Sides of the mouth
Lips

Enamel of the teeth

Bucco Phargreeal
membrane

Membranous oapsule over eerebral hemisyhere

Fronlo-nasal process

Stomodeun

Lateral nasal process
Ly

(lobular process
Mazilary process

Nandibular arch

Hyomandbular cleft

Development of the oral cavity

The mouth has 2 sources of
development:

1. depression in the stomodeum
(lined with ectoderm)

2. cephalic end of the foregut(lined
with endoderm)

These two points are separated by the
buccopharyngeal membrane

During the[3™ week]of development

the membrane disappears
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Structures situated posterior to this plane are

derived from endoderm:

Tongue b s

Soft palate —— ugs woet

Palatoglossus and palatopharyngeal folds

Floor of the mouth



« walls of the developing mouth

Development of the salivary glands

During the[Z" weeK it arises as a

solid outgrowth of cells from the

These cells will grow into the
underlying mesenchyme

The epithelial buds will go through
repeated branching to form solid
ducts

The ends of these ducts will form
the secretory acini, and they will
both go through canalization
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Copula (HRE)
The tongue appears in embryos
of approximately[4 weeks]in the
form of two lateral lingual
swellings and one medial
swelling, the tuberculum impar

Development of the Tongue

m Tongue develops where the stomodeum
These three swellings originate
and pharynx meet,

from the first pharyngeal arch.

A second median swelling, the
copula, or hypobranchial
eminence, is formed by
mesoderm of the second, third,
and part of the fourth arch.

Finally, a third median swelling,
formed by the posterior part of
the fourth arch, marks )
development of the epiglottis. epiglottal

swelling

eminence

Thesurrounding mesenchyme will condense to form:
The capsule of the gland

Septa that divide the gland into different lobes and
lobules

The ducts and acini of the parotid gland are both
derived from the ectoderm

Submandibular and sublingual glands are derived from
the endoderm

Immediately behind this swelling is the
laryngeal orifice, which is flanked by the
arytenoids swellings

Development of the Tongue (par 1)

As the lateral lingual swellings increase in
size, they overgrow the tuberculum impar
and merge, forming the anterior two-
thirds, or body, of the tongue

Since the mucosa covering the body of
the tongue originates from the first
pharyngeal arch, sensory innervation to
this area is by the mandibular branch of
the trigeminal nerve.

The body of the tongue is separated from
the posterior third by a V-shaped groove,
the terminal sulcus




The posterior part, or root, of the
tongue originates from the second,
third, and part of the fourth
pharyngeal arch.

Development of the Tongue (part 3)

median
The fact that sensory innervation to sulcus
this part of the tongue is supplied by
the glossopharyngeal nerve
indicates that tissue of the third arch
overgrows that of the second.
(J-~terminal
The epiglottis and the extreme sulcus
posterior part of the tongue are A circumuillate
innervated by the superior laryngeal papilia
nerve, reflecting their development
from the fourth arch.
epiglottis

Development of the pharynx

The pharynx develops in the neck from the
endoderm of the foregut

The endoderm is separate from the surface
ectoderm by mesenchyme Pharyngeal
The mesenchyme in each side splits up to 5-6 pouches
arches

Each arch forms a swelling on the surface of
the walls of the foregut

As a result of these swellings a series of clefts
are seen between the arches....pharyngeal
clefts

Pharyngeal (

arches
Similar grooves are found on the lateral walls
of the foregut.....pharyngeal pouches

The foregut on this level is known as the
pharynx

we tee __rami of the spinal nerves

muscies

* Some of the tongue muscles probably differentiate in

situ, but most are derived from myoblasts originating
in occipital somites.

* Thus, tongue musculature is innervated by the

hypoglossal nerve.

* Special sensory innervation (taste) to the anterior two

thirds of the tongue is provided by the chorda tympani

* branch of the facial nerve, while the posterior third is

supplied by the glossopharyngeal nerve.

Development of the anterior
abdominal wall

Following the segmentation of the
mesoderm, the lateral mesoderm
divides into:

Somatic layer
Splanchic layer
Both lined by endo and ectoderm

Lateral Plate Mesoderm Further Divides into
Somatopleuric mesoderm and
Splanchnopleuric mesoderm.

i becomes visceral
mesoderm which form serous membranes that  mesoderm which form serous membranes that
The ant. Abdominal wall is derived from line the peritoneal, pleural, and pericardial line each organ.

the somatoplueric mesoderm and they e
retain their innervation from the ventral

The somatoplueric mesoderm then
tangentially divides into three layers:

Ext. oblique
Int. oblique
Trans. abdominus

See Pai
e muscies mesodem




The rectus abdominus muscle
retains the indications of the
segmental origin (the presence
of tendinous intersections)

Finally the abd. Wall right and
left sides of mesenchyme
fuses together at 3 months
into the midline to form the
linea alpa.

On either side of the lina alpa
the rectus muscles lies within
their rectus sheaths
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Vitelline Duct Abnormalities

In 2 to 4% of people, a small
portion of the vitelline duct
persists, forming an
outpocketing of the ileum,
Meckel’s diverticulum or ileal
diverticulum

In the adult, this diverticulum,
approximately 40 to 60 cm
from the ileocecal valve on the
antimesenteric border of the
ileum, does not usually cause
any symptoms.

However, when it contains
heterotopic pancreatic tissue

or gastric mucosa, it may cause -2 types
of heierolof

ulceration, bleeding, or even
perforation.
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Development of the umblicus and the
umblical cord

~

The amnion and the chorion fuse together A5 u A

/." N \k
The amnion encloses the body stalk and the v W'Jarton's N
yolk sac with their blood vessels to form the jelly A
tubular umbilical cord placental S A

o vein
The mesenchyme core of the cord (whartons 0 ¥ K
jelly) form a loose connective tissue which
embed the following:

Remains of yolk sac

GN T T —>Obliied

Vittelline duct right vein

Remains of allantois L

Umbilical blood vessels .
L,gamerﬂum
venosum

We have%that carrie
blood'from the fetus to the chorion (placenta)

Aenton
*  2veins carry oxygenated blood from the . placental
placenta artery .
¢, but the right vein will soon disappear .;.,?b\.«mm \\ - placental arteLy 4
deres ~ - B
Human embry and fetal e /,«
six weeks six weeks three months Place ntal GQrd o :
allantoic inter- B i I il

umbilical cord

uterine cavity chorion

cervical canal

embryo within halved amnion,
chorion, and uterus
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fetus within halved amnion,
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chorion, and uterus

* Sometimes both ends of the vitelline duct

transform into fibrous cords, and the middle
portion forms a large cyst, an enterocystoma,
or vitelline cyst

Omphalomesenteric duct cyst B u‘%-"
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Formation of the Lung Buds

When the embryo is approximately 4
weeks old, the respiratory
diverticulum (lung bud) appears as an
outgrowth from the ventral wall of the
foregut

The location of the bud along the gut
tube is determined by signals from the
surrounding mesenchyme, including
fibroblast growth factors (FGFs) that
“instruct”the endoderm.

Hence epithelium of the internal lining
of the larynx, trachea, and bronchi, as
well as that of the lungs, is entirely of
endodermal origin.

The cartilaginous, muscular, and
connective tissue components of the
trachea and lungs are derived from
splanchnic mesoderm surrounding the
foregut

Pharyngeal region

Cloacal
membrane

61C Lung bud intiation and branching
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Initially the lung bud is in open
communication with the foregut

When the diverticulum expands caudally,
however, two longitudinal ridges, the
tracheoesophageal ridges, separate it
from the foregut

Subsequently, when these ridges fuse to
form the tracheoesophageal septum,
the foregut is divided into a dorsal
portion, the esophagus, and a ventral
portion, the trachea and lung buds

The respiratory primordium maintains its
communication with the pharynx
through the laryngeal orifice

Esophagotracheal
ridge Foregut

Respiratory & 8
diverticulum § 38

A

B
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The Foregut

+ Atfirst the esophagus is short

Esophagotrachoal
* but with descent of the heart
and lungs it lengthens rapidly

—Pharyny

Gl embryology 2
ry gy * The muscular coat, which is
formed by surrounding
splanchnic mesenchyme, is
striated in its upper two-thirds
and innervated by the vagus;

Tracheg

» the muscle coat is smooth in
the'lower third and is
innervated by the splanchnic
plexus.

Esophageal Abnormalities

* |n additi to atre%as the
umen of the esop
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Proximal bind-

tracheoesophageal fistula results either
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Esophageal atresia and/or [f E

end part of = agUS may
from spontaneous posterior deviation of Tachen ssphages S S narro ro ucm / \ / \ /
the tracheoesophageal septum or from g . = eso ﬁ ﬁ osjs,
some mechanical factor pushing the Biucain Trutureuptogel (S 5 : USU the lower third
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In its most common form the proximal A st c vascular a normali hes or Diaphragn | Esophagus
part of the esophagus ends as a blind esophagus cide tS at compromise
sac, and the distal part is connected to gf: P Stomach

the trachea by a narrow canal just above
the bifurcation

S . ca3| nally the espphagus
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Other typeﬁ Iof deffects in }hIS region E» IS u?

occur much less frequently ,.‘QE eSO a eal hia US
5 & roug the ragm.

Atresia of the esophagus prevents N
normal passage of amniotic fluid into the C_—sL « The
intestinal tract, resulting in accumulation hiat:
of excess fluid in the amniotic sac

(polyhydramnios). ) ‘ Normal Esophagus Sliding Paraesophageal

Figure 13.7 Variations of esophageal atresia and/or tracheoesophageal fistula in order
Homan emoryologcal end feta development of their frequency of appearance: A, 90%; B, 4% C, 4% D, 1% and E, 1% and Stomach Hiatus Hernla Hiatus Hernla
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Development of the glands

Most glands are formed durin,

Eptineiium

development by proliferation o e e
epithelial cells so that they

project into the underlying Connectne

connective tissue s

Some glands retain their

continuity with the surface via a g ...
ductiand are known —— : satace spanann

as EXOCRINE GLANDS, as oI, ‘ inerying tsue

they maintain contact with

the surface

Other glands lose this direct
continuity with the surface
when their ducts degenerate
during development. These
glands are known
as ENDOCRINE glands, and
they lose contact with the
urface.

Endocrine glands are either
arranged in cords or follicles
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STOMACH

The stomach appears as a Longiudinl
fusiform dilation of the foregut fuldion ad
in the[fourth week]of AN
development ~

Lesser

curvature ~
Stomach

During the following weeks,
its appearance and posmon
change greatly as a result of \
the different rates of growth in DU o
various regions of its wall and A B ¢

the changes in position of Esophagus
surrounding organs EJ

Lesser
Positional changes of the Anercsny cunare
stomach are most easily >
explained by assuming that it
rotates around a longitudinal \

and an anteroposterior axis

\

Greater
cunvature

\

'y Greater

D Pylorus © cunature

Figure 13.8 A, B, and C. Rotation of the stomach along its longitudinal axis as seen
anteriorly. D and E. Rotation of the stomach around the anteroposterior axis. Note the
change in position of the pylorus and cardia.
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OMal intestine

Since the stomach is attached to

the dorsal body wall by the dorsal
mesogastrium and to the ventral

body wall by the ventral
mesogastrium its rotation and

disproportionate growth alter the

position of these mesenteries.

Rotation about the longitudinal axis
pulls the dorsal mesogastrium to

the left, creating a space behind
the stomach called the omental

bursa (lesser peritoneal sac)

This rotation also pulls the ventral

mesogastrium to the right.

The spleen, which
remains intraperitoneal,
is then connected to the
body wall in the region
of the left kidney by the
lienorenal ligament
and to the stomach by
the gastrolienal
ligament

Lengthening and fusion
of the dorsal
mesogastrium to the
posterior body wall also
determine the final

position of the pancreas.

Dorsal masogasirium

Omental
bursa

-Slomach

—|assar
omentuf

A B

Figure 13.9 A, Transverse section through a 4-week embryo showing intercellular
clefts appearing in the dorsal mesogastrium. B and C. The clefts have fused, and the
omental bursa is formed as an extension of the right side of the intraembryonic cavity
behind the stomach.

Lesser omentum  gomach
Spleen

Lienorenal
ligament

Dorsal
mesogastrium

Dorsal
pancreas

Falcorm
ligament

\omend

Falciform ligament bursa

Al Unbicd
vein Gastrolienal

ligament

Figure 13.10 A, The positions of the spleen, stomach, and pancreas at the end of the
fifth week. Note the position of the spleen and pancreas in the dorsal mesogastrium. B,
Position of spleen and stomach at the 11th week. Note formation of the omental bursa
or lesser peritoneal sac.
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As this process continues in
the fifth' week of
development, the spleen
primordium appears as a
mesodermal proliferation .
between the two leaves of in the
the dorsal mesogastrium —— resser
Sac? B
With continued rotation of Not .7
the stomach, the dorsal

mesogastrium lengthens, e
and the portion between the
spleen and dorsal midline
swings to the left and fuses
with the peritoneum of the
posterior abdominal wall Pancreas
Dorsal
. BT masogasiri wes
The posterior leaf of the i -
dorsal mesogastrium and Duodensen
the peritoneum along this
line of fusion degenérate Grester
one nd wm
Trasaverse
wesorclon
Transcerse
codom

Pyloric stenosis
occurs when the
circular and, to a
lesser degree, the
longitudinal
musculature of the
stomach in the region
of the pylorus
hypertrophies

Narrowed (stenosed)
pyloric sphincter

One of the most
common abnormalities
of the stomach in
infants, pyloric

stenosis is believed to \\l Y // Junction of stomach
ICiI f%v(ez’l,og) (il,\ll,lerg] kgsfetal \ ) and duodenum
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At the end of the third
week, intraembryonic
mesoderm on each side of
themidline differentiates
into a paraxial portion, an
intermediate portion, and a
lateral plate

When intercellular clefts
appear in the lateral
mesoderm, the plates are
divided into two layers: the
somatic mesoderm layer
and the splanchnic
mesoderm layer.

The latter is continuous
with mesoderm of the wall
of the yolk sac

Initially the foregut, midgut, and hindgut are
in broad contact with the mesenchyme of
the posterior abdominal wall

By the fifth week however, the connectin
tissue bridge has narrowed, and the caudal
part of the foregut, the midgut, and a major
part of the hindgut are suspended from the
abdominal wall by the dorsal mesentery

the dorsal mesentery extends from the
lower end of the esophagus to the cloacal
region of the hindgut

In the region of the stomach it forms the
dorsal mesogastrium or greater
omentum; in the region of the duodenum it
forms the dorsal mesoduodenum; and in
the region of the colon it forms the dorsal
mesocolon.

Dorsal mesentery of the jejunal and ileal
loops forms the mesentery proper.

» The space bordered by these
I_a)(ers forms the .
intraembryonic cavity
(body cavity).

The peritoneal cavity is
derived from the
intraembryonic coleam
caudal to the septum

—Paraxial mesoderm °

Intermediate cell mass

L= _— =Y
ateral plate mesoderm S e Lans transversum
<F Diaphragm
Jevelopment .

At first the right and left sides
of the intraembryonic CaV_ItK
are in open connection witl
the extraembryonic cavity,
but when the body of the
embryo folds cephalocaudally
and laterally, this connection

Ammolic cavity

giving the abdominal

giuing the GI layers (-Mucosa)

Giut

Commumcation with
cxtra-cmbryonic coclom

Yolk s

Transverse Section Stomach

lienorenal
ligament
spleen

is lost
Oblitration of e Vitsline
. Peritoneum Posterior Abdominal
of posterior wall
Stomach abdominal wall
Dorsal
Pancreas
% £ Duodenum
st
Ventral
1 Mesentery
of transverse
Omental I .
bursa
Greater Greater omentum
omentum

A

 Smallntestina loop

Figure 13,13 A, Sagittal section showing the relation of the greater omentum, stom-
ach, transverse colon, and small intestinal loops at 4 months. The pancreas and duode-
num have already acquired a retroperitoneal position. B. Similar section as in A, in the
newbomn, The leaves of the greater omentum have fused with each other and with the
transverse mesocolon. The transverse mesocolon covers the duodenum, which fuses
with the posterior body wall to assume a retroperitoneal position.

gastrosplenic
ligament
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« Rotation about the longitudinal axis pulls the
dorsal mesogastrium to the left, creating a
space behind the stomach called the omental

L

v _.".b Do il’_

ver Into the mesen

contents the, gegt%m transversum
|¥| es

into

e ventral mesentery

‘ :; |

U
/’/ //// /,
Y

iz

bursa (lesser peritoneal sac | Spken
U ot g?? the lesser omentum, +  As a result of rotation of the stomach about its | onenta
tending from the lower formation of anteroposterior axis, the dorsal mesogastrium Vs
ortion or the, esophagus bulges down " Stomach
§ ort ach tnd hepr:o S ’ct)pteon lesser sac
, u i oy Bl S
0} the duodenum to t’%e liver, ¥9 + It continues to grow down and forms a double- iy O Lamromenin . il sty a:ple:”
layered sac extending over the transverse Falofom igament pormnamn, - Cosoiend Ener
« and [gb the falci °r|l—n|i ament, colon and small intestinal loops like an apron of oy ek
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LIVER AND GALLBLADDER

oblilerates o teres

. The free margin of the falciform ligament contains the umbilical vein *+  The liver primordium appears in the
middle of the third week as an
outgrowth of the endodermal epithelium _
+ which is obliterated after birth to form the round ligament of the at the distal end of the foregut sty "™
cntents liver (ligamentum teres hepatis). g
« This outgrowth, the hepatic Somach
of 4he ) ] diverticulum, or liver bud, consists of o omac —
 The free margin of the lesser omentum connecting the duodenum {ﬁpldly L:rollf?ratmg cells theﬁ1 ptenettrﬁlte Lier bud e
N and liver (hepatoduodenal ligament) contains the bile duct, portal mgsf)%%r‘r’n"gl F’)Iaa’;gvkgm’e'gh thae s, the Ve D Set_ (@RI St
vein, and hepatic artery (portal triad). pericardial cavity and the stalk of the ey - e R A 8 Duoderun
(IASIL | yolk sac o :

» This free margin also forms the roof of the epiploic foramen of

Winslow, which is the opening connecting the omental bursa (lesser * While hepatic cells continue to

. . . enetrate the septum, the connection
sac) with the rest of the peritoneal cavity (greater sac) between the hep‘;ﬁc diverticulum and I\ Coaca
the foregut (duodenum) narrows, mermbrane
forming the bile duct A B

Figure 13.14 A, A 3-mm embryo (approximately 25 days) showing the primitive gas-
trointestinal tract and formation of the liver bud. The bud is formed by endoderm lining
the foregut. B. A 5-mm embryo (approximately 32 days). Epithelial liver cords penetrate
the mesenchyme of the septum transversum.

* A small ventral outgrowth is formed by
the bile duct, and this outgrowth gives
rise to the gallbladder and the cystic
duct

Liver and Gallbladder
Abnormalities

*  During further + Variations in liver lobulation are
development, epithelial liver common but not clinically significant,

Formation of

liver parts s-

0 sinusoids cords intermingle with the . Bare area of liver o#mesr?tﬁ’m Dorsal Acce_sso_ry hepatic ducts and r[-)‘ﬂ;?mj;‘jl 0 ¢
vitelline and umbilical veins, Thyod  Diaphragm mesogasirum duplication of the gallbladder are AL g gy Oystc duet
which form hepatic N ; also common and usually , bl ) "
sinusoids . e asymptomatic Mol duct -

Falciform . ] A =
1z - . - sav ] ligament + However, they become clinically
2| Hepatazyies »  Liver cords differentiate into / | Gallbladder important under pathological

T4 kupFrer ceiis

& cr

the parenchyma (liver
cells) and form the lining of
the biliary ducts.

Hematopoietic cells,
Kupffer cells, and
connective tissue cells
are derived from mesoderm
of the septum transversum.

Cloacal membrane
A B

Figure 13.15 A. A 9-mm embryo (approximately 36 days). The liver expands caudally
into the abdominal cavity. Note condensation of mesenchyme in the area between the
liver and the pericardial cavity, foreshadowing formation of the diaphragm from part
of the septum transversum. B. A slightly older embryo. Note the falciform ligament
extending between the liver and the anterior abdominal wall and the lesser omentum
extending between the liver and the foregut (stomach and duodenum). The liver is
entirely surrounded by peritoneum except in its contact area with the diaphragm. This
is the bare area of the liver.

conditions. In some cases the ducts,
which pass through a solid phase in
their development,fail to recanalize

This defect, extrahepatic biliary
atresia, occurs in 1/15,000 live births.

patients with extrahepatic biliary
atresia, 15 to 20% have patent
proximal ducts and a correctable
defect, but the remainder usually die
unless they receive a liver transplant

[ P 1 |
(albladder  § Mo Duplication of
gallbladder

A Dusdenalloop

Figure 13,20 A, Obliteration of the bile duct resulting i distention of the gallbladder

and hepatic ducts distalto the obliteration. B. Duplication of the gallbladder.
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Another problem with duct
formation lies within the liver
itself; it is intrahepatic
biliary duct atresia and
hypoplasia

This rare abnormality
(1/100,000 live births) may
be caused by fetal infections.

It may be lethal but usually
runs an extended benign
course.

The duodenum and head of the
pancreas press against the dorsal
body wall, and the right surface of the
dorsal mesoduodenum fuses with the
adjacent peritoneum.

Both layers subsequently disappear,
and the duodenum and head of the
pancreas become fixed in a
retroperitoneal position C:MOdenum
pancreas

The entire pancreas thus obtains a
retroperitoneal position.

The dorsal mesoduodenum
disappears entirely except in the
region of the pylorus of the stomach,
where a small portion of the
duodenum (duodenal cap) retains its
mesentery and remains intraperitoneal

mesaducdenum Remains =p intraperitoneal

Oisappears = Retrroperitoneal

Dorsal
mesoduodénum

Pancreas and
duodénum In
fetropertonoal

Bload

Figure 13,17 Transverse sections through the region of the duodenum at various
stages of development. At first the duodenum and head of the pancreas are located
in the median plane (A}, but later they swing to the right and acquire a retroperitonel &APB
position ().

DUODENUM

The terminal part of the foregut and the cephalic part of
the midgut form the Duodenum

The junction of the two parts is directly distal to the origin
of the liver bud

As the stomach rotates, the duodenum takes on the form
of a C-shaped loop and rotates to the right = rign cwncauiry

This rotation, together with rapid growth of the head of
the pancreas, swings the duodenum from its initial
midline position to the left side of the abdominal cavity

Al tubes undergo s process

During the second

month, the lumen of the

duodenum is‘obliterated Caviy
by proliferation of cells in fomeen
its walls. |

However, the lumen is
recanalized shortly
thereafter

Since the foregut is
supplied by the celiac
artery and the midgut is
supplied by the superior
mesenteric artery, the
duodenum is supplied by Sodshgn  Recanaizaion
branches of both arteries

Figure 13.18 Upper portion of the duodenum showing the solid stage (A) and cavity
formation (B) produced by recanalization.
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PANCREAS

The pancreas is formed by two buds
originating from the endodermal lining of
the duodenum

Whereas the dorsal pancreatic bud is in
the dorsal mesentery, the ventral
pancreatic bud is close to the bile duct

When the duodenum rotates to the right
and becomes C-shaped, the ventral
pancreatic budmoves dorsally in a manner
similar to the shifting of the entrance of the
bile duct

Finally the ventral bud comes to lie
ik;nr(?ediately below and behind the dorsal
u

Later the parenchyma and the duct
systems of the dorsal and ventral
pancreatic buds fuse

Livor bud Y Ry
< "y [

~lomach |

Hepslc |

e,
Gallblacder ._ {1| Dersal [orsal pancrass
L |
Venird pancraae bud
sancreatc bud Vanteal pancrees |

Figure 13.21 Stages in evelopment ofthe pancreas. A, 30 days (approximately S mm).
B. 35 days (approximately 7 mm). nitally the ventral pancreatic bud ies closetothe liver
bud, but later it moves posteriorly around the duodenum toward the dorsal pancreatic
bud.

Insulin secretion begins at approximately

the fifth month

Glucagon- and somatostatin-secreting
cells also develop from parenchymal cells.

Splanchnic mesoderm surrounding the
pancreatic buds forms the pancreatic

connective tissue

$°rma+\on
of the pancreatic

ducks

* head
Uncinate

The ventral bud forms the uncinate

process and inferior part of the head of the

pancreas

The remaining part of the gland is derived
from the dorsal bud.

The main pancreatic duct (of Wirsung) is

formed by the distal part of the dorsal
pancreatic duct and the entire ventral
pancreatic duct

The proximal part of the dorsal pancreatic
duct either is obliterated or persists as a
small channel, the accessory pancreatic
duct (of Santorini).

In the third month of fetal life, pancreatic
islets (of Langerhans) develop from the
parenchgmatous pancreatic tissue and
scatter throughout the pancreas

Acoaary F\

W

ﬂ:m[ [ /) pancreat Bl gl 4 pancraate
pole| Jrgly o et
Major \, L " {Uncinita procoss
pincragle

B Vaniral pancreati duct

Figure 13,22 A, Pancreas during the futhweekof development, Theventral pancreatic
budis n close contactwith the dorsalpancreatic bud. B Fuson ofthe pancreaticducts,
The main pancreaicduct enters the duodenum in combination with the bileduct atthe
miaor papila. Th accessory pancreaic duct (when present) entrs the uodenum at
the minor papil,

Pancreatic Abnormalities

The ventral pancreatic bud consists
of two components that normally
fuse and rotate around the
duodenum so that they come to lie
below the dorsal pancreatic bud

Occasionally, however, the right

portion of the ventral bud migrates
along its normal route, but the left
migrates in the opposite direction.

In this manner, the duodenum is
surrounded by pancreatic tissue,
and an annular pancreas is formed

The malformation sometimes
constricts the duodenum and
causes complete obstruction

Hapate ducl
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Figure 13,23 Annular pancreas, The ventral pancreas splits and forms a ring around
the duodenum, occasionall resulting in duodenal stenoss.



* Accessory pancreatic tissue may be
anywhere from the distal end of the
esophagus to the tip of the primary
intestinal loop
Ectopic pancratic

» Most frequently it lies in the mucosa of the '
stomach and in Meckel’s diverticulum, Hssue
where it may show all of the histological
characteristics of the pancreas itself.
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Midgut

the midgut is suspended from the dorsal
abdominal wall by a short mesentery and
communicates with the yolk sac by way
of the vitelline duct or yolk stalk

© Lungbud

Over its entire length the midgut is
supplied by the superior mesenteric
artery

Development of the midgut is
characterized by rapid elongation of the
gut and its mesentery, resulting in

formation of the primary intestinal loop Refiit

of the
buccopharyngeal
membrane

Vitelline duct

At its apex, the loop remains in open
connection with the yolk sac by way of

N\ Alantois
the narrow vitelline duct \

iP Not completely obliterated D Yolk sac

Hontage by O Aynan Kfanfour

1 e

(Fibrous band)

(Vitellne fistula) (Vitellin sinus)

i Umbilicus e ‘
)

(Vielinecyst
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In the adult the midgut begins immediately
distal to the entrance of the bile duct into
the duodenum

terminates at the junction of the proximal
two-thirds of the transverse colon with the
distal third.

The cephalic limb of the loop develops into
the distal part of the duodenum, the
jejunum, and part of the ileum.

The caudal limb becomes the lower portion
of the ileum, the cecum, the appendix, the
ascending colon, and the proximal two-
thirds of the transverse colon.

’primarj iniestinal  \loop

cephalic limp
Caudal limb
(L
".’ «—Stomach
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intestinal loop __ - ¥ | Superior
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Py artery
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Vitelline [ #£9k
duct e
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Caudal limb of primary
intestinal loop

PHYSIOLOGICAL HERNIATION

Development of the primary intestinal loop is
characterized by rapid elongation, particularly of
the cephalic limb—s s ionger

As a result of the rapid growth and expansion of
the liver, the abdominal cavity temporarily
becomes too small to contain all the intestinal
loops, and they enter the extraembryonic cavity

in the umbilical cord during the[sixth week|of

development (physiological umbilical herniation)
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ROTATION OF THE MIDGUT

Coincident with growth in length, the
primary intestinal loop rotates around an axis
formed by the superior mesenteric artery

When viewed from the front, this rotation is
counterclockwise, and it amounts to
approximately 270° when it is complete

Even during rotation, elongation of the small
intestinal loop continues, and the jejunum
and ileum form a number of coiled loops

(A

."l' ﬁ-Stomach

ic li —>1e ax

The large intestine likewise lengthens Cephqllc limb the axis
considerably but does not participate in the of primary 3
coiling phenomenon. intestinal IOOp 2 -~ Superior
Rotation occurs during herniation (about mesenteric
90°) as well as during return of the intestinal artery
loops into the abdominal cavity (remaining - |
180°) Vitelline

herniaton Siep = 0° oy . duct-ga—m

PoSt - herniakon = 130° cow | L 270 ccw A Caudal limb of primary

intestinal loop

RETRACTION OF HERNIATED LOOPS

So, herniation process
takes 4 weeks
During the [LOth week,|herniated

intestinal loops begin to return
to the abdominal cavity.

is thought that regression of the
mesonephric kidney, reduced
growth of the liver, and
expansion of the abdominal
cavity play important roles.

The proximal portion of the
jejunum, the first part to reenter
the abdominal cavity, comes to
lie on the left side o
0 0o
R L
The later returning loops

gradually settle more and more
to the right.

LvOorred orientation

But- cacum (S Uuptarsls

Vitelline

Jejunoileal

The cecal bud, which appears
at about the sixth week as a
small conical dilation of the
caudal limb of the primary
intestinal loop, is the last part
of the gut to reenter the
abdominal cavity.

Temporarily it lies in the right
upper quadrant directly below
the right lobe of the liver

From here it descends into the
right iliac fossa, placing the
ascending colon and hepatic
flexure on the right side of the
abdominal cavity

-
1Hialnpveise
Duodenum colon
1ach

Hepatic
flexure

Ascending
colon

Appendix
B

Sigmoid

.
+his is Why
apPendix is
retfocecal

During this process the
distal end of the cecal bud
forms a narrow
diverticulum, the appendix

Since the appendix
develops during descent of
the colon, its final position
frequently is posterior to
the cecum or colon.

These positions of the
appendix are called
retrocecal or retrocolic,
respectively

/
\iteline duct”

Figure 13,28 Successive stages in development of the cecum and appendiv. A. 7
Weeks. B, 8 weeks. C. Newborn,



MESENTERIES OF THE INTESTINAL
LOOPS

The mesentery of the primary
intestinal loop, the mesentery

Dorsal mesogastrium Dorsal mesogastrium Cut edge of

After fusion of these layers, the ascending
and descending colons are permanently
anchored in a retroperitoneal position.

Retrocecal

proper, un.dergoes.profound N fusedwith fused i _ grederomentum position of
changes with rotation and coiling dbdominal\\f™ N o posteror Remsin <« +  The appendix, lower end of the cecum, and . if
of the bowel. vll m—— vall intaperifoneal  sigmoid colon, however, retain their free Tenia vermiiorm
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° mesentery twists around the colon 447 - " 74 Trnsverse " leyes
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- merging Wi PAW artery \ % b i of trans. the hepatic er;(ure of t?e ascending colon
r y { to the splenic flexure of the descendin, —
 Des & b ; L 3 mesacalon fo the sp g Cecum
* Later, when the ascending and P e 54 Mesocolon fused with R
descending portions of the colon abiominal vall abdominal wall ol
obtain their definitive positions, Sgrig Vs poper Slgmoyd
their mesenteries press against fesocoon
the peritoneum of the posterior Figure 13.30 Frontal view of the intestinal loops with (A) and after removal of (B) {he Vermiform appendix/
abdominal wall* greater omentum. Gray areas, parts of the dorsal mesentery that fuse with the posterior
—_— abdominal wall. Note the line of attachment of the mesentery proper.
* Becoming reiopertonal
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Gut Rotation Defects
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Reversed rotation of the intestinal loop
occurs when the primary loop rotates
90° clockwise

In this abnormality the transverse colon
passes behind the duodenum and lies
behind the superior mesenteric artery.

Duplications of intestinal loops and
cysts may occur anywhere along the
length of the gut tube

They are most frequently found in the
region of the ileum, where they may
vary from a long segment to a small
diverticulum.

Symptoms usually occur early in life,
and 33% are associated with other
defects, such as intestinal atresias,
imperforate anus, gastroschisis, and
omphalocele

—-Mosiy associated with viteline
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Figure 13.33 A. Abnormal rotation of the primary intestinal loop. The colon is on the
[eft side of the abdomen, and the small intestinal loaps are on the right. The ileum
enters the cecum from the right. B. The primary intestinal loop s rotated 90 clockwise
(reversed rotation). The transverse colon passes behind the duodenum,

Body Wall Defects

Omphalocele involves herniation of
abdominal viscera through an enlarged
umbilical ring.

The viscera, are covered by amnion.

The origin of the defect is a failure of the
bowel to return to the body cavity from its
physiological herniation

Omphalocele occurs in 2.5/10,000 births
and is associated with a high rate of
mortality (25%) and severe malformations,
such as cardiac anomalies (50%) and neural
tube defects (40%).

Approximately half of live-born infants with
omphalocele have chromosomal
abnormalities.

Gut Atresias and Stenoses

Atresias and stenoses may occur anywhere
along the intestine

Most occur in the duodenum, fewest occur in the
colon, and equal numbers occur in the jejunum
and ileum (1/1500 births).

Atresias in the upper duodenum are probably
due to a lack of recanalization

Gastroschisis is a
herniation of
abdominal contents
through the body wall
directly into the

amniotic cavity. }
It occurs lateral to the / %
umbilicus usually on ,
. /
the right

S ot e by  Ammon

_mocsnt enter the Umbilical coevd
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Hindgut

The hindgut gives rise to the distal
third of the transverse colon, the
descending colon, the sigmoid, the
rectum, and the upper part of the
anal canal.

The endoderm of the hindgut also
forms the internal lining of the
bladder and urethra

The terminal portion of the hindgut
enters into the posterior region of
the cloaca, the primitive anorectal
canal; the allantois enters into the
anterior portion, the primitive
urogenital sinus

At the end of the the cloacal
membrane ruptures, creating the anal opening
for the hindgut and a ventral opening for the
urogenital sinus.

Between the two, the tip of the urorectal
septum forms the perineal body

proliferation of ectoderm closes the
caudalmost region of the anal canal. Sy —l

During the this region recanalizes ~ &=®

=4

Thus, the caudal part of the anal canal
originates in the ectoderm, and it is supplied
by the inferior rectal arteries, branches of the
internal pudendal arteries

I

Allantois

—> Notice o
presence of the 4ail
means =bClosed urethra
% anus

Aimong  Segeneration —

Both open
Urorectal h
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Cloacal  Hindgut
A membrane

Urogenital Urinary bladder

membrane

Perineum protiferation

Anal
membrane

of ‘the ectoderm
closig the snan cansl
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Anorectal canal

the tower part will be
el by cctederm
> Stratified Suamous

L+Bood Supply Bollows
dhe eciodermal orgin

The junction between the endodermal and ...

; rim
Allantois
The cloaca itself is an endoderm-
lined cavity covered at its ventral
boundary by surface ectoderm.

This boundary between the
endoderm and the ectoderm forms

Cloaca
the cloacal membrane -Ecio V4

(

A layer of mesoderm, the urorectal
septum, separates the region
between the allantois and hindgut.

Urorectal
This septum is derived from the septum
merging of mesoderm covering the ;
yolk sac and surrounding the Cloacal  Hindgut
i A membrane

Colvemaar

ectodermal regions of the anal canal is ..

-stakked Syusmous

delineated by the pectinate line, just below _
the anal columns

* At this line, the epithelium changes from

columnar to stratified squamous epithelium.



What are anorectal malformations?

Anorectal malformations are birth defects in which the anus and
rectum (the lower end of the digestive tract) don’t develop
properly. They occur in an estimated 1 in 4,000 newborns and can
range from mild to complex.

Anorectal malformations include several different abnormalities,
including:

The anal passage may be narrow.

A membrane may be present over the anal opening.

The rectum may not connect to the anus (imperforate anus).

The rectum may connect to a part of the urinary tract or the
reproductive system through an abnormal passage called a fistula.

Qe S
Aresia

Types of anorectal malformations
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Types of anorectal malformations:

Anorectal malformations, including imperforate anus, can affect
male and female babies in different ways.

In boys, the main anorectal malformations are perineal fistula,
rectobulbarurethral fistula, rectoprostatic fistula and
rectobladderneck fistula.

In girls, the main anorectal malformations are rectoperineal fistula,
rectovestibular fistula and cloaca.

A type of anorectal malformation called imperforate anus can occur
in both boys and girls.

Testis

Toward the end of the second month, the
urogenital mesentery attaches the testis and
mesonephros to the posterior abdominal
wall
Fascla

Prior to descent of the testis, this band of
mesenchyme terminates in the inguinal
region between the differentiating internal
and external abdominal oblique muscles.

Later, as the testis begins to descend toward
the inguinal ring, an extra-abdominal portion
of the gubernaculum forms and grows from

the inguinal region toward the scrotal )
swellings. \

e

gubernaculum  uscls /

When the testis passes through the inguinal | S —
canal, this extra-abdominal portion contacts

the scrotal floor
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Normally, the testes reach the inguinal /
region by approximately 12weeks gestation,

migrate through the inguinal canal by 28

weeks, and reach the scrotum by 33 weeks

The process is influenced by hormones, Fascla processus /
including androgens and MIS - vaginalls o=

Independently from descent of the testis, the
peritoneum of the abdominal cavity forms an
evagination on each side of the midline into
the ventral abdominal wall.

This evagination, the processus vaginalis,
follows the course of the gubernaculum
testis into the scrotal swellings

Hence the processus vaginalis, accompanied
by the muscular and fascial layers of the
body wall, evaginates into the scrotal
swelling, forming the inguinal canal e
gubernaculum ™=



