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STRUCTURE AND FUNCTIONS OF THE DIGESTIVE SYSTEM

The major organs or the digestive system are shown in Fig. 1.

The function of the organs of the digestive system is to break down food into simple forms that can be carried by the circulatory vessels and can pass through cell membranes to be used by cells. The cells use the simple forms of food molecules for energy and to build, maintain, and repair body tissues. The accompanying box lists these functions.
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	Fig. 1. The digestive system, showing the digestive tube, or alimentary canal, and accessory organs.


Functions of the digestive system
Food Processing and Storage

· Breaks down foods into smaller particles (mechanical digestion)

· Converts food into substances that can be absorbed (chemical digestion)

·     Moves food materials through the gastrointestinal tract (peristalsis)

·  Stores food materials until needed

Manufacture

·  Manufactures enzymes, hydrochloric acid, intrinsic factor, mucus, and other materials to assist in digestion

· Manufactures regulatory hormones in stomach

· Manufactures vitamin K in large intestine


Absorption

· Provides absorption of nutrients, mainly from small intestine into capillaries

Reabsorbion and Elimination
·  Reabsorbs water to be reused by the body 

· Reabsorbs minerals and vitamins 

· Forms feces from remaining waste products

· Produces defecation

Basic anatomy

The mouth is also called the oral cavity or buccal cavity. Food is taken into the body through the mouth, where digestion begins. The teeth cut, chop, and grind food so that the particles become smaller, and more surface is exposed to actions of digestive juices and enzymes.

The roof of the mouth is made up of the hard and soft palates. The hard palate is closest to the front and is made up of the palatine bones and parts of the maxillary bones. The soft palate is mostly muscle tissue. The palate separates the mouth from the nasopharynx, the area of the pharynx behind the nose. The soft palate is shaped like an arch in the back of the mouth and opens onto the oropharynx, the area of the pharynx behind the mouth. The structure that can be seen suspended in the back of the open mouth is the uvula.

The floor of the mouth is covered by the tongue. The walls of the mouth cavity are the cheeks and the teeth.

Salivary Glands. Three pairs of salivary glands pour 1 to 1.5 L of saliva into the mouth per day. The names of these glands indicate their locations: sublingual (under the tongue), parotid (cheek), and submaxillary (jaw). Saliva is a thin, watery fluid that contains ptyalin, also called salivary amylase. It also contains water, mucus, and salts.

Saliva moistens food particles, makes food easier to swallow, and through the action of the ptyalin, begins the breakdown of starch into smaller sugar molecules. Saliva helps prevent oral infections, because it contains lipozymes (bacteriocidal enzymes) and immunoglobulins (IgA).
The tongue is a tough skeletal muscle covered with mu​cous membrane. It is attached to four bones, the man​dible, two temporal bones, and hyoid. On the bottom of the tongue is a fold of mucous membrane called the frenulum. This structure helps to attach the tongue to the floor of the mouth. In some cases, the frenulum is short or too tightly attached. This makes speech difficult, and the person is said to be "tongue-tied." The situation can be surgically corrected. 

The tongue has several functions. It senses the food's temperature and texture. It mixes food with saliva and moves food to be chewed. The voluntary movement of the tongue begins the swallowing process, called deglutition, by pushing food into the pharynx, the next portion of the digestive tube.

The upper surface of the tongue appears rough because of visible indentations (fissures) and projections (papillae). The taste buds are microscopic nipplelike projections located on the sides of the papillae. They are specialized nerve endings that allow us to detect various flavors. 

The taste buds distinguish between flavors. Although there are all types of taste buds on most areas of the tongue, they are concentrated as follows: salty (tip and sides of the tongue), bitter (back of the tongue), sweet (tip and sides of tongue), and sour (sides of tongue). Alkaline and metallic flavors are sometimes considered distinct tastes as well. The taste of food also depends on the sense of smell. 

Pharynx and Esophagus

The tongue lifts the ball of food that has mixed with saliva and is called a bolus, meaning lump or clod. The bolus is pushed into the muscular tube behind the mouth, the pharynx, where the movement of food becomes involuntary. The epiglottis covers the larynx and prevents food from entering the respiratory tract. The smooth or involuntary muscles pass the food along by waves of contractions called peristalsis, an alternate relaxation and contraction of muscles that sends food through the digestive tube. Contractions of the pharynx continue the act of swallowing and push food into the muscular esophagus.

The esophagus, or gullet, is approximately 25.4 cm in length; it extends from the pharynx into the neck and thorax and, through an opening in the diaphragm, to the stomach. Its role in digestion is merely to serve as a passageway. The stomach opening, the cardiac orifice, is guarded by a muscle called the cardiac sphincter. Sometimes this muscle is called the esophageal-gastric sphincter. As waves of peristalsis push food through the lower esophagus, the cardiac sphincter opens and allows food to enter and closes to prevent food from being regurgitated (vomited).

The stomach is a muscular, collapsible, pouch or sac capable of being greatly distended. It is located in the upper left side of the abdominal cavity and receives its blood supply from the celiac artery. The rounded portion above the level of the cardiac sphincter, containing the opening from the esophagus, is called the fundus. The central and largest portion is called the body; the lower narrow portion, which attaches to the small intestine, is called the pylorus, or pyloric portion. The pyloric sphincter controls the opening between the stomach and the duodenum. (The prefix referring to the stomach is gastro-.)

The strong walls of the stomach consist of three layers of smooth muscle: a circular layer, a longitudinal layer (muscle fibers going the long way), and an oblique layer (muscle fibers on a slant or an angle). This spread of muscles in all directions allows much motion for stirring and churning food and breaking it into small particles. When the stomach is empty, it collapses and lies in folds called rugae. These rugae allow the stomach to distend (expand) greatly when food is eaten.

In the stomach, all foods are mixed with gastric juices and churned until they are in a semiliquid form called chyme. This process usually takes 3 to 5 hours. Peristalsis of the smooth muscles of the stomach normally moves food toward the pyloric outlet. The pyloric sphincter at the lower opening contracts to keep the food in the stomach until it is thoroughly mixed. The sphincter then relaxes to let peristaltic waves push food in small amounts into the small intestine. If the stomach is irritated or too full, sometimes the direction of the waves of peristalsis reverses and forces the material back into the lower end of the esophagus. Reverse peristalsis within the stomach combined with contraction of abdominal muscles and the diaphragm forces food back through the esophagus and out through mouth, causing vomiting.

The stomach is lined with mucous membrane. Mucus coats and protects the stomach lining from mechanical and chemical injury. Chief cells secrete pepsinogen, an inactive form of pepsin, the enzyme necessary to break down proteins. Hydrochloric acid is secreted by parietal cells; its functions are to activate pepsinogen and kill most microorganisms in the stomach. When activated by hydrochloric acid, pepsinogen changes into the enzyme pepsin, which begins to breake down proteins. Another secretion of the parietal cells is intrinsic factor, which is essential for life. Intrinsic factor is needed for absorption of vitamin B12, necessary for development of red blood cells in bone marrow. The stomach also produces regulatory hormones, such as gastrin. Gastrin stimulates secretion of hydrochloric acid and pepsin.

The small intestine is approximately 6.1 m long and 3,81 cm in diameter and lies coiled on itself in the abdominal cavity. It is about 18 feet longer than the large intestine, which follows it. (The prefix referring to the intestines is entero-.)

Intestinal glands in the small intestine secrete enzymes for the digestion of all foods. These enzymes break up the fats, carbohydrates, and proteins into materials that the cells can use. To be absorbed by the blood and lymph capillaries, the carbohydrates must be in the form of the simple sugars: glucose, fructose, and galactose. The proteins also must be digested into their simplest state, amino acids, and the fats must be converted to fatty acids and glycerol. 

The small intestine has numerous secretions. Mucus lubricates and protects the intestinal wall lining from the acidic chyme and digestive enzymes. Cholecystokinin is a hormone secretion that stimulates the pancreas to secrete pancreatic juice and stimulates the gallbladder to contract, resulting in the release of bile. 

Duodenum. The first portion of the small intestine is the 10- to 12-in C-shaped duodenum. As chyme enters the duodenum, more digestive juices are added. Bile, a greenish-brown liquid manufactured by the liver and stored in the gallbladder, pours in through the common bile duct to emulsify fats in preparation for further digestive action.

Jejunum and Ileum. The chyme travels through the remaining portions of the small intestine, the jejunum, and the ileum. (The word jejunum is derived from a Latin word meaning "fasting intestine;" it has been so named because, when dissected, the jejunum is almost always empty. The word ileum means "flank" or "groin.") Like the rest of the alimentary canal, the entire small intestine is lined with mucous membrane. There are numerous lymph nodules in the ileum called Peyer's patches.

The large intestine is much wider than the small intestine (its diameter is approximately 6.35 cm, but it is only about 1.5 m in length. It does not coil but lies in folds and is divided into different areas by name. Water reabsorption is the colon's main function; 80% of it is reabsorbed. Vitamins and minerals also are absorbed. There are trillions of bacteria in the colon. Their function is to inhibit growth of pathogens. Some bacteria in the colon produce vitamin K, which is necessary for blood clotting.

Cecum and Appendix. The first portion of the large intestine is the cecum, a blind pouch about 5-7.6 cm long. A small fingerlike projection of the cecum is the vermiform (worm-shaped) appendix, which has no known function. (The word appendix is derived from the Latin word meaning "appendage.") It has the same lymphoid tissue as tonsils and like the tonsils, frequently becomes infected, a condition called appendicitis. It is prone to infection because fecal material enters and cannot always drain out. The cecum and appendix are located in the right lower quadrant of the abdominal cavity.

Colon. The next and longest portion of the large intestine is the colon, a continuous tube divided into three parts, taking their names from the course they follow: The ascending (going up) colon travels up the right side of the abdominal cavity; the transverse (going across) colon crosses to the left side in the upper part of the cavity; the descending (going down) colon goes down the left side into the pelvis. The next and last portion, which is called the sigmoid (sigma is the Greek letter S), ends at the rectum. 

Rectum and Anus. The rectum is about 12.7 cm in length and terminates at the anal canal; this is the terminal (end) portion of the large intestine. It is about  2.54-3.8 cm long, and its opening to the outside, the anus, is guarded by internal and external sphincter muscles. The external sphincter is under control of the person and can be consciously contracted and relaxed.

Key Concept

The pathway of food materials through the body is as follows: mouth ( pharynx ( esophagus ( (cardiac sphincter) ( stomach ( (pyloric sphincter) ( small intestine (duodenum (jejunum ( ileum) ( (ileocecal valve) ( large intestine (cecum ( colon: ascending, transverse, descending, sigmoid, rectum) ( anus.

Accessory organs include the liver, gallbladder, pancreas, and peritoneum. 

Liver. Partially digested food that reaches the blood in the small intestine passes through the liver and undergoes vital changes.

The liver is the largest glandular organ in the body and lies just below the diaphragm in the upper right quadrant of the abdominal cavity. It receives its blood supply from the hepatic artery and is divided into two major and two minor lobes. (The prefix referring to the liver is hepato-.) In humans, the liver weighs about 1.36 kg and resembles calf liver in color and texture.

The liver plays such an important part in overall bodily functions that one cannot live long if it is severely diseased or injured. 
Liver is responsible for the metabolism of carbohydrates, proteins, fats and steroids. It stores many important vitamins, such as vitamins A, the В complexes, and E. Prothrombin and fibrinogen are produced in the liver and are needed to clot blood. Detoxification of foreign and toxic substances is a unique function of the liver.

The gallbladder (or cholecyst) is a pear-shaped organ that stores about 50 mL of bile until the body needs it for digestion. The gallbladder is about 7-10cm long and is dark green in appearance due to its contents (bile), not its tissue. It is connected to the liver and the duodenum by the biliary tract.

The main function of the gallbladder is to store and release bile as it is needed in the small intestine for the emulsification of fats. Another function of bile is to neutralize the pH of chyme that is leaving the stomach. This is necessary before pancreatic enzymes can function.

Cells within the liver manufacture bile. Small ducts from these cells emerge and join to form the hepatic duct, which then joins the cystic duct coming from the gallbladder. At this point it is called the common bile duct. This, in combination with the pancreatic duct, empties into the duodenum at the major duodenal papilla, an opening a small distance beyond the pyloric portion of the stomach (Fig.2).

	         As bile is produced, it flows down the hepatic duct and up into the cystic duct for storage in the gallbladder. With the appearance of fats in the intestine, the hormone cholecystokinin activates the gallbladder to release bile, which then flows through the cystic duct into the common bile duct to be deposited in the duodenum. This system of passageways for the transport of bile from the liver to the gallbladder to the intestine is known as the biliary apparatus 
	




	Fig.2 The billiary tree 


The pancreas is a long fish-shaped glandular organ about 15 cm long located behind the stomach. This organ has two distinct functions: as an endocrine gland and as an exocrine gland. As an endocrine gland, it secretes the hormones insulin and glucagon into the bloodstream to regulate blood sugar levels. 

The exocrine function is to produce pancreatic juice, which is done by the acinar cells. The acinar cells secrete three main enzymes: amylase, which digests starch, trypsin, which digests protein, lipase, which digests fats (in the form of triglycerides).

Most pancreatic enzymes are produced in inactive forms and are activated in the small intestine. The inactive forms help to minimize the risk of pancreatic self-digestion. In addition to the wide variety of digestive enzymes in pancreatic juice, bicarbonate and water are also present. Bicarbonate ions (HCO3-) are secreted from small ductules in the pancreas; HCO3- helps neutralize the hydrochloric acid in chyme. Enzymes work best in a pH solution between 5 and 8.

Pancreatic juice enters the duodenum through the pancreatic duct. Pancreatic juice is potent and necessary for life. Adequate digestion cannot take place without it. The common bile duct and pancreatic duct enter the duodenum a short distance beyond the pyloric sphincter of the stomach.

System Physiology

Digestion and Absorption

In the mouth, food is broken down mechanically by the teeth and tongue, and also broken down chemically to some extent by saliva which contains an enzyme known as salivary amylase. It then passes through the esophagus by means of peristalsis to the stomach. Here, the process of breakdown continues. This is still mostly mechanical, as relatively large parts of food (now called "bolus") are reduced to smaller portions. However, slight amounts of chemical processing also take place at this point, especially on protein, by the action of enzymes present in the stomach. The food then passes to the small intestine where further breakdown occurs, by enzymes and with the aid of bacteria, and the useful particles are absorbed into the bloodstream. The remaining particles pass through the large intestine and are ultimately expelled as feces.

Digestion is regulated both hormonally and by the autonomic nervous system:

· The major hormones that control the functions of the digestive system are produced and released by cells in the mucosa of the stomach and small intestine. These hormones, such as secretin, gastrin and cholecystokinin, are released into the blood by the digestive tract and stimulate digestive juices and cause organ movement. 

· The two arms of the autonomic nervous system both influence the digestive process; parasympathetic nerves stimulate secretions and peristalsis while the sympathetic influence is more inhibitory. 

Digestion in the Stomach

Both mechanical and chemical digestion occur in the stomach. The fundus and body are mostly storage areas, while most stomach digestion occurs in the pylorus.

Saliva begins starch digestion in the stomach, but carbohydrates are not fully digested there. Very little fat digestion occurs in the stomach.

Digestion and Absorption in the Small Intestine

Most fat is digested in the duodenum. There the action of bile breaks down fat droplets into smaller particles.

Absorption of nutrients occurs as a result of active and passive transport mechanisms. Water travels by osmosis following absorption of mineral salts, mainly sodium.

Absorption of nutrients into the body occurs across the villi, the fingerlike projections of the intestine, into the capillary network. To increase the surface area, villi also have microvilli, which are microscopic folds of the cell membrane. Unfolded and straightened out, the villi and microvilli could cover more than 2,000 square feet, or half a basketball court. They wave to keep food molecules thoroughly mixed with digestive juices. Approximately 85% of the nutrients in foods are absorbed through villi into the bloodstream for delivery to cells. Because the villi play such an important part in absorption, they are heavily supplied with blood capillaries. The capillaries in villi carry nutrients, by way of hepatic portal circulation, to the liver for further processing.

Once absorbed, fatty acids recombine with glycerol to form triglycerides, which then form cholesterol and proteins. Bile salts are necessary for absorption of fat-soluble vitamins and fatty acids. Lacteals are dead-end lymph capillaries within each villus that absorb fat-soluble nutrients. Due to the fat content in lacteals, their contents appear milky. The substance in lacteals is called chyle. Most digested fat is absorbed into lacteals and carried in lymph. Fats eventually reach the blood​stream by way of the thoracic and right lymphatic ducts.

After food has been in the small intestine for about 4 to 6 hours, it passes into the large intestine; all that remains of it is water and waste products. A sphincter-like muscle, located where the large and small intestines meet, acts as a valve to prevent backflow of material to the small intestine; it also regulates the forward flow. It is called the ileocecal valve, from the names of the two joining parts, the ileum of the small intestine and the cecum of the large intestine.
Digestion and absorption in the large intestine
By the time the chyme has reached this tube, almost all nutrients and 90% of the water have been absorbed by the body. At this point some electrolytes like sodium, magnesium, and chloride are left as well as indigestible carbohydrates known as dietary fiber. As the chyme moves through the large intestine, most of the remaining water is removed, while the chyme is mixed with mucus and bacteria known as gut flora, and becomes feces. The bacteria break down some of the fiber for their own nourishment and create waste products, which are used by the cells lining of the colon for nourishment. The large intestine produces no digestive enzymes - chemical digestion is completed in the small intestine before the chyme reaches the large intestine. The pH in the colon varies between 5.5 and 7 (slightly acidic to neutral).

ANATOMICAL AND PHYSIOLOGICAL PECULIARITIES OF THE DIGESTIVE SYSTEM IN CHILDREN

The morphologic and functional development of the digestive organs of the child is correlated with the development of the central nervous system and the principal regulator of all vital processes, the cerebral cortex.

All the digestive organs are interdependent in their general function of digesting food, and they are directly affected by the central nervous system. The digestive (or alimentary) tract is very active in childhood, as the continuous growth and development of the child call for a greater quantity of nutritive substances as compared with adults.

The digestive system of the newborn infant is immature; the most easily digested food is breast milk, a substance that supplies the infant with all the nutritional components (proteins, fats and carbohydrates) needed for its growth and development. As time passes and the digestive organs become more developed and differentiated, the child can digest and assimilate coarser food.

It is also important that the baby be fed at regular hours; a conditioned reflex to time is thus established, and as feeding time approaches the primary digestive juices are secreted; by then the stomach will have been emptied of previously taken food.

The body requires a constant supply of food; however, nutritive substances cannot be assimilated by the organism in the form they have been ingested. Only water, mineral salts, and vitamins are assimilated in their initial form; all other substances (proteins, fats find carbohydrates) must go through a complex process of digestion: first they are converted from a solid to a semi liquid state, and then subjected to chemical transformations. These chemical reactions are effected by special substances, enzymes, contained in the digestive juices of the stomach and intestine.

The sucking and swallowing (deglutitory) instinct is fully developed in the newborn. The lips grasp the nipple firmly, the jaws compress it, the tongue is drawn back, the lower jaw descends; negative pressure causes the milk to pass into the child's mouth after several sucking motions, and to be swallowed. The salivary glands barely function in the first three months; this causes dryness of the oral mucosa.

The stomach lies horizontally, and has an unstable irregular shape. The pylorus (the circular opening of the stomach into the duodenum) closes tightly, but the cardia (the esophageal orifice of the stomach) does not shut so tightly; this is why infants frequently regurgitate their food. The volumetric capacity of the stomach in the newborn is 30-35 ml of liquid; by six months it increases to 150-180 ml, and by one year attains 200 ml. The digestive juices of children include the same components as in adults (chymosin or rennin, hydrochloric acid, pepsin, lipase). The hydrochloric acid and chymosin content of the gastric juice of the newborn are relatively lower than in adults, increasing gradually as the child gets older. 

Peculiarities of the small intestine in infant:

1. The length is two times less than in adult.

2. The length of small intestine mesentery is relatively longer.

3. The membrane is thin and well vascularisied.

4. The intestinal glands are bigger than in adult.

5. The lymph cells are located in each little part of small intestine.

Peculiarities of the large intestine in infant:

1. The large intestine is not completely developed.

2. The length of the large intestine is the same as the body length (in any age of a child).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
3. Haustra appear after 6 months of life.

Peculiarities of the sigmoid colon in infant:

1. It is longer.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

2. It is mobile.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  3. Increasing in size during the life.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

4. The localization of sigmoid colon is upper in children who are younger 5 years than in schoolchildren (in schoolchildren it is in the pelvic cavity).                                                                                                                                                                                                                                                                                                                                                                                        

Peculiarities of the rectum in infant:
1. The localization is under the entrance into the small pelvis in preschool children.

2. In schoolchildren the rectum is in small pelvis.

3. It is longer.

3. It is mobile.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                4. The ampulla of rectum is absent in newborn. 

Intestinal flora. The alimentary tract of the fetus is sterile; usually no microbes  are to be found in the meconium (the first fecal discharge of the newborn). However, the first breath of air brings with it into the stomach and intestine a swarm of different bacteria; they are already abundant in the feces on the second and third day after birth. The majority of these bacteria are located in the lower reaches of the small intestine and in the large intestine. When a normal breast-feeding routine has been established an anaerobic flora appears in the intestine and feces of breast-fed infants; it includes Bact. bifidus, or Lactobacillus bifidus (from its forked ends in cultures); these bacteria produce lactic acid by hydrolysing lactose (milk sugar), causing the reaction of the fecal matter to become acid. The majority of bacteria require a weak alkaline medium for their development; an acid reaction of the feces causes the other bacteria to disappear. Bact. bifidus constitutes approximately 90 per cent of the entire intestinal flora. Hence intestinal disorders are observed less often in breast fed infants. When babies are nursed on cow's milk conditions for the development of Bact. bifidus are evidently unfavourable, and its place is taken by Bact. coli (or Escherichia coli), the intestinal rod; in this case the reaction of the feces is weakly alkaline, and conditions become favorable for the development of various bacteria.

The meconium (first fecal discharge) is a greenish-black pasty mass, consisting of the amniotic fluid swallowed by the fetus, mixed with mucus, desquamated epithelial cells, bile, secretion of the intestinal glands, lanugo.

On the third or fourth day the feces of breast-fed infants, containing undigested food, numerous bacteria and glandular discharge, become golden-yellow and emit a sourish odour (owing to the formation of lactic acid). If the child is being nursed on cow's milk the large amount of casein in it makes the feces lighter in colour and more solid, with a slightly putrid smell (decaying proteins). However, it must be remembered that 35 per cent of healthy, normally developing breast-fed children may have greenish stools (physiological dyspepsia).
The digestion of the infant depends on its food. Human milk has a high albumin and low casein content (albuminous milk); it is digested in two and a half hours, much faster than cow's milk with its high casein level (casein milk) that takes 3 to 3,5 hours to digest. In the mouth the milk is mixed with saliva; after the third month of life a diastatic enzyme (ptyalin) appears in the saliva; this enzyme possesses the property of hydrolyzing starch to dextrin (when babies are bottle-fed on formulas).

In the stomach the milk is curdled by a milk-coagulating enzyme, rennin, contained in the gastric juice; cow's milk curdles rapidly, forming coarse flakes (calcium caseinate or curds), breast milk curdles slowly, forming small flakes. The whey, with a part of the proteins and the greater part of fats, is delivered into the duodenum, while the calcium casemate is hydrolyzed by hydrochloric acid mid pepsin in the stomach. Owing to its high protein content cow's milk requires much more hydrochloric acid than human milk does. The products of hydrolysis of milk proteins are peptones; in the intestine the pancreatic juice, bile and glandular secretion continue the hydrolytic process; fats are emulsified and split by bile and lipase, while sugar (lactose) is hydrolyzed by various enzymes (lactase and others). The semiliquid product of digestion, the chyme, in absorbed by the small intestine, while the roughage (the undigested food residues) passes into the large intestine; here the water is absorbed from it and the feces are solidified. About 95 per cent of the constituents of milk are assimilated in the intestine.

The pancreas is fully developed and functions as in adults; it grows very rapidly (from 2.5 g at birth to 50 g at puberty). 

The liver of the newborn child is comparatively large; its lower edge protrudes from the subcostal area by 2 cm; by the end of the first year it is level with the lower ribs. Up to the age of 5-6 years the liver is still normally palpated, but any enlargement of the liver and its palpation in the abdominal cavity at a later age is pathological.

The liver plays an important part in digestion and metabolism. Its principal function is bile secretion; bile activates all enzymes, particularly the fat-splitting enzyme lipase (15 to 20 times). The amount of bile secreted is much less than in adults. The bile emulsifies the fats, i.e., breaks them up into globules, multiplying the surface of the nutritional fat many times over and thus facilitating the action of the lipase.
Moreover, the liver is a barrier that detains the toxic products formed in the intestine in the process of digestion; the liver cells render these products harmless, converting them into nontoxic substances that are subsequently carried by the blood stream into the kidneys and excreted from the body.

The amount of bile secreted at birth and in the first months of life is small; the development of the liver cells is not completed until the age of five or 6 years.

СLINICAL INVESTIGATION

The main methods of clinical investigation of the digestive system are interrogation, inspection, palpation, percussion, and auscultation.

Interrogation: appetite, thirst, dysphagia (solid or fluid food only, suddenly or gradually), regurgitation (belch), nausea, vomiting, eructation, pain in the abdomen (character, location, radiate, time, connection with eating, permanent or periodic). Stool (frequency, consistency, color, odour, admixture of blood or mucus. Have worms been observed in the stool? Is defecation painful? Does the child strain? Does prolapse of the rectal mucosa occur?

The principal questions put to the mother concerning an infant are: is the baby breast - or bottle - fed or does he receive a mixed diet? How often is he put to the breast? Is he a vigorous sucker? For how long is he kept at the breast? Does he fall asleep after a feeding or become restless? How much milk does he withdraw in one feeding? Does any milk remain in the breast after he has nursed?

Matters to be clarified when the baby is on an artificial or mixed diet are: when and what solids were first introduced, and in what manner? In which month of life? What milk formulas are given?

Questions concerning an older child: how many meals does the child have a day? What dishes are given? Is the child's appetite normal? (Lack of appetite is seen when meals are irregular and diet unsuitable and during various diseases).

If the appetite is poor, when did impairment occur? Does the child eat better in school or kindergarten? Does vomiting occur (vomiting induced by forced feeding, neuropathic vomiting, acetonemic vomiting)? Is there any trouble in swallowing? Does the child chew properly? Does he complain of abdominal pain? When does the pain appear (during a meal or after)? Is the pain connected with any definite type of food (for instance, pain in the hepatic area after the ingestion of fat food)? Where does the child himself localize the pain (only older children)? How often are the bowels evacuated?
Abdominal pain. Children frequently complain of pain in the abdomen, therefore it is important to clarify by exhaustive examination, the precise site and origin of this pain. The pain may be localized in the skin of the abdomen, in its muscles, in the peritoneum, or in the abdominal viscera. Cutaneous hyperesthesia is usually a manifestation of hyperesthesia in meningitis, typhoid, etc. Muscular pain is often observed in schoolchildren owing to too much exercise (football, skiing, etc), and is ordinarily localized in the recti muscles of the abdomen (gymnastic pain). Similar pains are seen in children during pertussis as a result of the straining associated with coughing.

Pain may be characterized as diffused or circumscribed. Diffused pain is seen in peritoneal lesions, in dysentery, etc. Circumscribed pain may provide valuable information for diagnosis, depending on its location: pain in the cecal area with the most extreme tenderness in Mc Burney's point (i. e., halfway between the umbilicus and the anterior superior iliac spine) increasing under pressure is a symptom of appendicitis. Complaints of pain in the substernal area after meals are not rare. These pains are either dull, protracted, and accompanied by a sensation of heaviness in the stomach, or acute and paroxysmal. Tenderness is located by palpation in the substernal area or lower, near the umbilicus; the case history often shows diarrhea alternating with constipation.

The above questions are only a general outline, a number of others arise in association with the nature of the child's disease.

Inspection - condition of the oral mucous, throat, tonsils (colour - pink, hyperemia, dry or moist, coated tongue follicles, fissures, geographical tongue). 

NB! Inspection of the oral cavity is conducted in the  end of the examination. 

Examination of the lips is followed by examination of the oral cavity - the teeth, tongue, mucosa of the throat, the tonsils and salivary glands.

Mouth odour deserves particular attention: the nature of this odour may sometimes indicate a disease not only of the mouth, but of the system as a whole. A putrescent odour is typical of ulcerative stomatitis and sore throat, and of carious teeth. In cases of acetonemic vomiting, severe gastrointestinal diseases, and diabetic coma an acetonic odour is quite typical; in bronchiectasis both the sputum and the exhaled air have a very offensive odour. Toxic diphtheria produces a peculiar sickening - sweet smell form the mouth. A bad odour from the mouth, particularly in the morning, is mostly caused by chronic nasopharyngitis rather than by any gastrointestinal disease.

The gums. During examination a swelling of the gums be noted, as well as porosity, redness, bleeding (avitaminosis, hemorrhagic diathesis and a number of infections), coated mucosa (white films - thrush, grayish films - aphthous stomatitis, diphtheria).

The tongue. Inspection of the tongue is important. Macroglossia (enlargement of the tongue) is seen in myxedema, when the tongue almost constantly protrudes from the mouth. In digestive disorders and acute infections (typhoid pneumonia) a white film coats the tongue. Dryness of the tongue occurs in nasal obstruction (severe rhinitis) and grave systemic diseases (typhoid fever, dysentery, pneumonia). The appearance of the tongue in scarlet fever is quite typical - bright red, with prominent papillae - strawberry tongue. A peculiar aspect is that of geographic tongue, with localized whitish and grayish thickenings of the epithelium (its occurrence is accepted as a sing of exudative diathesis). The tongue of emaciated, diarrheal children is frequently dark-red, dryish, and smooth, with no sign of the papillae - magenta tongue, a sign of vitamin B1 and B2 deficiencies. 

In examination of the mucous membrane of the oral cavity the signs to be noted are color (pale in anemia, yellowish -  in jaundice, red with excessive secretion -  in all manner of stomatitis: catarrhal, aphthous, and ulcerative, and also in bleeding and in hemorrhagic diathesis), films (a white coating in thrush), and membranes (in diphtheria). Measles is accompanied by a peculiar eruption in the mouth of reddish sports with whitish scales (Filatov's spots, also called Koplik's spots). More often aphthous ulcers appear on the buccal mucosa in the place where it is contiguous with the gums, therefore these places require the most careful attention. In the second week of life newborn infants occasionally develop lentil - sized spots on the hard palate, one on each side of the median line (Bednar's aphthae). These spots are mucosal infiltrates with superficial ulceration; their appearance is the result of faulty care of the mouth (swabbing). In syphilis whitish spots or very superficial ulcers appear at times on the oral mucosa.

In examination of the salivary glands (parotid, submaxillary, sublingual) attention is concentrated on their state - swelling of the parotid gland in parotitis (mumps), and sometimes also of the submaxillary and sublingual glands in this disease. Other signs of parotitis are erythema, edema and elevation of the parotid duct above the mucosal surface.

- shape and size of the abdomen (distended abdomen, symmetrical shape of the both halves, hollow, board-like abdomen, swelly abdomen, frog abdomen), condition of the umbilicus, visible peristaltic, participation of the abdomen in the act of respiration, umbilical veins, hernia, the integument of the abdominal wall, 

Dimension and shape of the abdomen. Normally the abdomen is on the same level as the chest and does not protrude beyond the latter (after infancy); in infants the abdomen is slightly elevated over the level of the chest. A number of pathological deviations are at times observed in the shape and size of the abdomen. 

Large belly. The most frequent causes of abdominal enlargement are: (1) meteorism resultant on acute and chronic dyspepsia and persistent constipation; intestinal stenosis, depending on its location, induces either general meteorism (Hirschspung's disease or megacolon, abdominal distention in intestinal paresis), or a local distention of the abdomen (pyloric stenosis - distention in the gastric area); (2) hypotonia of the muscles of the abdominal wall and the smooth muscles of the intestine observed in rickets, general muscular atrophy, so called intestinal infantilism which is attended by chronic diarrhea and retardation of physical development; (3) accumulation of fluid in the abdominal cavity in ascites which appears in cases of generalized dropsy (diseases of the kidneys and of the heart), local circulatory disturbances in the abdominal cavity (cirrhosis of the liver; rarer in children than in adults); (4) abdominal tumours - tumours of the liver, spleen, lymph nodes of the adrenals; sarcoma of the retroperitoneal and mesenteric lymph nodes, kidneys, or ovaries.

The shape of the abdomen, as established during examination, is to a certain extent a clue to the cause of its enlargement.

Scaphoid or navicular abdomen is a belly with sunken walls, presenting a concavity; it is seen in starvation, in underfed children, in dysentery, pylorostenosis, tuberculous meningitis.

Other findings, besides size and shape, that are ascertained by examination of the abdomen, are intestinal peristalsis, the condition of the navel, possible divergence of the recti muscles, and existence of hernia (umbilical, inguinal).

Abdominal participation in the act of breathing is also determined by examination: in cases of inflammatory processes in the peritoneum the normal infrathoracic type, of respiration alters, and respiration become thoracic.

Normally intestinal peristalsis should not be visible during examination. It is visible in children with poorly developed subcutaneous adipose tissue, in emaciated children. Peristaltic and antiperistaltic movements are seen in the epigastric and subcostal areas in infants in cases of constriction of the outlet of the stomach, pyloric spasm of stenosis. These movements occur from left to right and may be precipitated by the mechanical stimulation of the gastric walls through the abdominal integuments.

Intussusception, or the invagination or slipping of one part of the intestine into another produces intestinal obstruction, when peristalsis of separate loops of the intestine is seen.

The condition of the navel must be attend to in the first weeks of the infant's life. Ordinarily the cord sloughs off on the 5 - 7th day of life, leaving an umbilical wound with a smooth surface. The various diseases of the umbilicus include suppuration, ulceration, inflammation (omphalitis), phlegmon, granulation (frequently of a fungoid appearance), and diphtheria of the navel with a grayish film on the umbilical wound. The development of the venous network in the area of the navel is an important diagnostic factor during the first weeks of life; the condition, even if the umbilical wound has healed, may be a sign of sepsis. Faulty closure of the navel is the result of negligency and infection.

Examination of the perianal area is a means of establishing the following (1) gaping anus and mucosal prolapse of the rectum in dysentery; (2) fissures of the anus causing painful defecation; (3) syphilitic papules at the junction of the skin and mucosa; (4) presence of pinworms, a cause of intense pruritus in the perianal area, particularly at night.

Palpation
	The abdominal cavity is divided into several areas. Two parallel horizontal lines, one of which joins the costal arches, the other upper axes of the iliac bones, divide the abdomen into three portions: upper (epigastric region), median (mesogastric region), lower (hypogastric region). (Fig. 3).

Two parallel vertical lines, going through the external edges of the abdominal rectal muscle, divide the abdomen into the right and left hypochondriac and epigastric regions, mesogastric region is divided into left and right  iliac regions and umbilical region, which is located between them; the hypogastric region is divided into left and right inguinal regions and suprapubic region located between them.
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	Fig. 3. Projection of organs of abdominal cavity on anterior abdominal wall
1. Epigastric region                 2. Hypochondric region

3. Periumbilical region          4. Lumbar region
5. Pubic region                      6. Inguinal region



Palpation of the abdomen is performed with the child on his back. It is important that you warm your hands by any convenient means before your palpate the abdomen of your patient. 

1. Half flexing the patient’s hips and knees will help to relax the abdominal musculature and make palpation easier. 

2. If the patient is particularly ticklish, palpate his abdomen over his hand can acclimatize him to direct palpation by the examiner. 

3. There are 4 phases to palpation of the abdomen: (1) light palpation, (2) deep palpation, (3) bimanual palpation of the liver and gallbladder, spleen, and kidneys, and (4) palpation of the groin. 

Light palpation
· The purpose of light palpation is to check abdominal muscle tone, tenderness, and rebound tenderness. When it is performed well it can help to gain the confidence of the patient and prepare him for deep and bimanual palpation. 

· When muscle tone is increased, there is resistance to depression of the abdominal wall by the palpating hand; it commonly accompanies the presence of tenderness. 

· Tenderness is pain elicited by the palpating hand when pressure is applied to the abdomen wall. It is a sign that the peritoneum under the abdominal wall or the underlying organ is inflamed. 

· Rebound tenderness is pain elicited when pressure applied to the abdomen wall by the palpating hand is suddenly released. It is a sign that the underlying peritoneum is inflamed. 

Exercise
1. Ask the patient if any part of the abdomen is tender. Start palpation as far from that area as possible. 

2. Place the palm of your hand flat on the abdomen. Palpate gently and apply pressure by flexing the fingers in unison at the metacarpal-phalangeal joints. Check muscle tone, tenderness, and rebound tenderness as you proceed. 

3. Move your hand through all regions (usually from the lower abdomen and working your way upwards) and palpate the entire abdomen without lifting your hand off its surface in a systematic manner. 

Normal findings
· The normal abdomen feels soft to palpation; 

· There should be no tenderness or rebound tenderness. 

Abnormal findings
· Failure by the patient to relax is a common reason for increased muscle tone. This can make palpation of the abdomen difficult and be confusing to an inexperienced person. Efforts directed to making him comfortable, gaining his confidence, and distracting him (mentioned above) are helpful to alleviate this problem. Asking the patient to take slow deep breaths can also help. 

· Increased in muscle tone, tenderness, and rebound tenderness are indications of organic disease. Knowledge of the surface projection of abdominal organs is helpful in deciding which organ is involved.
Deep palpation
The purpose of deep palpation is to feel for organs in the depth of the abdominal cavity. 

· The procedure is similar to light palpation but firm steady pressure is used. However you should avoid digging your fingers into the abdominal wall. 

· Some practitioners use a two-hand approach to apply firm pressure when palpating for the caecum or sigmoid colon in the right and left iliac region respectively. 

Exercise

1. Place the palm of your hand flat on the abdomen. Apply firm steady pressure by flexing the fingers in unison at the metacarpal-phalangeal joints to feel for organs in the depth of the abdominal cavity. 

2. As you proceed, try to coordinate the flexion-relaxation motion at the metacarpal-phalangeal joints with a motion of the palpating hand moving slightly back-and-forth across the abdomen so as to “roll” your hand over the underlying organ. 

3. Move your hand through all regions and palpate the entire abdomen in a systematic manner, correlating the area you are palpating to the surface projection of the organ lying beneath. 

Normal findings
· In the absence of pathology, most abdominal organs are not palpable. In slender patients with a soft abdomen the following may be palpable: the caecum in the right iliac region, the transverse colon in the epigastrium, and the colon in the left iliac region if they are filled with feces and the pulse of the aorta in the epigastrium. 

Abnormal findings
· Lesions on the abdominal wall can be distinguished from those inside the abdomen by asking the patient to tighten his abdominal muscles (e.g., by asking the patient to lift his head off the pillow and look at his toes): those on the abdominal wall will remain palpable while intra-abdominal lesions are not. 

· When a mass is felt, its features should be described as fully as possible: 

· Location (in the wall of or inside the abdomen; also its position according to the quadrants or regions of the abdomen and its relation to other organs). 

· Shape (round, oval, irregular, etc). 

· Size (in terms of diameters in at least 2 of the 3 dimensions). 

· Consistency (hard, firm, rubbery, soft, fluctuant, indentable, pulsating). 

· Surface texture (smooth, nodular, irregular, etc). 

· Mobility (free or fixed to adjacent tissue, movement in relation to respiration). 

· Tenderness (tender or non-tender). 

· Pulsation (When pulsation is felt it is important to determine whether it is expansile or not expansile. In expansile pulsation, the outward-inward pulsetile movement occurs in all directions. In non-expansile pulsation, the pulsetile movement occurs only in one direction. If it is expansile, the palpated mass is most likely an aortic aneurysm. If it is not expansile, the palpated mass is on top of the aorta. However, a fluid filled cyst on top of the aorta may feel expansile.) 

· A clear understanding of the surface projection of abdominal organs is the best guide to determining the origin of the lesion.
Bimanual palpation 
· Bimanual palpation should be applied to organs that move with respiration: i.e., the liver and gallbladder, kidneys, and spleen. (Fig.4).
Exercise (liver and gallbladder)

	1. Lay the patient supine and sit on his right side. 

2. Slide your left hand across and behind the patient’s lowermost ribs on the right. 

3. Place your other hand flat on the anterior abdominal wall, with fingers pointing upward, lateral to the rectus muscle, and just below the costal margin. 
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	Fig.4  Bimanual palpation of the liver


4. Simultaneously push forward with the posterior hand and press inward and upward with the anterior hand while the patient is instructed to take a deep breath through his mouth. 

5. Near the peak of inspiration allow the anterior hand to rise with the abdominal wall while maintaining upward pressure. (The liver edge may be felt as it slips beneath the tip of the leading fingers or you may feel the liver moving caudad. An enlarged gallbladder may be felt half way between the xiphoid process and the flank.) 

6. Repeat the about maneuver across the abdomen to trace the liver edge as it passes from the right hypochondrium to the epigastrium. (Be aware that if you start palpation too close to the costal margin, the low-lying edge of an enlarged liver may be missed.) 

7. Note how far below the right costal margin is the liver edge palpable (e.g., not palpable, just palpable or palpable so many centimeters below the right costal margin.

The examination is frequently hampered by crying (when the patient is very young), and also by meteorism. When the child cries loudly the physician waits, keeping his hands on the abdomen, and during inhalation he cautiously palpates the margin of the liver. The surface of the liver may be smooth or knobby, its margin also varies (sharp or rounded edge, etc.) - depending on the type of hepatic lesion. 
Normal findings
· The liver can descend for up to 3 cm on deep inspiration and its edge can be, though not always, palpable just below the right costal margin without being enlarged in many normal subjects. 

· The normal liver edge is sharp, smooth, soft, and flexible. 

· In infancy the liver normally protrudes slightly from under the ribs.
· The normal gallbladder is not palpable. 

Abnormal findings
-The liver is enlarged, soft, smooth, tender.

-The liver is enlarged, firm, smooth, non-tender in obstructive jaundice.

-The liver is enlarged, hard, irregular or nodular, non-tender 
-The liver is enlarged and pulsating in tricuspid regurgitation. 

The gallbladder is palpable only if it is enlarged. 

Signs of gallblader

1. Mussy-Georgievsky sign- pain on pressure between the pedicles of m. sternocleidomastoideus (is positive in cholecystitis, subphrenic abscess)

2. Kehr's sign- tenderness on breathing in during palpation of the right hypochondrium (is positive in cholecystitis)

3. Ortner sign- pain on tapping with the edge of the hand on the right costal arch (diseases of the liver and gallbladder)
4. Murphy's sign classically is performed by asking the patient to breathe out and then gently placing the hand below the costal margin on the right side at the mid-clavicular line (location of the gallbladder). The patient is then instructed to breathe in. Normally, during inspiration, the abdominal contents are pushed downward as the diaphragm moves down (and lungs expand). If the patient stops breathing in (as the gallbladder is tender and, in moving downward, comes in contact with the examiner's fingers), the test is considered positive. 
Palpation of pancreas. Pancreas is located in the retroperitoneum and normally it is not amenable to physical examination. However, it can be palpated under the following circumstances: pancreatic carcinoma, pseudocyst of the pancreas, arising as a sequel of an acute pancreatitis, a genuine pancreatic cyst (rarely).
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	Fig. 5. Pain points in pancreas diseases:  
c. Degarden 's point 

o. Meyo-Robinson 's point

co. Line of palpation of pancreas 

abc. Shoffard's zone


Percussion of the abdomen
1. Spread the fingers of your left hand slightly and place the palmar surface of the middle phalanx of the middle finger flat over the spot you wish to percuss. 

2. Flex the distal two phalanges of the middle finger of your right hand and use its tip to strike the middle phalanx of the middle finger of the left hand perpendicularly like a hammer. Withdraw the striking finger as soon as the stroke is delivered. Delivery of the stroke is through flexing the wrist and the finger at the metacarpo-phalangeal joint and not through any actions in the elbow or shoulder. 

3. Use the slightest stroke that will produce a clear sound note.

4. Repeat the stroke until you have fully appreciated the character of the evoked sound note before you move on to the next site.
Percussion is used to delineate the borders of the liver (Fig.6), the enlarged spleen, or other masses. It is also used to determine if abdominal distention is due to gas-filled bowels or accumulation of fluid (a condition called ascites). When percussion is practiced, always proceed from a tympanitic or resonant site towards a dull or flat site and position the middle finger that receives the strike parallel to the anticipated border and not perpendicular to it.

Normal findings
• To delineate the liver borders, you should start percussing along the mid-clavicular line at the 4th intercostal space. The percussion note will change from resonant to dull at the 5th intercostal space where the upper border of the liver normally lies. This dullness will continue down to or to just below the costal margin in a normal subject.

• The only area in the normal abdomen that may be tympanitic is the left upper quadrant if the stomach is filled with gas. The percussion note in the other areas is usually dull to flat.
	[image: image6.jpg]



	




	Fig. 6. Definition of the liver size by M. Kurlov

1-2 definition of the size of liver on right medioclavicular line;

3-4 definition of the size of liver on medial line, 
3-5 definition of the oblique size of liver.


Liver size by Kurlov (in cm)        

Table 1

	Line
	Age

	
	1-3 years
	3-7 years
	7-12 years
	After12 years

	Right mid-clavicular line
	5
	6
	8
	10

	Anterior medial line
	4
	5
	7
	9

	Left oblique
	3
	4
	6
	8


Abnormal findings
• The upper border of the liver may shift downwards if the lungs are hyper-inflated due to air trapping in patients who have chronic airway obstruction and emphysema.

• Liver dullness may be lost in patients who have air within the peritoneal cavity (pneumoperitoneum), usually due to perforated bowel. However this is not a reliable sign if the volume of air in the peritoneal cavity is only small.

• The borders of a palpable spleen or other masses can be delineated by percussion. Areas within the borders will be dull or even flat to percussion; areas outside will be tympanitic.

• If abdominal distension is due to gas-filled bowels, the entire abdomen will be tympanitic.
The upper margin of the liver is defined along the mammillary line in the fifth intercostal space; the breadth of the liver increases up to the age of 12 years.

• Whether abdominal distension is due to the presence of fluid (ascites) can be determined by shifting dullness:

1. Lay the subject supine and determine the fluid level at which the percussion note changes from tympanitic anteriorly to flat posteriorly in the patient’s flanks bilaterally. (In the supine position, gas-filled bowels float on top of the ascitic fluid.) 

2. Turn the subject to his side and allow time for the fluid to gravitate before delineating fluid level again by percussion. (Fluid would gravitate to the dependent flank, which would sound flat to percussion while the non-dependent flank would be tympanitic. 

3. Now turn the patient to the other side and repeat Step 2. 

Shifting of dullness in both flanks when the patient is supine to dullness only in the dependent flank when the patient is on his side indicates the presence of ascites. The ability to demonstrate shifting dullness increases with the volume of ascetic fluid. Shifting dullness may be absent if the volume of ascetic fluid is only small.

Auscultation of the abdomen. The purpose of auscultation of the abdomen is to listen for bowel sounds produced by peristaltic activities and vascular sounds.

Exercise
1. Rest the diaphragm of your stethoscope lightly on the right lower quadrant of the abdominal wall with a steady hand and listen for bowel sounds for at least 30 seconds. (Listening over the right lower quadrant only is adequate when bowel sounds are normal. Listening over the other quadrants are indicated when abnormalities are present.)

2.  Steady the diaphragm of the stethoscope over the right upper quadrant with one hand. Shake the abdomen from side to side vigorously at the same time with the other free hand and listen for a splashing noise (succussion splash) due to wave-like motion of fluid in an air-filled cavity. (Many doctors do not practise this maneuver but you should be aware of its significance explained below.)

Normal findings
• Normal bowel sounds are intermittent and heard as bursts of continuous sound every 5 to 10 seconds. They have a medium pitch and a gurgling quality, representing the movement of air and fluid through the gastrointestinal tract.

• Succussion splash may be heard in normal subjects for up to 3 hours after a meal.

• No arterial bruit is heard in the normal abdomen.

• No venous hum is heard in the normal abdomen. In fact, venous hum is rarely heard, even in patients with portal hypertension.

Abnormal findings
• In acute bowel obstruction, bowel sounds are exaggerated in intensity due to increase in peristaltic activity. The quality of the sound ranges from low pitch gurgles (borborygmi) to high pitch tinkles. Bouts of intense activity are interrupted by periods when the abdomen is silent. In later stages, bowel sounds are less frequent and may stop all together.

Stool collection. The external appearance of the bowel excrements, their odor, color and consistency all depend on a number of diverse factors, predominant among which are the age of the child, his dietary, the condition of his intestinal tract and liver, etc. Feces consist of the undigested residue from food, intestinal section, and bacteria. The upper portion of the intestine, from the stomach to the ileocecal valve (Bauhin's valve) is almost free of bacteria. 
Bottle-fed babies also have one to three movements a day, but the consistency of these stools is thicker, giving the appearance of whitish - yellow putty, and the reaction is alkaline; the feces contain saprophytes and bacteria of the genus Escherichia. When flour is added to the baby's food, or he is given too much sugar, the color of the stool becomes darker. Greenish stool is often seen in slight digestive upsets in both breast - and bottle-fed babies; the green is the result of the conversion of bilirubin to biliverdin.

Microscopic examination of the feces is important for estimating the digestive function of the intestine; an abundance of muscular fibres, droplets of neutral fat, and a large amount of fatty acids are grounds for suspecting pancreatic dysfunction and disruption of the process of saponification and absorption of fats. This is prevailingly observed in cases of chronic or relapsing diarrhea. In protracted diarrhea the rectoromanoscopic method is also applied for excluding the possibility of chronic dysentery. 

Pathology of bower evacuation is manifested by the altered frequency, consistency, and stool odor. The following types of stools are recognized in early childhood:

"Hungry" stool when the baby is put on a hunger - water diet for therapeutic purposes during acute gastrointestinal disease, and also in cases when the child is underfed (mother cannot produce sufficient milk); the stool is sparse and dark - colored.

Dyspeptic stool in mild forms of dyspepsia are greenish - yellow, with white lumps and mucus, and are voided 5-10 times a day. The reaction is usually acid; the appearance of the stool is that of chopped eggs. The white lumps consist chiefly of fat, salts and fatty acids, partly also of casein. In severe forms of dyspepsia (toxic dyspepsia) the bowel movements are very frequent, loose, watery, green, in the form of discrete flakers; the reaction is weakly acid or alkaline.

In diseases of the large intestine (colitis, dysentery) a certain admixture of mucus and blood (depending on the severity of the condition) is present in the stools, or the latter may consist exclusively mucus and blood. Bowel evacuation may be very frequent (10 to 60 times a day), and defecation is usually accompanied by tenesma.

In chronic enteritis evacuations are bulky, grayish, foul. A specific form is the frothy stool with resembles bowel evacuations seen in sprue.

Evacuations in excessive milk diet usually shaped, pale grey or pale yellow, dryish, and foul; their reaction is alkaline (putrefactive processes). This is the saponaceous - tatty type of stool.


A monotonous starchy diet, or excessive amounts of flour in the diet yield stools, which are dark - brown, watery, and often frothy as a result of intensive fermentation.

In children of the older age groups the stool is usually shaped, and it is voided once or twice a day; a moderately fecal odor is present. In constipation the stools are very hard; in spastic constipation sheepdung stools are voided (small, round fecal masses). Foul, shaped stools are voided when there is an abundance of meat or milk in the diet. Mucous, muco-purulent, and muco - sanguineous stools are typical for colitis and dysentery. Blood in a shaped bowel movement may be due to anal fissures, hemorrhoids, rectal polyps; blood in the stool is sometimes encountered in cases of hemorrhagic diathesis. A purely bloody discharge, in the absence of fecal masses or odour, sudden in appearance, attended by just as sudden prostration and meteorism typical of intestinal intussusception, i.e., the invagination or passage of one part of the intestine into another with resulting intestinal obstruction. In infancy it is mostly the small intestine which invariants into the large intestine, causing a bulging of the right part of the abdomen. The comparatively high incidence of intussusception in early childhood is explained by the irregularity of peristalsis, which depends on immaturity of the regulating mechanisms, and also on the loose attachment of the cecum to the surrounding tissue. The rectal discharge in intussusception consists exclusively of blood, with no admixture of excrements, and with no fecal odour whatsoever. The passage of gas is absent. By these symptoms intussusceptions is distinguished from acute colitis, in which the blood is mixed with mucus and feces. Valuable findings are elicited by palpation and examination of the abdomen. The abdomen does not participate in respiration, and one part of it (mostly the right) is distended. The presence of a resilient circumscribed swelling with restricted peristalsis is defined by palpation, which causes sharp pain. Developing intestinal intussusception is frequently erroneously diagnosed as acute colitis, and thus the time most suspicious for surgery is lost. A particular type of evacuation is seen in mucous colitis (it has a number of synonyms, among them membranous colitis, chronic exudative enteritis; the condition is characterized by colicky pain during defecation, and the mucus or membranous threads, ribbons, or masses. It is more often seen in children afflicted with exudative diathesis.

The color of the stool depends on its stercobilin content, on the nature of the food ingested, and also on ingestion of medicinal preparations. An abundant meat dietary makes the feces darker than when vegetables or dairy products prevail. Beet root lends the stool a dark - red color, bilberries make it black, spinach - green. 

The acidity of the gastric juice usually diminishes in diarrhea and increases - in constipation. This irregularly in hydrochloric section is ordinarily based on dietary disturbances, particularly in schoolchildren owing to their indulging in snacks instead of meals, long intervals between the ingestion of food, too much food at one meal, sweets and starchy foods in excess. Periodic pain that appears in the stomach following a meal, or somewhat later in the intestine, is seen in neurotic, excitable children afflicted with a number of disturbances of the autonomic nervous system; the pain is generated by spasm in different portions of the gastrointestinal tract (gastrospasm, cardiospasm, pylorospasm, duodenospasm, enterospasm). Such neurotic motorial dysfunctions (dyskinesia) are confirmed by X - ray examinations with radiopaque substances. In diseases of the intestinal pain (usually paroxysmal) is fait in different parts, depending on the nature of the disease. Diffuse pain, accompanied by tenesmus, is typical of dysentery; a tenderness is detected by palpation in the umbilical area along the course of the large intestine; in severe cases the entire abdomen is involved. In catarrh of the small intestine the abdomen is distended, tender to the touch all over, and the pain is intensified by defecation.
Cholecystitis is characterized by sudden appearance of sharp pain in the right part of the abdomen and the gallbladder area; the pain is increased by pressure. Recurrent spasmodic abdominal pain is sometimes a primary symptom of tuberculous peritonitis. Findings typical of tuberculous involvement of the peritoneum and omentum are tenderness of the abdomen to palpation, and the detection through the abdominal wall of band-shaped indurations with sharply delineated margins. Intussusception (invagination of one part of the intestine into another), a condition mostly observed in early infancy, is characterized by the presence of a sausage-shaped tumour, tender to palpation, in the site of the invagination; peristalsis of separate intestinal loops is not infrequently observed. It is important to know that a similar presence of hard, tender, mobile (or at times immobile) formations may be caused by retention of fecal masses in different parts of the intestine. 

During the school age and through adolescence nervous children frequently complain of pain predominantly localized in the umbilical area; this pain is erroneously termed umbilical colic; the greatest tenderness is observed along the median line in the area of the solar plexus. Pain during defecation is caused by fissures or polyps in the anus. In infancy abdominal pain with resultant restlessness is due to a considerable accumulation of gas - meteorism; the baby usually calms down after defecation or passing gas. This pain frequently appears paroxysmally, at periodic intervals of time.

It should be borne in mind that children complain of pain in the abdomen in a number of disorders that are not located in the abdominal cavity. Thus, the presenting complain in tuberculosis of the spinal column is not infrequently abdominal pain which is intensified by physical exertion, and acquires a paroxysmal nature at night. Kidney colics (due to renal calculi) are accompanied by acute pain in the abdomen, referring to the back. When there is suspicion of renal calculi (kidney stones) an X-ray picture of the renal area must be made. Children under 6-8 years of age complain of abdominal pain when they are affected by diseases of the lungs (especially in cases of lobular and lobar pneumonia) and of the pleura. These painful sensations are interpreted as viscero -visceral reflex pain. Deep palpation of the abdomen will in such cases be found to be painless (to do this the child's attention must be distracted by a toy or by talk).

So, the semiotics of the digestive system affections includes such various sighs as a mouth odor, swelling, redness of the gums, bleeding from the gums, macroglossia, white film coats on the tongue, dryness of the tongue, a bright red tongue with prominent papilla - a strawberry tongue, a geographic tongue, tongue-biting in epilepsy, shortness of the frenulum of the tongue, pale, yellowish or red mucous membranes of the oral cavity, Koplik-Filatov's spots, aphthous ulcers, Bednar's aphthae, swelling of the parotid, submaxillary and sublingual glands, changes in the shape and size of the abdomen - large belly, hypotonia of the muscles, accumulation of fluid in the abdominal cavity, abdominal tumours, ascitis and pseudoascitis, abdominal participation in the act of breathing, visible peristalsis and antiperistaltic movements, the condition of the navel, a gaping anus and mucosal prolapse of the rectum, a fissure of the anus. Presence of worms is a cause of intense pruritis in the perianal area, vomiting, spitting up or regurgitation, liver and spleen enlargement, pathologic symptoms (Merfy's, Ortner's, Ker's, Mussi-Georgievsky's, Schetkin-Blumberg's, etc.), diarrhea, constipation, a pathological character of stool (a starvation stool, a dyspeptic stool, a stool typical for colitis, enteritis, and hepatitis), meteorism, anorexia, fever, paleness, jaundice.

Liver function tests are carried out in the same manner as for adults. Many methods have been proposed for determining the functional state of the liver, but they are all of relative value. In pediatric practice the values mostly determined are bilirubin in the blood, the bile acids and pigments, urobilin and urobilinogen in the urine (the pigment function of the liver).

The functional ability of the liver in regard to carbohydrate metabolism is determined by glucose tolerance method.

Examination of digestive system makes it possible to diagnose various diseases of the digestive system.

THE MAJOR SYMPTOMS AND SIGNS OF 

DIGESTIVE TRACT 

Disturbances of digestion and nutrition are more commonly observed in infancy. They take first place in infant mortality (up to 30 per cent of all deaths in the first year of life). Breast-fed babies are affected much less and in much milder forms than bottle-fed infants. The mortality rate among the latter is eight times higher.

Disordered ingestion may result from refusal to feed or from swallowing difficulty. Poor weight gain or weight loss suggests a severe process that necessitates further investigation. 

Dysphagia is difficulty swallowing; occurs at the level of the mouth, oropharynx, or esophagus; and results from a motor disorder or mechanical obstruction. 

Anorexia. Hunger and satiety centers are located in the hypothalamus; it seems likely that afferent nerves from the gastrointestinal tract to these brain centers are important determinants of the anorexia that characterizes many diseases of the stomach and intestine. 

Vomiting is a highly coordinated, reflex process that may be preceded by increased salivation and begins with involuntary retching. Many acute or chronic processes can cause vomiting.

Diarrhea is best defined as excessive loss of fluid and electrolyte in the stool. The greatest volume of water is absorbed in the small bowel; the colon concentrates intestinal contents against a high osmotic gradient. 

Constipation. Any definition of constipation is relative, dependent on stool consistency, stool frequency, and difficulty in passing the stool. A hard stool passed with difficulty every 3rd day should be treated as constipation. 

True constipation in the neonatal period is most likely secondary to Hirschsprung’s disease, intestinal pseudo-obstruction, or hypothyroidism.
THE MAIN DIGESTIVE TRACT DISORDERS

The child's lips, together with tongue, chin, and cheeks participate in the complicated act of sucking, which frequently calls for considerable effort. 

Therefore disturbances in sucking may be due to defect in one of these organs. 

Cleft Lip and Palate. A cleft lip, which occurs in approximately 1 in 600 births, is a vertical opening in the upper lip, which may appear as a notch in the lip or may extend upward into the nose. Cleft lip is more common in males; cleft palate is more common in females. Evidence also indicates that there is a slight tendency for familial occurrence.

Cleft lip or cleft palate can be one sided (unilateral) or two sided (bilateral). 

Cleft lip and palate cause difficulty feeding if the newborn is not able to suck effectively. In addition, milk that goes into the mouth may be expelled through the nose. Special nipple and feeding devices assist in feedings.

Esophageal Atresia. In esophageal atresia, the upper end of the esophagus ends in a blind pouch, making it impossible for the newborn to obtain food. Surgery must be performed quickly. The baby sometimes is maintained on total parenteral nutrition until surgery.

Tracheoesophageal Fistula. When esophageal atresia is accompanied by a tracheal fistula, the situation is much more life threatening. Because food or mucus is channeled from the esophagus directly into the lungs, this condition must be corrected immediately, or the child will aspirate and suffocate. Emergency surgery is performed immediately with no feedings given prior to surgery.

Pyloric Stenosis is a congenital anomaly in which there is an increase in the size of the musculature at the junction of the stomach and small intestine. P.S. occurs in 1: 150 boys and 1:750 girls. Increased incidence in monozygotic twins and close relatives suggests a genetic contribution. Symptoms usually begin gradually in the second or third week of life. Vomiting becomes frequent, copious and forceful (projectile vomiting). The neonate is fussy and hungry, loses weight, and becomes dehydrated. Surgical correction is necessary. 

Diagnosis may be confirmed by ultrasound, demonstrating a large pylorus and a narrow elongated canal. A contrast meal may be necessary for diagnosis.

Intussusception is the telescoping of one part of bowel into another. It is usually caused by hyperactive peristalsis in one part of the bowel and hypoactivity in the other part. One danger is that blood supply may be cut off, causing gangrene. This condition is most common in infants. 

Ultrasound may be helpful in diagnosis. The diagnostic and therapeutic method of choice is air contrast enema. Air is insufflated per rectum and will hopefully reduce the intussusception. If reduction is unsuccessful or there is perforation or gangrenous bowel, operation and possibly resection is needed.

Presentation of intussusception is with:

Paroxysms of colicky pain

Between attacks quiet and pale

Cardinal feature of obstruction

Redcurrant jelly stool (blood and mucus)

Sausage-shaped mass (often right upper quadrant).

Chalasia
A newborn may vomit because the cardiac sphincter is not functioning properly. This condition is called chalasia. As a result, food is regurgitated into the esophagus. If dehydration or malnutrition do not occur, there is usually no treatment, because this condition often resolves itself. If caused by a hiatal hernia or an abnormally short esophagus, surgery may be necessary. An upper GI x-ray is diagnostic.

Meckel's Diverticulum is a congenital disorder in which a small portion of the ileum ends in a blind pouch just before its junction with the colon. The symptoms include the passage of bloody or tarry stools. There is no pain unless the diverticulum is inflamed. Treatment consists of removing the pouch surgically. Complications are rare. Preoperative and postoperative care is routine.

Canker Sores (Aphthous Stomatitis) are recurrent, small, white, painful ulcers that appear on the inner cheeks, lips, gums, tongue, palate, and pharynx. No one knows exactly what causes them; however, many local and systemic factors, such as food and drug allergies and physical and emotional stress, have been suggested.

Dental trauma is the most common factor in inducing recurrent canker sores. Premenstrual flare-ups and remissions during the third trimester of pregnancy are common. Canker sores may be associated with chronic ulcerative colitis, Crohn's disease, and malabsorption syndromes. Herpes simplex virus is usually not cultured from canker sores, although it is believed that the cause is viral.

No effective treatment has been found. The sores usually heal on their own in a few days. The use of topical anesthetics (eg, benzocaine or lidocaine) may help to relieve the pain. Silver nitrate stick application destroys nerve endings and may provide relief of pain. Application of a solution of tetracycline may improve healing in some patients. Oral lysine also is believed to be helpful.

Chronic Disorders

Achalasia is a motility disorder of the lower two-thirds of the esophagus in which the food cannot pass into the stomach. Causes include absence of effective or coordinated peristalsis of the body of the esophagus or failure of the cardiac sphincter to relax.

The most prominent symptom of achalasia is difficulty in swallowing. Achalasia is chronic and progressive. Patients often use large volumes of fluids or bulk in an attempt to force the cardiac sphincter to open and allow food to move into the stomach. Thus, malnutrition and vitamin deficiencies may develop. These patients also are susceptible to respiratory problems caused by aspiration of the regurgitated esophageal contents.

A barium swallow with esophagoscopy may be done to assist the diagnosis. These procedures also can be used to monitor the progression of the disorder.

Disorders of the Stomach
Inflammatory Disorders

Gastritis, which is inflammation of the stomach, is often called indigestion. It occurs in acute, chronic, and toxic forms. Acute gastritis is caused by overeating, ingestion of irritating drugs (such as aspirin or steroids), food poisoning, overuse of alcohol, or a microbe. The major symptom is abdominal pain, often with anorexia and nausea. Enteritis (inflammation of the intestine) is often present as well. Offending foods or drugs are removed, and a bland diet of liquids or soft foods is given, along with antacids.

Chronic gastritis continues over time. Pain may occur after eating, but often there is no pain. Causes include excessive alcohol use, vitamin deficiencies, hiatal hernia, ulcers, and abnormalities in gastric secretions. Treatment is similar to that of peptic ulcer.

Toxic gastritis follows ingestion of poison or a corrosive. It is evidenced by burning stomach pain, cramps, nausea, vomiting, and diarrhea. The emesis or diarrhea may be bloody. This is an emergency situation; the patient is treated by poison-control specialists in the emergency room. The poison is either flushed out by gavage or neutralized, if possible with a substance such as activated charcoal.

The overgrowth and presence of the microorganism Helicobacter pylori in the mucosa of the stomach and duodenum have been strongly associated with antral gastritis, duodenal ulcers, and to a lesser degree, gastric ulcers. The antral area is the prox​imal, expanded part of the pylorus.

Colonization appears to occur in childhood. Diagnosis may be made by serology, a stable isotope test which exploits helicobacter's ability to split urea and produce carbon dioxide, and endoscopic biopsy. If helicobacter is found, most prescribe eradication therapy.

Jaundice results from an excessive concentration of bile salts in the bloodstream, which causes a yellow discoloration of the tissues. Anything that interferes with the work of the liver or obstructs the flow of bile into the intestines causes bilirubin to accumulate, and jaundice is a sign of the increased bilirubin in the blood (bilirubinemia). This yellow discoloration of the tissue is particularly notice​able in the whites of the eyes. Jaundiced skin is easily observed in the white or African American patient, but it is difficult to detect in Asian Americans. A deficit of bile in the intestines interferes with fat digestion, causing the stools to float and to appear pale and fatty and have a disagreeable odor. The bile salts that have escaped into the tissues make the skin itch; the urine is dark. Treatment depends on the cause of jaundice.

Liver failure (hepatic coma), characterized by tremors and mental changes, including stupor or coma, is serious. It may occur after massive GI hemorrhage, as a complication of some surgical procedures, after massive infections, and following an overdose of certain drugs. It also occurs in the patient with cirrhosis. 
Diagnostic Tests

Laboratory Tests. The special tests commonly used in diagnosing GI difficulties include laboratory examination of blood, urine, stomach contents, and feces. Stomach contents may be examined to detect bacteria, blood, organic acids, and acid salts. 

Blood Tests for Liver Disorders.

- Serum liver profile or liver function tests (LFTs), which commonly include total bilirubin, albumin, total protein, alkaline phosphatase, serum gammaglutamyl transpeptase (GGT), serum aminotransferase (AST; formerly SGOT), serum alanine aminotransferase (ALT; formerly SGPT), lactatedehydro-genase, cholesterol, and triglyceride levels, are valuable as indicators and trending of abnormal liver processes. 


- Hepatitis profile identifies the presence of antibody and antigen for the hepatitis A, B, or C virus. Recent exposure, past contact, and the clearing of virus from the body can be determined by this test.

Fecal occult blood test is valuable for determining the presence of occult blood (hidden GI bleeding) and for distinguishing between true melena and melena-like stools. Certain medications, such as iron supplements, activated carbon  and bismuth compounds, can darken stools so that they resemble melena.

Because certain foods can alter the test results, a special diet is often recommended. The following foods should not be eaten 48-72h before taking the test: beets, broccoli, cantaloupe, carrots, cauliflower, cucumbers, grapefruit, horseradish, mushrooms, radishes, red meat (especially meat that is cooked rare), turnips, vitamin C-enriched foods or beverages. 

Occult blood tests are particularly important for early detection of peptic ulcer (in the stomach and duodenum), colorectal cancer. To confirm a positive result, the test must be repeated at least three. Even then, a confirmed positive test doesn't necessarily indicate colorectal cancer. It does indicate the need for further diagnostic studies because GI bleeding can result from many causes other than cancer, such as ulcers and diverticula. These tests are easily performed on collected specimens or smears from a digital rectal examination.

Sometimes appearance of blood in the intestines is of some other  reason:-eruption and dental treatment, nasal bleeding, injury of mucous membrane of oral cavity, alimentary character - eating of poorly processed meat, liver. 
Fecal elastase refers to the testing of the concentration of the pancreatic elastase-1 enzyme found in fecal matter with an enzyme-linked immunosorbent assay (ELISA). Results of this test can give a good indication of exocrine pancreatic status and is less invasive and expensive that the current “gold standard”, secretin-cholecystokinin test. Levels of fecal elastase lower than 200 μg/g of stool indicate an exocrine insufficiency. 
Endoscopy Investigation Of Gastrointestinal Tract
Ultrasonography (ultrasound) uses high-frequency sound waves that are directed back toward a transducer placed over the abdomen. The sound waves are interpreted as electrical impulses that display on a special monitor. Gallstones within the gallbladder and tumors of the abdomen can be identified by abdominal ultrasound. This test is becoming the preferred diagnostic tool, especially to rule out gallstones. No preparation, other than NPO after midnight, is required for ultrasound.

Esophagogastroduodenoscopy is a diagnostic endoscopic procedure that visualizes the upper part of the gastrointestinal tract up to the duodenum. It is considered a minimally invasive procedure since it does not require an incision into one of the major body cavities and does not require any significant recovery after the procedure (unless sedation or anaesthesia has been used). 
Esophagogastroduodenoscopy is used for diagnostic upper gastrointestinal bleeding as evidenced by hematemesis or melena; heartburn and chronic acid reflux, persistent vomiting, dysphagia, etc

X-ray and Fluoroscopic Examinations

Barium Swallow. For examination of the stomach and duodenum, an upper GI series (upper GI or barium swallow) is undertaken. The patient drinks a prepara​tion of barium; it is thick and chalky, and some people find the consistency unpleasant. After 1 or 2 hours, x-rays are taken of the small bowel. The rate at which the barium travels through the small intestine is significant in some digestive tract diseases.

In an upper GI series, the area to be examined also may be positioned under the fluoroscope as the patient drinks the fluid, and the outline of the stomach, its outlet, and the intestinal tract may be observed as the fluid progresses through the GI tract. X-ray films also are taken at definite intervals as a permanent record of the outline of the stomach and intestine.

Barium Enema. The barium preparation is given rectally if the colon is to be examined and is known as a barium enema or lower GI series. If a barium enema to be given, the solution will be administered by enema. The patient may worry about being able to retain the solution.  

Care of patients with digestive system diseases includes a proper regime of nutrition, sometimes - a strict diet, treatment according to a therapeutic plan, control of weight, control of stool, performance of paraclinical investigations.
Tests for self-training

1.  The entrance to the oesophagus in newborns is at the level of: 
A. the 3rd-4th cervical vertebrae*
B. the 4th-5th cervical vertebrae
C. the 5th-6th cervical vertebrae
D. the 6th-7th cervical vertebrae
E.  the 3rd-4th thoracic vertebrae

2. Specify a symptom commonly found in the disease of gallbladder.

A. Mendel’s sign 

B. Kerh’s sign*
C.  Pasternacky’s  symptom 
D.  Degarden’s sign 

E.  Meyo-Robinson’ sign

3. What diseases of the digestive organs are “early” pains in the abdomen related to?

A. Antral gastritis*
B. Duodenitis

C. Oesophagitis

D. Ulcer of duodenum

E. Hepatitis A

4. A sandglass syndrome is typical for:

A. Pylorospasm

B. Pylorostenosis*

C. Malabsorption syndrome

D. Achalasia of the cardia

E. Intussusception

5  Physiological jaundice is  characterized by:
A. Acholic stool

B. Yellow stool * 
C. Requires treatment
D. Appearance on the 7th day of life
E. Grave condition
6.  What is the physiological volume of the stomach at birth? 
А. 3 -5 ml



В.  7-10  ml*

С. 15-20 ml


D. 50 -55ml

E. 80 -90ml

7. In healthy children the lower edge of their liver is palpable up to the age of:
A. 2-3 years


B. 5-7 years*

C. 10-12 years


D. 1 year

E. 6-9 months

8. Which sign of the given below is not typical of the pancreatic island apparatus affection?
A. Polydipsia




B. Polyuria
C. Skin dryness
D. Hypertension*
E. Polyphagia
9.  What is the most probable factor for the development of the ulcerative disease of the stomach?

A. E. Coli 



B. Alimentary factor

C. Helicobacter pylory*

D. Helminthic invasion


E. Stress

10.  A boy, aged 10 days, was born after the first normal delivery with the body weight of 3600 g. Since the first days of life, there have been inconstant regurgitation and vomiting 1-2 times a day. The vomits have no admixtures of bile. The body mass is gained slowly. The stool is moderate. What pathology can be suspected?

A. pylorospasm*



B. incomplete intestinal turn

C. adrenogenital syndrome

D. pylorostenosis



E. acute gastritis
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