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Surgical Anatomy of Stomach

The stomach is the ﬁrst abdominal organ of the digestive tract and acts as a reservoir for ingested food to begin both mechanical and chemical digestion. It lies principally in the left upper quadrant of the abdomen but terminates across the midline and frequently descends below the plane of umbilicus. The position of the stomach is variable, depending on body position, contents, and respiratory movements.
The anatomic regions of the stomach are divided into the cardia, fundus, body, and pylorus. The cardiac oriﬁce marks the transition from the esophagus to the stomach. The cardia of the stomach is the portion immediately surrounding the esophageal opening and has a relatively stable location due to the esophageal attachments of the diaphragm and the peritoneal reﬂections (gastrophrenic ligament).

At the esophago-gastric junction a deep notch, deﬁned as the cardiac notch, separates the esophagus and the fundus. The cardiac notch, together with decussating ﬁbers of the diaphragm and circular ﬁbers of the lower esophagus, forms a lower esophageal sphincter that prevents esophageal reﬂux under normal conditions.

The fundus of the stomach expands upward, ﬁlling the dome of the diaphragm on the left side, and is limited below by the horizontal plane of the cardiac orifice. The incisura angularis, a sharp indentation about two-thirds of the distance along the lesser curvature, marks a vertical separation between the body of the stomach to its left and the pyloric portion of the stomach to its right and is used surgically as the proximal line of transection for antrectomy.
The pyloric portion of the stomach consists of the pyloric antrum, the pyloric canal, and a markedly constricted terminal pylorus, composed of a greatly thickened muscular wall constituting the pyloric sphincter. The thickened sphincter marks the termination of the stomach and its transition to the retroperitoneal duodenum, which is ﬁxed to the posterior body wall [Charles-Staley et al., 2010].
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Figure (1): anatomical parts of stomach.


Curvatures and Surfaces:

The axis of the stomach is oblique and extends from the fundus downward to the right and ventral. The lesser curvature marks the right border of the stomach and extends from the esophagogastric junction along a concave curve to the right, terminating at the pylorus. The greater curvature is the left and inferior border of the stomach. It begins at the cardiac notch, follows the superior curvature of the fundus, and then the convex curvature of the body down to the pylorus. The greater curvature is four or ﬁve times longer than the lesser curvature.

The rotation of the stomach during embryologic development creates a space, known as the lesser sac or omental bursa, between the stomach and the posterior abdominal wall. This space is bounded anteriorly by the stomach and lesser omentum, superiorly by the liver, inferiorly by the greater omentum (and its fusion to the transverse colon), and to the left by the spleen and its ligaments. On the right, the lesser sac opens into the greater sac through the epiploic foramen (of Winslow). The greater sac of the abdomen fills the remaining space within the peritoneal cavity [Charles-Staley et al., 2010].

Peritoneal Relations:

The stomach is entirely covered by the peritoneum except for the areas where the blood vessels course along the curvatures, and a small triangular space behind the cardiac oriﬁce. Here the stomach is left bare by the gastrophrenic peritoneal reﬂection. At the lesser curvature the two layers of peritoneum extend to the liver as the gastrohepatic portion of the lesser omentum. From the greater curvature the greater omentum spreads widely to the diaphragm as the gastrophrenic ligament, to the spleen as the gastrosplenic ligament, and to the transverse colon as the gastrocolic ligament [Charles-Staley et al., 2010].
Structure:

The stomach wall is composed of four distinct histologic layers: the mucosa, submucosa, muscularis, and serosa. The mucosa is thrown into a series of coarse gastric folds known as rugae. These are oriented chieﬂy longitudinally along the lesser curvature. The submucosal layer is a loose, areolar, vascular layer.

The muscular layer of the stomach is composed of an outer longitudinal and inner circular muscular layer, typical of the gastrointestinal tract, but also contains an internal oblique layer. The circular muscle is the dominant muscle layer of the stomach. The outer longitudinal layer is not as uniform as the circular layer, being concentrated particularly along the curvatures.
The serosal layer is the peritoneum. The gastric epithelium consists of a single layer of columnar cells. The stomach has specialized glands in the different regions of the stomach that vary in structure and function. The cardiac glands are found in the region of the esophageal opening. Each gland is composed of a few branching tubules containing cells that secrete a form of mucus. Fundic or gastric glands in the fundus and body of the stomach have long secreting tubules with short ducts opening into shallow gastric pits.

Three types of cells line these tubules. The mucous neck cells in the upper part of the gland secrete mucus. The chief or zymogenic cells secrete pepsin, a proteolytic enzyme of the gastric juice. At intervals throughout the length of the tubule are large eosinophilic cells between the chief cells known as parietal cells, which are responsible for secretion of the hydrochloric acid in the gastric juice. The pyloric glands are short, branched tubules opening into long duct-like gastric pits. The exact contribution of the pyloric glands to the gastric secretion is not known, although they resemble mucous neck cells. Gastrin, a hormone that increases acid production from the parietal cells and gastric motility, is secreted by the G cells in the pylorus of the stomach [Charles-Staley et al., 2010].

Blood Supply of stomach:

Arterial supply of stomach:

The blood supply to the stomach is extensive and is based on vessels from the celiac trunk. The four major vessels that supply the stomach are the right and left gastric and the right and left gastroepiploic arteries.

Celiac trunk:

The aorta passes through the aortic hiatus of the diaphragm into the abdominal cavity in front of the lower border of the twelfth thoracic vertebra. The celiac trunk and the superior mesenteric and inferior mesenteric arteries are the three principal ventral unpaired branches of the aorta and supply the majority of the gastrointestinal system. The celiac trunk arises from the front of the abdominal aorta, just below the aortic hiatus and at the level of the upper portion of the ﬁrst lumbar vertebra. Only 1–2 cm long, the celiac trunk passes forward above the upper margin of the pancreas and then divides behind the posterior body wall peritoneum into the left gastric, common hepatic, and splenic arteries. In the region of the celiac trunk lie the celiac lymph nodes and the celiac plexus of nerves and their ganglia [Charles-Staley et al., 2010].
Left Gastric Artery:

The left gastric artery, the smallest branch of the celiac trunk, courses upward and to the left toward the cardiac end of the stomach. The vessel lies behind the body wall peritoneum in the ﬂoor of the lesser sac, where it frequently raises a fold of peritoneum, the left gastropancreatic fold. It reaches the stomach in the bare area behind the cardia, giving off esophageal branches that ascend along the esophagus to provide a portion of its arterial supply. The left gastric artery then turns onto the lesser curvature of the stomach between the layers of the hepatogastric ligament and follows this curvature as far as the pylorus, providing branches to both surfaces of the stomach, and anastomoses terminally with the right gastric artery [Charles-Staley et al., 2010].
Right Gastric and Right Gastroepiploic Arteries:

The common hepatic artery arises from the celiac trunk, runs forward and to the right along the upper border of the pancreas, passes into the lesser omentum giving off the gastroduodenal artery, and continues to the liver as the proper hepatic artery.

The gastroduodenal artery is a short, thick branch that takes its origin from the common hepatic artery at the upper border of the ﬁrst part of the duodenum. It descends behind this portion of the duodenum and divides at its inferior border into the right gastroepiploic and anterosuperior pancreaticoduodenal arteries. The right gastroepiploic artery passes from right to left along the greater curvature of the stomach between the layers of the gastrocolic ligament. It anastomoses with the left gastroepiploic artery to form a vascular arch along the greater curvature, from which pass gastric branches to both surfaces of the stomach and omental branches to the greater omentum.

The proper hepatic artery, which is the continuation of the common hepatic artery distal to the gastroduodenal artery, usually gives off the right gastric artery, and terminates by dividing into the right and left hepatic arteries. The small right gastric artery descends through the lesser omentum to the pyloric end of the lesser curvature of the stomach. It supplies branches to both surfaces of the pyloric portion of the stomach and anastomoses with the left gastric artery. The right gastric artery is most commonly a branch of the proper hepatic artery, but may arise from the left hepatic, gastroduodenal, or common hepatic arteries [Charles-Staley et al., 2010].

Left Gastroepiploic Artery:

The splenic artery runs a highly tortuous course along the superior border of the pancreas, behind the peritoneum of the ﬂoor of the lesser sac. The left gastroepiploic artery arises from the splenic artery or an inferior terminal branch, passes toward the greater curvature of the stomach through the gastrosplenic ligament, and forms a vascular arcade with the right gastroepiploic artery. Its gastric and epiploic branches are distributed to both surfaces of the stomach and to the greater omentum. The short gastric arteries are four or ﬁve small vessels that arise directly from the splenic artery and pass through the gastrosplenic ligament to reach the fundus of the stomach [Charles-Staley et al., 2010].
Venous drainage of stomach:

The veins of the stomach run parallel with the arteries and drain into the portal venous system. The left gastric vein arises from tributaries on both surfaces of the stomach. It passes from right to left along the lesser curvature to the cardia, where it receives esophageal veins. The left gastric vein then turns to the right and descends in company with the left gastric artery, behind the posterior body wall peritoneum. Passing beyond the celiac arterial trunk, the left gastric vein ends in the portal vein. This circular course, ﬁrst along the lesser curvature and then inferiorly on the body wall, is expressed in the old name "coronary vein".
The small right gastric vein is formed from the tributaries of both surfaces of the pyloric region of the stomach. It accompanies the right gastric artery between the layers of the lesser omentum and, passing from left to right, ends directly in the portal vein.
A prepyloric vein ascends over the pylorus to the right gastric vein and is an anatomic landmark that enables the surgeon to identify the pylorus. The right gastroepiploic vein accompanies the right gastroepiploic artery within the layers of the gastrocolic ligament. It receives tributaries from the inferior portions of both the anterior and posterior surfaces of the stomach and from the greater omentum. The vein crosses the uncinate process of the pancreas and ends in the superior mesenteric vein.
The left gastroepiploic vein completes the arch of veins along the greater curvature of the stomach and has the same pattern of drainage as the right gastroepiploic vein. It is directed to the left in the folds of the gastrocolic ligament. 
Entering the gastrosplenic ligament, the left gastroepiploic vein ends in the beginning of the splenic vein. The short gastric veins, four or ﬁve in number, drain the fundus and the superior part of the greater curvature of the stomach. They pass between the layers of the gastrosplenic ligament toward the hilum of the spleen, where they terminate in the splenic vein [Charles-Staley et al., 2010].
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Figure (2): Arterial supply of stomach.
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Figure (3): Venous drainage of stomach.


Lymphatic Drainage:

The lymphatic vessels of the stomach have a pattern similar to that of its arteries and veins. There are four major routes of lymphatic drainage from the stomach.    A large group of lymphatic vessels drain the surfaces toward the lesser curvature of the stomach to the left gastric nodes. These form a chain of 10–20 nodes extending from the angular notch of the stomach upward to the cardia.

At the cardia a small group of ﬁve or six paracardiac nodes surround the esophagogastric junction. The left gastric nodes follow the left gastric blood vessels to the celiac nodes.

Another group of nodes drain the pyloric portion of the lesser curvature to the two or three right gastric nodes. These in turn run along the right gastric artery and drain into the hepatic nodes.

The left half of the stomach drains by lymphatic channels directed toward the greater curvature. Lymphatic vessels from the fundus and the upper portion of the body of the stomach follow the short gastric and left gastroepiploic blood vessels to the pancreatosplenic nodes. Three or four lymph nodes are situated along the posterosuperior border of the pancreas on the splenic blood vessels. The pancreatosplenic nodes drain the stomach, spleen, and pancreas and then drain into the celiac nodes.

Finally, from the lower portion of the left half of the stomach, lymphatic vessels drain to the 6–12 right gastroepiploic nodes, the efferents of which pass to the right to the pyloric nodes. The pyloric lymph nodes are six to eight nodes located in the angle between the ﬁrst and second parts of the duodenum in close relation to the terminal division of the gastroduodenal artery. Their efferents pass along this artery to the hepatic nodes and then to the celiac nodes.
Lymph draining from the stomach by means of these various routes passes through the lymph-node groups described and ultimately reaches the celiac nodes. The efferent channels of the celiac nodes with efferents from the superior mesenteric nodes form the intestinal trunk [Charles-Staley et al., 2010].
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Figure (4): Lymphatic drainage of stomach.


Nerve Supply:

The nerves of the stomach are both parasympathetic by way of the vagus nerve and sympathetic by means of perivascular plexuses from the celiac plexus.
The right and left vagus nerves above the diaphragm coalesce to form the esophageal plexus. Just above the diaphragm the esophageal plexus divides into two nerve trunks that lie anterior and posterior to the esophagus and then pass through the esophageal hiatus of the diaphragm and down the lesser curve of the stomach.

Both vagus nerves supply gastric branches to the stomach that arise at the cardiac end of the stomach. Each anterior and posterior vagal trunk gives off one long branch, the principal nerves of the lesser curvature, also known as the nerves of Laterjet, which descend on the anterior and posterior surfaces of the stomach and terminate as a "crow's foot" on the pyloric antrum.

In addition to the gastric branches, the anterior vagal trunk has a hepatic branch that passes from the stomach to the liver in the upper part of the hepatogastric ligament together with the hepatic branch of the left gastric artery. It also has a small branch that descends through the hepatogastric ligament to the pyloric portion of the stomach, duodenum, and pancreas.

The posterior vagal trunk makes a major contribution to the celiac plexus by means of a celiac branch that follows the left gastric artery and vein. The sympathetic nerve supply of the stomach is by perivascular plexuses (left gastric, hepatic, and splenic) that emanate from the celiac plexus. These are composed primarily of postganglionic sympathetic ﬁbers, the cell bodies of which form the celiac ganglia. The preganglionic ﬁbers reach the celiac ganglia by way of the greater thoracic splanchnic nerve from the ﬁfth to the tenth thoracic cord segments.

The nerves to the stomach appear to have somewhat mixed functions. However, the parasympathetic innervation initiates or enhances muscular movements, and the sympathetic innervation is important in vasomotor control. The parasympathetic ﬁbers exert the greater inﬂuence on the secretion of water and hydrochloric acid in the fundus and body; the sympathetic innervation has the major inﬂuence in the secretion of enzymes in the stomach [Charles-Staley et al., 2010].
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