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So far as 1is known, the vagi nerves are the sole source of
parasympathetic innervation of the foregut and midgﬁt. The boundary
between the midgut and hindgut is at the splenic flexuyre of the
colon. At this boundary vagal innervation ends and sacral inner-

vation begins.

Below each pulmonary hilus, the left and right vagl descend
on either side of the esophagus, and in the lower thorax they
branch and communicate with each other forming the esophageal plexus,
which surrounds the esophagus. The branches of the esophageal
plexus then unite to form two, and only two,vagal trunks-one an-
terior and the other posterior to the esoph:igus. The ante clor
vagal trunk divides into the anterlor gastric and hepatic vagal
divisions., 7he posterior Lrunk dlvides into the posterior gastric

and celiac vagal divisions.

Prior to the normal emberyological gastric rotation, the
vagal trunks lie on either slde of the esophagus ‘and thelr gastrlc
divisions descrnd to the stomach along the lesser curvature. After
rotation, the trunks and gastric divisions assume anterior and
posterior positions{ ¥Tig. I ).

The anterior and posterior gastric divisions reach the stomach
at the cardia and descend along the legser curvature beneath the
anterior and mosterior neritoneal surfacrs of the lesser omentum.
The stomach is innervated by terminal branches from the anterior
and posterior gastric nerves ( Filg. 2 ). Vagal innervation of the
stomach is segmental. Fach terminal branch from the gastric nerves
innervates its own small srgment of the stomich with a minimum
of overlap ( griffith, 1962 ).

The hepatic vagi sccompany the vestige of the left hepatic

artery( or the aberrant left hepatic artery when it is present)

AN
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within the lesser omentum to the hepatic plerus, which is an auto-
nomic plexus at the porta hepatis.
The celine division of the vagi, largest of the four truncal
divisions, descends within the gastropancreatic prritoneal fold
to the celiac and superior mersenteric autoncmic plexuses. Figure 3
shows the distribution of the hepatic and celiae branches of vagi.
The pyloric nerve from the anterior trunk or its gastric
division classically runs in the lesser omentum midway betweern
the lesser curvature and the hepatic vagi to the distal antrum
and pylorus. when the pyloric nerve 1s present in this classic
position, the anteriorgastric nerve ends proximal to the distal
antrum, and descending fibers from the hepatic vagi to the pylorus
may he absent. When the pyloric nerve is not in its classic position,
the distal antrum and the pylorus reccive innervation from onc
of the two following routs : I) the pyloric nerve parallels or
a part of the greater anterior gastric nerve, which can be scen
to go all the way to the vylorus, or 2) the pyloric nerve runs

adjacent to the most inferior hepatic vagi and descends to the

pylorus and distal antrum along with the gastric artery(Griffith,I978B).

Surgical application :

There are three types of vagotomy ( Fig. 4 ). Truncal vagotomy
refers to transection of all abdominal vagi,that is, a complete
gastric , complete hepatic, and complete celiac vagotomy. Selective
gastric vagotomy transects all gastric vagi and preserves the
hepatic and crliac vagi. Parietal cell vagotomy entails transection
of the terminal gastric branches to the parietal cell mass, with
preservation of the nerves of Latarjet and thier extramaural end-

branches to the antrum. Thus, although parietal vagotomy interrupts

+his intramural Innervation of the antrum, the cevtramural innervation

is sufficiont to preserve motility of the antrum and pylorus.
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The cause of incomplete vagotomy is usually not overliooking
a small fiber closely applicd to the esophagus within the csopha-
geal fascla nropria,instead, the usual cause of inadequate, in-
complete vagotomy is failure to expose, and bring into the surgical
field, a larqge fiber when the vagal system is initially encircled
with esophqus., There are one or more posterior vagal branches at
the cardiofundnl level, which, because of the difficulty in locating
them, may rscanpe section and thus become instrumental in subscquent
recurrent ulceration. Grassi named this nerve or nerves ile "criminal®
brancly of the vaqus, an? he zaid that this braneh originates from

the posterior trunk of the vagus at a varlable level(Grassi, I978) .

The fallacy of the esophageal diaphragmatic hiatus as the
landmark for truncal vagotomy :

The diaphragm has no emberyological or anntomical relation-
ship with the vagal system. Therefore, we,must. recognize two
points. First, as a result of the gastric rotation, the gastric
vagal truncal divisions rotate with the stomach and assume constant
anterior and posterior positions along the lesser curvature at
the cardia. In contrast, at the higher level of the esophgus a8
it masses through the hiatus, the ~ffoct of gastric rotation on
the position of the vagnl trunks is not so pronounced. Thorefore,
at the hiatus the trunks lie in variable positions. Second, the
vagal system at the hiatus cxists as the esophageal plexus or the

two trunks or the four truncal divisicons.{ Filig.5 ).
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Gastric mucosa and its products:

The gastric mucosa consists of a surface layer of mucus-
producing columnar cells and coiled, somtimes branched, glands.

The glands contain mucus, parietal (oxyntic),chief(peptic), and
endocrine cells. The glands of the cardiac area cotain few parietal
and chief cells. In the corpus fundus reglon ( oxyntic gland

arra) the oxyntic glands contain mucus cells interspersed with
parietal cells in the midportion of the gland, chicf cells at the
base of the gland, and cndocrine cells in the basal half of the
glands. A transitional zone, 0,.5-2cm wide, separates the oxyntic
gland area from the pyloric gland area and contains mixed glands.
The glands of the antrum contain mucus cells, very few pirietal
cells, and endocrine cells, The mucosa of the antrum is the richest
source of gastrin in the body.

The electrolytes in the gastric juice are a mixture of
secretions from parietal and non parietal cells. The non parictal
cell secretion is a mucus-contailning juice that is slightly alkaline
due to a bicarbonate , and it contains sodium, potassium, and
chlorid in about the same concentrations as found in the extra-
cellular fluid. The parietal cells secrete hydrochloric acid
and potassium chlorid solution in a ratio of about I5:1 . The
maximal hydrosen ion concentration found in the gastric juice is
about 150 mmol/liter ( Olbe, I978 }.

During acid secretion the metabolism in the parietal cells
is mainly arrobic. Stimulation and inhibition of secrrtlon may
be regulated intracellulary by cyclic AMP ( adenosine monophosphate)
and cyclic GMP { guanosine monophosphate ). Both H+ and CL are
actively transported into the gastric lumen by separate pumps
( Fig. 6). The H' may be thought of as a product of the dissociation
of H,0. Carbonic acid is formed from the hydration of €O, . The

2

carbonic acid dissociaters, and the rrsulting bicarbonates excreted

<«
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into the bloodstream. Water passively enters the gastric luwen

following thr nctively transported

iong, and the sccreotion
is isotonic or nearly so.

The concentration of
acld secreted by parietal
crlls is about IS0 mmol/liter

a million timers greater than

the hydrogen ion concentration

in the blood., The ability of the

stomach to sercret and hold
this highly concrntrated
solution within its lumen

1s intrinsic to the meosa
itself oand not to any special
anatomic structure

( Lawrence, 1979 ).

The intrinsic factor

1s a mucoprotein which f{orms

a conlex with vitamin 812.

complex facilitates absorption of vitamin B
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intracellular processes 1in
formation of gastric hydro-

chloriec acild

17 in the distal

1leum, The site of origin of intrinsic factor has been localized

to parietal cells.

[Urnfn

s

~ .=

wl/

- ff O
Z

In presence of calcium lons the specific

Pepsinogrns are synthesized in the chief crlls of the oxyntic

gland are: and to a lrssrr extrnt in the pyloric arca and stored

as visible granules,

"holinergic stimuli,

mural, are the most potant pepsinogoques, although gastrin and

gecretin nre also effective.

converted to pepsins, The pepsins are responsible for the

activity.

parate into two immunochemically different qgroups,

and pepsinogens IT.

Its optimal PH is about 2.0. The

prpainogens arc sc-—

pepsinogens I

Gastric pepsinogrn secretion for the most

part parallels gastric acid secretion,
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Seventy five nercent of prople secrete bhlood group antigens
into gastric juice. Tho trait is agenetically determined and is
assoclated with a lowrr lncidence of duodenal ulcer than in

non sccretors.

Mucus i1s a heterogencous mixture of glycoproteins manu-
factured in the micus cells of the oxyntic and the pyloric qlands.
Mucus provides a weak barrirr to the diffuslon of ut and protects

the mucosa.

Fndocrin cells in the pyloric gland area have heen shown
to contain gastrin ( G cells ). Other endocrine cells in the
gastric mucosa are enterochromafin ( VC ) cells cotaining 5-hydr-
oxytryptamine and enterochromaffin-like ( FCL ) cells that prodomi-
nate in the oxyntic gland area. The FCL cells do not contain
visible amounts of histamine, however, histamine has bren found

in the mucosal mast cclls ( Lundell, 1975 ).

Registance of the gastroduodenal mucosa

Normal ncild secretion in many patients with duodenal ulenr
has led to speculation that there is reduced mucosal resistance
to ulceration in these patients, It is a function of the normal
mucosa to nrevent reentry of hydrogen ions and the movement of
sodium ions across the mucosa. Ivery ( I97L ) used the trrm

mucosal barrier to describe these functions.

Rubbing of thr mucosa or local application of acid or
hypertonic solutions increases the gastric mucus secretion, The

main function of the gastric mucus is lubrication.

Of major importance in the protection of the mucosa is the
alkaline state of the mucosa, since acid secretion must be accom-
nanied by production of an equivalent amount of bicarbonate which

diffuse inte the small vesaals of the mucosa. In addition, the
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surface epitherlinl cells actively sccarete bicarbonate into the
surface. Brunner’s glands which are localized in the submucosa
of the provimal Auodenum secrote an alkaline mucus containing
nepsinogens. Duodenal ulecer patient produce a lower bicarbonate
response to duodenal acidificatieon than healthy subjects.
Bicarbonate secretion is stimulated by prostaglandins which are

synthesised in the gastric mucosa ( Johansson et al, I9BO ).

Phases of gastric secretion :

Gastric sercretion is said to occur in three phasecs: a
cephalic phoase, « gastric phase, and an intestinagl phoage. However,

these three phases in reality fuse together ( Guyton, 1977 ).

The cephalic nhase

The cephalic phase of qnsfric gecretion occcurs even before
food enters the stomnch., It results from the sight, smell, though,
or taste of food. Neurogenic signals causing the cephalic phase
of the secrrtion can originate in the cerebral cortex or in the
anmpetite center of the hypothalamus,. They are transmitted by the
dorsal motor nuclel of the vagl to the stomach. This phaso of
secretion accounts for about one tenth of the gastric secretion

normally associatrd with eating a meal.

The gastric phase

Once the food enters the stomach, it excltes the gastrin
mechanism, which in turn causes secretion of gastric juice that
continurs throughout the several hours that the food remains in
the stomach.

In additicn, the presence of food in the stomach also
causes (a) local reflexes in the myenteric plexus of the stomach
and (b) vago-vagal rrfleves that pass all the way 1o the brain

stem and back to the stomach. Bolh of these reflexes cause
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