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Gastrointestinal Critical
Care Problems
Shari Simone

HEPATIC FAILURE

EMBRYOLOGY

Etiology
Consequences of Hepatic Failure
Complications of Hepatic Failure
Critical Care Management

ESSENTIAL ANATOMY AND PHYSIOLOGY

Motility
Secretion
Digestion and Absorption

SUMMARY

GASTROINTESTINAL AsSESSMENT

Abdominal Examination
Laboratory and Radiologic Assessment
wide variety of gastrointestinal (GI) problems occur in
infants and children that may require intensive nursing
care. Problems of the GI tract range from intussusception,
treated by simple reduction with barium enema (BE), to
fulminant liver disease with GJ bleeding. GI disorders rarely
occur in isolation but are often associated with other
congenital defects or with multisystem dysfunction, placing
infants and children with these disorders at high risk for
morbidity and mortality.
GI problems result in the final common pathways of
obstruction, GI and peritoneal inflammation, GI bleeding,
and hepatic failure. The existence of one of these final
common pathways often predisposes the child to the
development of another. For example, the infant with an
intestinal obstruction is at increased risk for developing
perforation and/or necrosis of the bowel with peritoneal
inflammation without prompt treatment. Critical care nurses
play a vital role in the recognition and prevention of the
progression of these final common pathways.

A

GENERAL PRINCIPLES OF MANAGEMENT

Gastric Decompression
Intravascular Volume Replacement
and Maintenance
Pharmacologic Management
GASTROINTESTINAL OBSTRUCTION

Esophageal Atresia
Duodenal Obstruction
Jejunoileal Obstruction
Intussusception
Toxic Megacolon
GASTROINTESTINAL INFLAMMATION

Gastroesophageal Reflux
Peritoneal Inflammation
Necrotizing Enterocolitis
Short Bowel Syndrome
Pancreatitis

EMBRYOLOGY

GASTROINTESTINAL BLEEDING

Acute Gastritis
Lower Gastrointestinal Bleeding
Esophageal Varices

The digestive tract and biliary passages develop from
the primitive gut. J As early as the third week of gestation the
primitive gut can be differentiated into the foregut, the
midgut, and the hindgut. The pharynx, esophagus, stomach,
duodenum (proximal to the opening of the bile duct), liver,
pancreas, and bile duct system develop from the foregut.

ABDOMINAL WALL DEFECTS

Omphalocele and Gastroschisis
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The duodenum distal to the opening of the bile duct,
jejunum, ileum, cecum, appendix, ascending colon, and
proximal part of the transverse colon are derived from the
midgut. Other parts of colon including the left one third to
one half of the transverse colon, the rectum, and the superior
part of the anal canal originate from the hindgut.
The esophagus and trachea are one tube until the fourth
week of gestation, when the tracheoesophageal septum
forms to separate the laryngotracheal tube and the esophagus. The esophagus is almost occl uded by the proliferating
epithelium during the fifth to sixth week of gestation. At
about 7 weeks, the esophagus elongates and reaches its final
length. By the end of the embryonic period, the esophagus
hollows (recanalizes).
The stomach is first distinguished as a dilation of
the gut during the fourth to fifth week of embryonic
development. The stomach rotates clockwise longitudinally
and moves from the neck region into the abdomen. The
growth rate of the stomach wall varies, forming lesser and
greater curvatures and giving the stomach its asymmetric
appearance.
The liver, gallbladder, and biliary duct apparatus begin
development during the fourth to fifth week of gestation
from the hepatic diverticulum. The liver grows rapidly and
soon fills most of the abdominal cavity. In the sixth week of
gestation, hemopoiesis begins, giving the liver a bright red
appearance. By the end of gestation, hemopoietic activity
subsides, liver growth slows, and its size relative to body
weight is reduced. The biliary apparatus is functional by the
thirteenth to sixteenth week.
Bile formation by the hepatic cells begins during the
twelfth week. Bilirubin (bile pigments) begins to form and
enter the duodenum during the thirteenth to sixteenth week
of development. Bilirubin gives duodenal contents a dark
green or meconium color. The biliary apparatus is functional
at the thirteenth to sixteenth week of gestation.
The pancreas is created from ventral and dorsal buds
and fuse in its final form during the seventh week of
gestation. Somatostatin-, glucagon-, insulin-, and pancreatic
polypeptide-containing cells appear at or before the tenth
week of gestation. Insulin secretion begins at about the
twentieth week.
The duodenum begins to develop early in the fourth week
of gestation, originating from the foregut and midgut. The
duodenum rotates with the stomach. During the fifth and
sixth weeks, the lumen of the duodenum narrows and may
be occluded by epithelial cells. By approximately the sixth
week, the gut lengthens rapidly and causes aU-shaped
region of the future jejunum and the entire transverse colon
to transiently herniate into the umbilical cord. The intestines
continue to develop within the umbilical cord. At the tenth
to twelfth week of gestation, while the intestines rotate
counterclockwise 270 degrees, reentry of the intestines
occurs. By the end of the embryonic period, the lumen
hollows. Further positioning of the small intestine, appendix, and transverse and sigmoid colon continues until the GJ
tract assumes its final anatomic position at the twentieth
week of gestation and becomes fixed to the posterior
abdominal wall.

The colon is formed at the sixth week of gestation by
division of the rectum and upper anaJ canal from the
urogenital sinus. The rectum arid the superior part of the
anal canal are also separated from the exterior by the cloacal (anal) membrane. This anal membrane normally
breaks down by the seventh to eighth week, forming the anal
canal.

ESSENTIAL ANATOMY AND PHYSIOLOGY
Growth and maintenance of the human body is dependent on
the digestion and absorption of nutrients and water. This
process begins in the oral cavity and ends at the anal
sphincter. The GJ tract is supported by a rich blood supply,
the lymphatic system, and intrinsic and autonomic nervous
innervation, which allows for food to be moved through the
body, where it is exposed to and absorbed by a large surface
area. A review of the developmental physiology of the
digestive tract is presented in Fig. 22-1.
The oral cavity includes the lips, tongue, cheeks, teeth,
taste buds, and salivary glands. These structures decrease
the size of food, stimulate saliva secretion, and move food
into position for swallowing.
The pharynx provides for the movement of food into the
esophagus. Food passes through the pharynx to the esophagus in approximately I second.
The esophagus is a channel for the passage of food from
the pharynx to the stomach. Along the length of the
esophagus are glands that secrete mucus to provide lubrication for the passage of food. The lower gastroesophageal
sphincter is located at the distal 2 to 5 cm of the esophagus.
This sphincter surrounds the opening of the stomach with
increased amounts of muscle and remains narrowed until a
wave of peristalsis moves through it.
The stomach is a pear-shaped organ with the esophagus
at the top end and the duodenum at the lower end. The
stomach is the most dilated part of the GJ tract and is an
easily distensible reservoir for food. In infancy, the stomach
usually is transverse. By approximately age 7 years, it is the
shape and position of the adult stomach. At birth, the
stomach has the capacity to hold approximately to to 20 ml.
By 3 months, the stomach's capacity is 150 to 200 ml, and
by age to years it is about 750 to 900 ml. Stomach capacity
is important to consider when providing enteral feedings for
the critically ill infant. The lining of the stomach is made up
of mucosal folds called rugae. Within these folds are chief,
parietal, and mucous neck cells that secrete various elements
of digestive juice. The newborn stomach mucosal wall is
thinner than that of an adult.
The liver and pancreas empty into the small intestine.
The pancreas lies parallel to and beneath the stomach and
has the internal structure identical to that of the salivary
gland. The major function of the pancreas is digestion and
utilization of dietary nutrients. The liver assists with
digestion by synthesizing bile acid.
The small intestine consists of the duodenum, jejunum,
and ileum and extends from the pyloric sphincter at the
bottom of the stomach to the ileocecal valve. The lining of
the small intestine consists of folds called villi that project
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Liver-Produces bile, which enters
the duodenum via ducts and lowers
the surface tension of fats. Bile
increases effectiveness of pancreatic
lipase. Deficiencies in quantity of
many enzymes in the neonate
result in difficulty metabolizing
large protein loads and make some
amino acids (cystine, taurine)
normally nonessential in adults,
essential in prematures and
neonates. Decreased concentration
of bile acids in neonates limits
ability to handle fal. Colostrum
has less fat than mature milk. Fat·
absorption ability reaches adult
level by 4 to 12 months of age.

---------\1_.'

Pancreas-Produces trypsin, :---IC?1E~~--.'""(".,.4
lipase, and amylase, which are
activated in the small intestine.
Also produces insulin and glucagon,
which influences body metabolism.
Feeding promotes rapid growth
and development and stimulates
maturation of pancreatic hormone
secretion after birth. Neonates digest
and absorb fat with more difficulty
than they do protein and
carbohydrates, which is thought
to be related to decrease in
pancreatic lipase.

Large intestine-Absorbs some
water and electrolyles. Most of
digestion complete. Remainder of
intestinal contents excreted as
feces. Colonization of large
bowel by bacteria stimulates its
growth after birth.
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Oral cavity-Ghewing breaks food
into small portions. Salivary mucin
and amylase mix with food and
initiate breakdown of complex
carbohydrates. At birth saliva has
low amylase activity « 5% of adult
levels) but reaches adult levels
by 6 months.

Lower esophageal sphincter
Gallbladder
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Stomach-Mixes food with gastric
juices (hydrochloric acid, mucus,
water, and enzymes). Enzymes
convert as follows:
Pepsin-proteins to proteoses
and peptone
Renin-easeinogen (in milk) to
casein
Lipase-lipids to fally acids
Holds only 10 to 20 ml at birth and
has a very rapid emptying time.
Rapidly grows following initiation
of feedings. Parietal cells are well
differentiated and producing
hydrochloric acid at 3 months
of age.
Small intestine-Villi secete intestinal juices containing enterokinase
(activates pancreatic trypsin, which
hastens protein breakdown) and
amylase (acts on carbohydrates).
Epithelial cells contain:
Peptidases-eonvert peptides to
amino acids
Lipase-ats to fally acids and
glycerol
Sucrase, maltase, isomaltase,
lactase-reduce disaccharide
sugars to monosaccharides
Absorbs water, carbohydrates,
proteins, fats, vitamins, and mineral
salts. Nutrients are returned to
circulation for use or storage.
Fragile at birth but thickens and
strengthens rapidly in response
to feeding. Secretory and absorbing capacity are well developed
at birth; digestive enzymes for
nutrients in milk are present
at birth.

Fig. 22·1 Developmental physiology of the digestive tracl. (From James SR, Mott SR: Child heallh
nursing: esselllial care of children and families, Reading, Pa, 1988, Addison-Wesley.)

into the intestinal lumen. Microvilli cover the membranes of
mature epithelial cells that make up the villus tip and form
the brush border region. The brush border contains digestive
enzymes and contributes to the transfer of nutrients and
electrolytes. This area is highly specialized for absorption.
Pitlike structures exist between villi called the crypts of
Lieberkuhn and are composed of absorptive cells and goblet
cells that produce mucus. Three sets of lymph nodes also
exist along the bowel.
The large intestine begins with the ileocecal valve at
the cecum. It includes the appendix and extends through the

ascending, transverse, and descending colon and ends at the
rectum and anal canal. the internal and external sphincters
are made up of the anorectal ring. In the large intestine, there
is an increase in the number of goblet cells.
An infant's intestinal length is proportionately larger than
that of an adult. This proportional increase allows for larger
amounts of fluid to be lost by the infant.
The physiologic and biochemical functions of the GI
tract are dependent on motility, secretion, digestion, and
absorption. At birth, most of these functions are present,
although some developmental differences in absorption,
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Box 22·1

DevelopmentalOifferences ·of Infant's
Gastrointestinal Tract . ..

Decreased pool of bile acid
Increased permeability to whole proteins
Increased gastrin and cholecystokinin level
Mucosal wall is proportionally longer
Immature pancreatic secretory function
Lower trypsin, chymotrypsin, and carboxypeptidase B levels
From Matil K: Development of the gastrointestinal tract. In Wyllie R,
Hyams JS, eds: Pediatric gastrointestinal disease, Philadelphia, 1993,
WB Saunders.

membrane permeability, and types of gastric secretions do
exist (Box 22-1).

Motility
Movement within the GI tract is initiated by muscle
contraction and is influenced by the nervous system, blood
flow, temperature, and hormones. 2 •3 The intestinal tract is
stimulated by distension, most often from the presence of
food. Peristalsis, the basic propulsive movement, is initiated
and moves the digested material through the alimentary
tract. Peristaltic movement occurs because a group of
muscles encircle the lumen of the gut and contract around
the digested material creating a pocket. As the muscles
below the pocket relax, the longitudinal layers of the gut
constrict and propel the contents forward.
During swallowing, food is transported from the posterior part of the mouth to the stomach. The process of
swallowing is initiated by the central nervous system.
Stimulation of receptors around the opening of the pharynx
elicits the swallowing reflex and protects the trachea. The
act of swallowing is primarily an automatic reflex for the
first 3 months of life. Swallowing starts to become voluntary
beginning at 6 weeks, and by 6 months it is fully voluntary.
The primary peristaltic wave spreads into the stomach in 8
to 10 seconds. If this primary peristaltic wave does not move
all the food to the stomach, secondary waves are initiated.
During peristaltic contractions, the stomach and duodenum
become relaxed and fill.
When the stomach is distended, peristaltic waves act to
mix the food. During this time, the pylorus remains almost
closed, allowing only water and other fluid to empty.
Periodically, the waves of peristalsis become markedly
stronger. The stronger pressure gradient results in the
semiliquid food called "chyme" to move into the duodenum. The rate of gastric emptying is influenced by the
osmolarity and volume of the food. Hypertonic feeds and
high fat content delay emptying. Once peristalsis has
developed in the newborn, the stomach empties in approximately 2 hours. The rapid transit time and small stomach
capacity contribute to the frequency and amount of feeding
and stools in infants. Human milk moves through the
stomach faster than cow's milk 4 In older infants and
children, gastric emptying occurs in 3 to 6 hours.

As chyme enters the small intestine, contractions similar
to those in the stomach occur. These peristaltic waves are
weak and function to move some of the chyme toward the
colon, spreading it along the intestine. Most of the chyme
will stay in the duodenum until additional food is eaten and
a new gastroenteric reflex intensifies peristalsis.
When chyme reaches the colon, contractions are poorly
coordinated. These sluggish but persistent movements may
occur several times each day. The result is a delay of 8 to 15
hours to move chyme from the ileocecal valve to the
transverse colon.
Defecation is stimulated when feces enter the rectum.
Peristaltic waves in the descending colon, sigmoid, and
rectum are initiated. Relaxation of the internal sphincter
results in contraction of the external sphincter. Voluntary
control of the external sphincter allows a person to inhibit
sphincter contraction, permitting defecation. Voluntary control of the external sphincter also allows for keeping the
sphincter contracted.

Secretion
Throughout the GI tract, glands secrete enzymes and
hormones used in digestion (Table 22-1). Mucus is also
secreted to lubricate and protect the alimentary tract. The
presence of food usually stimulates the glands in the region
of the food and the surrounding areas to secrete digestive
juices. The secretion of saliva by the parotid, submandibular, and sublingual glands begins the process of digestion
and absorption. Gastric secretion is regulated by the parasympathetic fibers of the nervous system and by hormonal
mechanisms. In the stomach, gastric pepsin initiates protein
digestion. Gastric lipase affects fat hydrolysis.
Pancreatic juice is released into the duodenum mainly in
response to the presence of chyme. The composition of the
pancreatic juice varies depending on the food substances
ingested. Large volumes of bicarbonate ions neutralize the
acid from the stomach. Also contained in pancreatic juice
are various enzymes that act on proteins, carbohydrates, and
fat. Pancreatic secretion, like gastric secretion, is regulated
by neural and hormonal mechanisms. Bile and bile salts
(end product of cholesterol metabolism and the largest
component of bile) are also released into the duodenum by
way of the bile duct apparatus. Bile is produced and secreted
by the liver and is essential for the absorption of fats and
fat-soluble vitamins from the gut. Intestinal glands are
stimulated by tactile stimulation, chemical irritation, distension, or motility within the gut.
Brunner glands and other cells of the intestinal mucosa
secrete mucus. The crypts of Lieberktihn secrete pure
extracellular fluid, supplying a vehicle for absorption of
substances from chyme. The large intestine is lined with
mucous cells that secrete only mucus.

Digestion and Absorption
Digestion and absorption by the GI tract provide the organic
molecules of fat, carbohydrates, and protein to provide
energy for the body to function. The gut prepares food by
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Selected Gastrointestinal Enzymes and Hormones

,,,,.,,allval v glands

Enzyme

Action

Ptyalin (salivary amylase)

Starch to smaller carbohydrates

Pepsin (chief cells) intrinsic factor
Gastric lipase
Gastrin

Protein to polypeptides
Triglycerides to glycerides and fatty acids
Stimulates gastric acid secretion in the presence of stomach
distension
Inhibits various hormones, secretions, and motor effects
Protein to amino acid
Protein and polypeptides to amino acids

Somatostatin*
Elastase
Trypsin
Chymotrypsin
Nuclease
Carboxypeptidase A and B
Pancreatic lipase
Pancreatic amylase
Cholesterol esterase
Phospholipase A,

Enteroglucagon
Brush border enzymes:
Aminopolypeptidase
Dipeptidase
Maltase
Lactase
Sucrase
Intestinal lipase
Gastrone
Secretin
Cholecystokinin-pancreozymin
(CCK-PZ)

Nucleic acids to nucleotides
Polypeptides to smaller polypeptides
Lipids to glycerol, glycerides, free fatty acids
Starch to two disaccharide units (maltose)
Hydrolysis of ester bonds in cholesterol and vitamins
A, D, and E
Phospholipid digestion
Inhibits gastric function
Polypeptides to smaller peptides
Dipeptides to amino acids
Maltose to glucose
Lactose to glucose
Sucrose, glucose, fructose
Fats to glycerides, glycerol, fatty acids
Inhibits gastric secretion in presence of fats, sugars,
and acids
Stimulates hepatic bile and pancreatic electrolyte and fluid
secretion in the presence of polypeptides and acids
Stimulates pancreatic enzyme secretion and gallbladder
contraction to release bile in the presence of fats

found in the pancreas and small and large intestine.

chemical and mechanical means so it can be absorbed
through the mucosal lining into the blood and lymph.
All major nutrients are absorbed in the small intestine.
Bile salts and vitamin B 12 are absorbed only in the terminal ileum. The large intestine is primarily concerned with
the absorption of water and electrolytes and functions in
the synthesis of vitamin K and some B complex vitamins. The resultant feces usually consist of three-fourths
water. The remaining one fourth is solid material, of which
approximately 30% is dead bacteria. The brown color is the
result of breakdown products of bilirubin called stercobilinogen. Table 22-2 lists the nutrients obtained through food
and their site of absorption.
Carbohydrate digestion begins in the mouth where food
mixes with ptyalin (also known as amylase), an enzyme
contained in saliva. Ptyalin hydrolyzes starch into maltose
and other small glucose polymers. Pancreatic amylase and

TABLE

22-2 • Nutrient Site of Absorption
Primary Sites of Absorption

Duodenum, upper jejunum
Jejunum. ileum
Jejunum, upper ileum
Duodenum, jejunum
Duodenum, upper jejunum
Jejunum, ileum
Jejunum, ileum
Duodenum
Duodenum
Duodenum
Jejunum, ileum
Terminal ileum
Stomach, small and large intestine
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various other enzymes from the brush border of the
intestinal epithelium are responsible for further digestion of
carbohydrates in the small intestine. Carbohydrates are
absorbed mostly in the form of a monosaccharide, such as
glucose, galactose, and fructose. Glucose transport is related
to the sodium-coupled glucose transport system. The
glucose and galactose transport rate in infants is low
compared with that in adults and apparently increases
during the first year of life. The digested products are
absorbed into the portal blood. Most of the carbohydrates
are used for energy, although some excess glucose is stored
as glycogen in the liver. Additional carbohydrates are
changed into fat and stored as triglyceride.
The digestion of protein begins in the stomach with
gastric acid secretion. These acids denature complex proteins, making them more conducive to the actions of
proteolytic enzymes. Pepsin begins the digestion of protein
in the stomach, providing approximately 10% to 30% of
total protein digestion. Protein digestion continues in the
small intestine under the influence of the pancreatic
enzymes and mucosal enzymes. Protein absorption occurs
mostly in the duodenum and jejunum in the form of amino
acids. As with glucose transport, the sodium transport
mechanism probably provides for amino acid transport.
Amino acids are used in production of enzymes, in synthesis
of plasma proteins, as components in liver structural
proteins, in the gut, and in other organs and muscles. In
certain conditions, amino acids are used in glyconeogenesis
to make glucose when glycogen stores cannot meet the
body's caloric needs. Valine, leucine, isoleucine, lysine,
threonine, tryptophan, phenylalanine, and methionine are
essential amino acids. Tyrosine and cysteine are semiessential because they can be synthesized only from essential
precursors.
Newborn proteolytic activity and absorptive function is
not fully developed. Intestinal permeability to whole proteins is increased in infants. s The increased permeability
allows for cow's milk proteins and other allergens to
traverse the intestinal wall. This may increase the infant's
susceptibility to GI allergies.
Appropriate fat digestion and absorption depends on the
proper functioning of the pancreas hepatobiliary system and
the absorptive sites within the jejunum, ileum, and lymph
nodes. Dietary fat is ingested primarily in the form of
long-chain triglycerides. Other dietary lipids that are used
by the body include small quantities of phospholipids,
cholesterol, and cholesterol esters. Most digestion and
absorption of fat occur in the small intestine, with the
majority of fat absorbed by the middle one third of the
jejunum. Lipolysis is dependent on the presence of bile acid,
phospholipase A2 , and pancreatic lipases. Triglycerides are
broken down to fatty acids and glycerol. Phospholipid
envelops the triglyceride. Bile salts and fatty acids form
micelles and attach themselves to the surface of epithelial
cells. Fatty acids then diffuse into the cell and re-form to
triglyceride molecules, which are released into the lymphatics and then to the systemic circulation. Mediumchain triglycerides are digested and transported through
the intestinal lumen faster than long-chain triglycerides.

Medium-chain triglycerides do not require bile salts and
pancreatic lipase for digestion.
In infants younger than I year of age, only 80% to 95%
of triglycerides are absorbed 6 A smaller pool of bile acid
results in the inefficient absorption of fat. To minimize fat
malabsorption, infants use alternative mechanisms to facilitate fat digestion.
Water absorption is dependent on movement of electrolytes. By diffusion water follows electrolytes across the
intestinal membrane by passing through membrane pores.
When chyme is dilute, water is absorbed through the
intestinal mucosa into the blood. The greatest proportion of
water absorption is in the jejunum and proximal part of the
large intestine.
The information available regarding mineral, vitamin,
and trace element absorption is limited. Electrolytes, like
water, are absorbed through membrane pores or by transport
into the blood. Greater absorption occurs in the proximal
rather than the distal portion of the small intestine.
Electrolytes are also absorbed in the large intestine. Sodium,
chloride, potassium, and bicarbonate are more easily absorbed because they are monovalent, whereas polyvalent
electrolytes, such as calcium and magnesium, are more
difficult to absorb. Absorption of calcium occurs by active
transport primarily in the duodenum, whereas phosphorus
absorption takes place mostly in the jejunum. Calcium and
phosphorus intake greatly affects phosphorus absorption.
The absorption of trace elements is dependent on the milk
source. Breast-fed infants are more efficient in absorbing
trace elements than infants who are fed cow's milk-based
formulas. 4

GASTROINTESTINAL ASSESSMENT
Abdominal Examination
Nursing assessment of the GI system is fundamental to the
care of infants and children who are critically ill, particularly when GI dysfunction is suspected or confirmed.
Assessment is initiated with serial abdominal examinations,
employing the basic techniques of inspection, auscultation,
percussion, and palpation. Unlike other system assessments,
auscultation is performed before percussion and palpation to
prevent changes in bowel sounds. The examination is also
performed with the patient in a completely supine position.
The abdomen is inspected for the presence of bruises,
wounds, scars, erythema, or discolorations; peristaltic waves
and/or pulsations; visible asymmetry, masses, bowel loops,
or protuberances; a flat, full, or scaphoid contour; distension; and umbilical and muscular abnormalities. Significant abdominal distension is a classic sign of intestinal
obstruction.
Serial auscultation of the abdomen is performed in all
four abdominal quadrants, noting the presence, or absence,
and character of bowel sounds with particular attention to
changes in sounds over time. Intestinal obstruction produces
high-pitched, tinkling sounds; nasogastric (NG) intubation
causes decreased or absent sounds. A quiet abdomen is
present during paralytic ileus, and an ominously silent
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abdomen may indicate perforation with peritonitis. Other
sounds, such as bruits, hums, and rubs, may also be heard
with auscultation. A friction rub may indicate peritoneal
inflammation.
Percussion is used to obtain information regarding
abdominal contents, including air and fluid, as well as the
size of intraabdominal organs and masses. Shifting dullness
is elicited in the presence of intraperitoneal fluid. The
normal liver and spleen are dull to percussion. Absence of
dullness over the liver may be found with pneumoperitoneum, or may be elicited when an air-filled loop of bowel is
located over the liver. Percussion of the liver more than 2 em
below the right costal margin (RCM) indicates hepatomegaly. Percussion of the spleen below the left costal margin
(LCM) indicates splenomegaly.
Palpation is used to obtain information regarding abdominal pain and tenderness and data regarding the size, shape,
and location of organs and masses. Palpation also is used to
detect free fluid. Superficial palpation is performed first,
followed by deep palpation. The liver is normally palpable
at the RCM or is nonpalpable. The spleen is not normally
palpable. Pain is the most common symptom in a patient
with an "acute abdomen" (abdominal condition requiring
urgent surgical evaluation). Deep palpation may be deferred
in these patients and on any patient with a known or
suspected abdominal mass because of the risk of rupturing
the encapsulated mass.
The presence of rebound tenderness indicates peritoneal
inflammation. The technique to elicit rebound tenderness
consists of the examiner exerting firm pressure in an area
away from the pain and then quickly releasing the pressure.
A positive response is an unequivocally painful reaction.
This technique is not used routinely with pediatric patients
because it is unnecessarily painful for the child and does not
reveal any new findings. Most children wince in response
only to the change in pressure exerted, and children who
have significant disease exhibit a painful reaction simply
with light palpation.
Measurement of abdominal girth provides objective data
regarding the degree of distension and is included in the
assessment of the abdomen. Serial measurements are
important to identify subtle changes, particularly in nonverbal children.
Monitoring all GI outputs, including emesis, gastric
devices, ostomies, and stool, is essential in determining
excessive output and potential electrolyte imbalances. Excessive gastric drainage can cause a metabolic alkalosis
resulting from hydrochloric acid losses. Excessive losses
from a new ileostomy or diarrhea can cause metabolic
acidosis due to sodium bicarbonate losses. The color,
character, and consistency of all GI output should be noted;
the amount is estimated or measured and included in output
calculations. Gastric drainage is tested for pH and blood,
and stool is tested for blood. The character and content of
emesis and stool are helpful in understanding the underlying
disorder. Bilious vomiting is a significant finding, indicative
of a proximal mechanical obstruction. Hematemesis indicates an upper GI bleeding site; hematochezia (bright red
blood from the rectum) indicates brisk mid-GI or lower GI
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tract bleeding. Melena is blood that has been digested
during passage through the GI tract. Melanotic stools
indicate slow upper or mid-GI tract bleeding. 7 Occult
bleeding (heme test positive without visible blood) is the
result of chronic blood loss.

Laboratory and Radiologic Assessment
Serial laboratory and diagnostic studies are obtained on all
patients with a GI disorder. Table 22-3 summarizes common
laboratory tests indicating GI dysfunction. Assessment of
liver function includes the measurement of hepatocellular
enzymes. The enzymes commonly measured are aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and alkaline phosphatase (ALP). Other enzymes that are
more specific to liver function but less frequently measured
include y-glutamyltransferase (GGT) and 5'-nucleotidase.
AST is an enzyme found also in the heart, kidney,
skeletal muscle, and brain and therefore not speci fic to Ii ver
function. However, the ALT enzyme is found primarily in
the liver and is therefore more specific for liver function. It
is important to remember that elevations in AST and ALT
are seen with hepatocyte dysfunction or failure. Clinical
assessment is correlated with diagnostic data to differentiate
hepatic from nonhepatic disease. ALP is an enzyme active in
the bone, intestine, and liver. An elevation in this enzyme is
an indication of decreased biliary functioning or obstruction.
The enzyme GGT is found in the hepatic and biliary system
and other tissues. It is often assessed with the measurement
of ALP to evaluate for biliary tract disease. Like GGT,
5'-nucleotidase is a liver-related enzyme used to investigate
the origin of increased serum ALP.
Diagnostic studies include plain abdominal films, nuclear
medicine scans, computed tomography (CT), magnetic
resonance imaging (MRI), ultrasound, and endoscopy.
Indications for these studies are presented in Table 22-4.
Plain abdominal films are done in two views to identify
air-fluid levels and provide an alternate view in addition to
a flat plate x-ray film. Small infants and older children who
are critically ill cannot be put in the upright position for a
second view and require either a cross-table lateral or left
lateral decubitus film. Chest radiographs are also obtained to
rule out abnormalities within the thorax, or concurrent
disease processes such as right lower lobe pneumonia, or
complications of severe GI dysfunction such as pleural
effusion. Contrast stndies help define Gf anatomy, aid in
diagnosis (e.g., of gastroesophageal reflux), or are treatment
measures, such as in the reduction of an intussusception
with a hydrostatic BE. Additional diagnostic studies are
warranted for specific disorders and are discussed specifically in the following sections.

GENERAL PRINCIPLES OF MANAGEMENT
In addition to ongoing assessment and monitoring, gastric
decompression, intravascular volume replacement and
maintenance, and pharmacologic management are general interventions indicated in response to GI pathologic
events.
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Indicators of Gastrointestinal Dysfunction
Pediatric Normal Value

Interpretation

Infant <54 unitsIL
Child 1-30 unitsIL
Infant 20-65 unitsIL
Child 0-35 unitsIL
Infant 150-420 unitsIL
2-10 yr 100-320 unitsIL
11-18 yr 100-390 units/L
Infant 150-360 unitsIL
Child 150-300 unitsIL
All ages <120 IUIL

Increases with hepatocellular injury

All ages 0.1-0.3 mg/dl
All ages 0.1-1.3 mg/dl
Infant <2 mg/dl
Child 0.2-1.3 mg/dl
Infant 10-15.9 sec
Child 10.8-13.9 sec
All ages 3.8-5.4 g/dl
Infant 29-70 !!g/dl
Child 0-50 !!g/dl
All ages 5-10 unitsIL
All ages <200 unitsIL

Gastric Decompression
Decompression of the 01 tract is one of the primary
interventions indicated in patients with a 01 abnormality. The goal of gastric decompression is to actively
remove air and secretions from an injured 01 tract. In 01
obstruction, which often precedes perforation, there is
dilation of the proximal bowel as peristalsis continues
against the distal obstruction. In addition, air and secretions
collect in the bowel lumen proximal to the obstruction.
Decompression is employed either continuously or intermittently to actively remove air and secretions from the upper
OJ tract.
The preferred position for intubation and gastric decompression in a child is semiupright. An NO or orogastric
(00) tube is inserted into the stomach via the esophagus.
The oral route may be preferred for young infants who are
obligate nose-breathers. For the purpose of decompression,
the largest possible double-lumen vented tube is used, such
as the Salem sump tube or a Replogle tube, for neonates.
Such tubes have a primary lumen to remove air and

Increases with hepatocellular injury
Increases with biliary obstruction and cbolestatic
hepatitis
Increases with rise in alkaline phosphatase
1ncreases with biliary obstruction and moderately
increases with hepatocellular injury
Increases with hemolysis
Increases with hepatocellular injury
Increases with biliary obstruction
Increases with vitamin K deficiency or hepatocellular injury
Reduces with hepatocellular injury (also dependent
on protein intake)
Increases with hepatocellular injury
Increases with biliary obstruction or cholestatic
hepatitis
Increases with pancreatitis (more sensitive and
specific than amylase)
Increases with acute pancreatitis; however, level
includes salivary and pancreatic isoenzyme;
therefore increase may be due to salivary inflammatory lesion (i .e., mumps)

secretions; the other lumen serves as an air vent to keep the
primary lumen from adhering to the stomach wall when
suction is applied. It is important to note that the air vent
lumen is not clamped off, and clogging with secretions
needs to be prevented. A slight hissing sound signals that the
tube is functioning properly. Patency may be maintained by
instilling 5 to 30 ml of air (depending on the size of the
child) into the air vent. The primary lumen can also be
irrigated with saline. The child maintains a nothing-bymouth (NPO) status, and excessive swallowing of air is
discouraged.
Repositioning the tube, as well as irrigating as described
earlier, may be indicated if there is doubt about the adequacy
of gastric decompression. If inadequate, abdominal distension and diaphragmatic elevation can develop, which then
compromise both respiratory and 01 function. In addition to
decompressing the 01 tract, NO and 00 tubes are used for
gastric lavage, the administration of various medications,
including antacids to prevent stress ulcer syndrome, and
collection and analysis of gastric aspirate.
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Diagnostic Studies for Gastrointestinal Disorders

!ii'"

~i'rocedure

Purpose/Comments

Examples of Abnormalities

~liiX-ray Examination
r,j!(Abdominal flat plate
~!rAbdominal cross table
fiC.
l;jfj)ecubltus

Evaluate organ size, position, gas patterns
(intraluminal and extraluminal), airl
fluid levels

Pneumatosis intestinalis (air in bowel
wall), TEF, small bowel obstruction,
perforation, ileus, ascites

Examine the esophagus and mucosal
integrity; diagnose structural
abnormalities
Examine the esophagus, stomach, and
duodenum, diagnose structural abnormalities, motor disorders, delayed
gastric emptying
Same as upper GI with follow-up spot
, films of esophagus. stomach,
duodenum, and small intestines;
diagnose small bowel abnornlalities
Examine the large intestine and
mucosal integrity; diagnose structural
abnormalities

Malrotation, esophageal or small bowel
strictures

fir·

ilfr"

:~Iuoroscopy
1!'Barium swallow
.J:!'o.

~{

j;,r
lffi"

~Vpper GI series

!""

~!tt

~~'
~~:

l::-'Upper GI with small bowel
follow-through

i

~:;

!1'T

I;
,
iiijiBanum enema
~'C

~i:

j1u"';

Gastroesophageal reflux (GER),
malrotation, volvulus, ulcerative
disease
Inflammatory disease (Crohn's and ulcerative colitis)

Intussusception, Hirschsprung's disease,
meconium ileus

r.~};ndoscopy

Ji;:F1ex,ble upper endoscopy
(esophagoscopy, gastroscopy,
I!'L
iiF dod
u enoscopy )

llfJ"
~"
l;§1'

~Endoscopic

retrograde

iii""
Iii!i,i
cholangiopancreatography (ERCP)

~!f1exible sigmoidoscopy or colonoscopy

fl~

Directly visualize the upper GI mucosa,
diagnose mucosal injury, lesions,
structural abnormalities, or source of
Gl bleeding
Directly visualize the biliary pancreatic
ducts
Directly visualize mucosa of large intestine, diagnose mucosal injury or source
of lower GI bleeding

Esophageal varices, severe gastritis

Obtain liver specimen without laparotomy

Biliary atresia. hepatitis (when etiology
and/or outcome uncertain)

Determine delayed gastric emptying
(defined as 50% of isotope meal
retained in stomach after 90 min
in absence of obstruction)
Determine liver and spleen size or presence of mass, abscess, or other abnormality (does not evaluate liver
function)
Determine liver excretory function
Evaluate location of bleeding (radioactive
isotope is taken up by gastric mucosal
parietal cells)

GER

Definitively image abdominal organs
(deferred in hemodynamically unstable
child)
Visualize organ structure, diagnose tissue
abnormalities rapidly and without
patient transport
Evaluate for vascular problems, definitive
imaging of solid organs, evaluate for
infection/abscesses, trauma

Hepatic hemangioma (i.e., KasabachMerritt syndrome), hepatic arteriovenous malformation
Hepatocellular disease. acute pancreatitis,
hepatic arteriovenous malformation

Pseudocyst, chronic pancreatitis, stones

~~Biopsy
!li'

~ercutaneous Ii ver biopsy

''''f
~"

i':"'

uclear Scans
IFiastroesophageal scintigraphy
!~W; (gastric emptying study)

~!i:

jii'
f.jf-'-:.

,ffitLIver-spleen

ffi~L

Lif'

V'
illi:!"

~epatobiliary excretion scan (HIDA)
~~Meckel scan
~~t

~jj;

i.'!i;'··

Biliary atresia
Meckel's diverticulum

~!Pther Imaging
i:'Magnetic resonance imaging (MRI)
~ib

mt:

!!lE

li:Abdominal ultrasound

~r'u"

II~:Abdominal

computerized

i~i tomography (CT) scan with contrast

I'".,'

i:

Pancreatitis, pseudocyst, hepatocellular
disease

774

Part IV

Final Common Pathways

Intravascular Volume Replacement
and Maintenance
Fluid administration takes into account insensible losses
(supplied by maintenance fluids), estimated third-space
losses, and measured losses, which include NG and OG tube
secretions, ongoing GI bleeding, ostomy and fistula drainage, diarrhea, or losses from other tubes or drains and
wounds. 8 Measured losses are calculated and replaced at
specified intervals. Table 22-5 outlines electrolyte content of
GI secretions and comparable intravenous (IV) replacement
fluids.
If hypovolemia is severe, fluid resuscitation may be
required to correct hypovolemia and maintain a urine output
of I to 2 ml/kg/hour. As fluid returns to the intravascular
space, fluid retention or overload can occur and the
administration of diuretics may be indicated to aid in the
excretion of excess fluid. Meticulous monitoring of intake
and output is mandatory for these patients, as is ongoing
assessment for signs and symptoms of fluid volume deficit
or excess.

Pharmacologic Management
In most cases of actual or potential GI dysfunction, a variety
of pharmacologic agents are employed. These agents are
used to treat infection, excessive gastric acid secretion, and

[tI..

2.2-5 Solution for Replacing Losses.
of Gastric Secretions.
.

TABLE

Gastric Secretion
(mEq/l)
60-75
105-130
5-30
0-65

Replacement
Fluid 05%. 0.45 NS
+ 30 mEq/KCl/l
77
107
30

o

!i:(, ,

jom Filston HC: Fluid and electrolyte management in the pediatric
patient. S"rg Clin North Am 72: 1189-1205, 1992.

i~gical

~

GI bleeding. Pharmacologic agents include antimicrobials
to treat intraabdominal infection; histamine-receptor (H 2 )
antagonists and antacids to decrease and neutralize gastric
acid secretion; and vasoconstrictive and sclerosing agents to
decrease bleeding. The use of these medications are
described in the following sections conjunction with treatment for specific clinical conditions.

GASTROINTESTINAL OBSTRUCTION
True GI obstructions occur most commonly in the newborn.
Obstructions may be present in any portion of the gut from
the esophagus to the anus and are related to a variety of
causes (Table 22-6). The initial presentation, clinical
findings, and patient management vary, depending on the
type and location of the obstruction. A maternal history
of polyhydramnios may indicate a proximal obstruction
(i.e., esophageal atresia) because the fetus is unable to
properly digest amnionic fluid. Small bowel obstruction
commonly presents with bilious emesis and abdominal
distension. Failure to pass a meconium stool in the first
24 hours of life is suggestive of a distal obstruction (i.e.,
Hirschsprung's disease). The pathophysiology of obstruction is depicted in Fig. 22-2.

Esophageal Atresia
Esophageal atresia is a congenital anomaly in which the
esophagus is segmented with a blind pouch separating the
upper and lower portion. In most instances, there is also a
fistula connecting the distal esophagus and trachea. However, the use of the term "tracheoesophageal fistula" (TEF)
to describe all anomalies of the esophagus is incorrect.
There are several described types of tracheoesophageal
deformities. The three main types (Fig. 22-3) include
esophageal atresia with distal TEF, isolated esophageal
atresia, and TEF without esophageal atresia (H-rype). The
most common is esophageal atresia with distal TEF,
occurring in 85% of all cases. 9
Pathogenesis. The esophagus and trachea develop
embryologically at the same time. These structures are first

Causes of Intestinal Obstruction
~Mechanical Obstruction
·"i~iltraluminal
· ~tresia or stenosis
-\pyloric stenosis
':~oreign body
~. econium
;;,: edications
~{ holestyramine
':r.ntacid
~iKaolin
· i"arasitic infection
~m

"'"

Paralytic Ileus
Extrinsic
Malrotation
Volvulus
Hernia
Annular pancreas
Duplication cysts
Adhesionslbands
Tumor
Granulomatous process

Abdominal Conditions
Hirschsprung's disease
Intestinal pseudoobstruction
Severe gastroenteritis
Perforation of viscus
Peritonitis
Pancreatitis
Necrotizing enterocolitis
Toxic megacolon

Systemic Conditions
Trauma
Shock
Sepsis
Hypokalemia
Drugs
Diabetic acidosis
General anesthesia
Intussusception

Quan R: Bowel failure. In Levin DL, Morriss Fe, eds: Essentials of pediatric ill/eflSive care, 5t Louis, 1990. Quality Medical Publishing.

Chapter 22

Gastrointestinal Critical Care Problems

775

common. The infant typically presents with bubbly oral
secretions and regurgitation of saliva, which cannot be
swallowed because of the blind proximal esophageal pouch.
Most babies with isolated esophageal atresia or esophageal
atresia with TEF present with tbis problem soon after
delivery. The diagnosis is made by careful placement of an
NG tube into the blind pouch. A simple chest radiograph
subsequently reveals a curled tube in the proximal esophageal pouch. With esophageal atresia and distal TEF, an
abdominal film typically reveals a distended stomach with
gas patterns throughout the small bowel. However, in the
infant with isolated esophageal atresia, the abdominal film
shows a gasless bowel pattern.
An infant with an H-type TEF usually presents at 3 to 4
months of age with a history of respiratory distress,
pneumonia, and some degree of cyanosis with feedings.
Direct bronchoscopic visualization is the diagnostic study of
choice. The tracheal end of the fistula can usually be
visualized through the membranous portion of the trachea. 9
Occasionally, a barium or water-soluble esophogram may be
used for diagnosis, but often this does not demonstrate the
fistula, and aspiration of the contrast material is a concern.
Critical Care Management. Once a diagnosis of
esophageal atresia with or without TEF is made, preoperative stabilization of the newborn is essential. Decompression
of the proximal pouch is of utmost importance in the

recognized as a ventral diverticulum of the foregut at 22 to
23 days after fertilization 9 The development of the esophagus and trachea is believed to occur by the proliferation of
endodermal cells on the lateral walls of the diverticulum.
Rosenthal theorized that these cell masses become ridges of
tissue that divide the foregut into two separate channels,
forming the esophagus and trachea. 1O This process is
completed by 36 days after fertilization. During the fourth
week of fetal life, interruptions in development may result in
abnormalities of the esophagus with and without fistula
formation between the two structures.
Associated Anomalies. Deformities of the esophagus and trachea occur early in intrauterine development
along with generalized organ differentiation and division.
Mesodermal maldevelopment caused by some unknown intrauterine event is believed to be the cause for multisystem
problems seen in many of these newborns. The majority of
these defects are grouped under the name VACTERL (Vvertebral, A-anal, C-cardiac, TE-tracheoesophageal, R-renal,
L-limb). Most series report the incidence of associated
anomalies with esophageal atresia-TEF deformities to be
between 30% and 55%. Cardiovascular disease is the most
common associated anomaly, followed by limb and genitourinary defects. 11.12
Clinical Presentation. As with other causes of proximal obstruction, a maternal history of polyhydramnios is

Obstruction

t

Fluid and air
(third space)
accumulate

E:Y

t

i Intraluminal pressure
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Crampy
abdominal pain

/
Tachycardia
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~.
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.j,

i Intestinal
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1

1

Vascular volume
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electrolyte
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pain
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Fig. 22·2 Pathophysiology of intestinal obstruction. (From Quan R: Bowel failure. In DL Levin,
FC Morris. eds: Essentials of pediatric intensive care, St Louis, 1990, Quality Medical Publishing.)

Fig. 22-3 Three forms of esophageal anomalies. A is the most
common form of esophageal malformation; B is the next most
common form; C is the classic "H" type fistula. (From Avery ME
et al: The lung and ils disorders in the newborn infant, ed 4,
Philadelphia, 1981, WB Saunders.)
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preoperative phase. This is accomplished using the general
principles of gastric decompression described earlier, except
that the Replogle tube is placed in the proximal esophageal
pouch, thereby removing oral secretions and preventing
pulmonary aspiration.
Operative Management for Esophageal Atresia
With Distal TEF. Primary repair is the best surgical
option and may be performed even in the small preterm
infant. 13 • 14 The operative approach is through a right
thoracotomy incision in which the fistula is first divided, and
then the two segments of the esophagus are anastomosed.
Operative Management for Isolated Esophageal
A tresia. In most cases of isolated esophageal atresia,
there is a long gap between the proximal and distal segments
of the esophagus, which precludes primary repair in the
newborn period. For a full-term baby with no other
abnormalities, usually only a feeding gastrostomy is placed.
Over the next several months of life, it is believed that the
esophageal segment will elongate spontaneously. I I During
this waiting period, the surgeon may choose to manually
stretch the upper and lower segments of the esophagus.
The second stage of surgical intervention typically occurs
when the chest x-ray film reveals overlapping of the
esophageal segments (or less than a vertebral body apart). At
this time, a primary end-to-end anastomosis of the esophagus is attempted. If for some reason the segments do not
come together easily, a circular or spiral myotomy of the
upper esophagus is performed. This procedure usually
provides I to 2 mm of extra length by dividing the outer
layer of the esophagus.
Conversely, for the sick preterm infant, this delayed type
of primary closure may not be optimal. There also may be
some infants in whom the gap between the esophageal
segments is so wide that primary repair is impossible. In
either of these cases, a cervical esophagostomy (exteriorizing the blind upper esophageal pouch in the neck region)
and gastrostomy are performed in the newborn period.
When the child reaches a weight of approximately 10 kg, an
esophageal replacement procedure is performed using a
piece of colon, small bowel, or stomach.
Operative Management of TEF. The operative
approach to an isolated TEF is through a right thoracotomy
or a right cervical incision. The fistula is divided primarily.
Surgical complications are rare.
Postoperative Management. After esophageal
atresia repair with or without TEF, the infant may require
ventilatory support. The infant may require paralysis and
prolonged mechanical ventilation if there is concern that the
anastomosis is under tension. After extubation, if the child
again requires assisted ventilation, the surgeon must be
present to make sure the intubation does not interrupt the
anastomosis. Oropharyngeal or nasopharyngeal suctioning
is performed with a suction catheter that is measured and
marked at the time of surgery to avoid the anastomosis site
during the suctioning procedure.
An extrapleural chest tube and drain are placed at the
time of surgery; an assessment of the color and consistency
of the drainage is important. The presence of mucous in the

collecting chamber may indicate a leak at the site of
anastomosis.
Gastric decompression remains essential in the postoperative period. This can be accomplished with either an NG
tube or a gastrostomy tube. If the surgeon has placed an NG
tube, it is important to remember that it passes through the
esophageal anastomosis. It is critical not to accidentally
remove or replace the tube in the immediate postoperative
period. Passage of saliva through the tube indicates that the
infant is able to swallow and that the esophagus is patent.
Enteral alimentation may begin on the third to fourth
postoperative day via the NG or gastrostomy tube. Care is
taken not to overdistend the stomach or allow the feeding to
back up into the esophagus. This may be accomplished by
using a V-connector attached to the NG or gastrostomy tube,
allowing the stomach to be vented at the same time the
feeding is delivered.
An esophagram is performed within I week postoperatively to evaluate the esophageal anastomosis. A leak is
present in about 50% of cases; however, most are asymptomatic and seen only on the esophagram. 15 Infants with a
significant anastomotic leak will have signs and symptoms
of respiratory distress and may require intubation. If no leak
is noted, the chest tube is removed and the baby may be
allowed to attempt full nutrition by mouth. Successful
transition to oral feedings usually takes several days to
accomplish.
Stricture (narrowing at the anastomosis site) formation is
common after repair of esophageal atresia with or without
TEE 16 Clinical symptoms include coughing, vomiting, and
failure to gain weight. Diagnosis is confirmed with an
esophagram. Infants commonly require several dilations to
relieve the stricture. 16 Gastroesophageal reflux (GER) is a
significant postoperative complication, with 20% of cases
requiring antireflux surgery.17 Tracheomalacia (collapsible
trachea) is another common problem, which is thought to be
due to an enlarged upper esophageal pouch or to inadequately formed or missing cartilage. 18 These infants may
present to the pediatric intensive care unit (PICU) with a
history of a chronic "barky" cough and respiratory distress,
which has been exacerbated by a respiratory infection and
potentially causing respiratory failure.

Duodenal Obstruction
Complete or partial duodenal obstruction may occur for a
number of reasons. Atresia, stenosis, annular pancreas, and
nonrotation or malrotation are the most common causes of
duodenal obstruction. Each of these anomalies has unique
characteristics that are important for optimal management.
Pathogenesis. During the fifth to sixth week of
intrauterine development there is a rapid growth of the
epithelial lining of the duodenum. However, the crosssection of the gut cannot accommodate this growth, which
obliterates the duodenal lumen. By the eighth to tenth week
of gestation, recanalization of the duodenal lumen occurs.
The absence of this recanalization process causes duodenal
atresia, stenosis, or intrinsic web formation. 19•2o
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Atresia results in complete obstruction of the duodenal
lumen by an intrinsic duodenal membrane made up of
mucosa or submucosa. This maldevelopment may result in
the formation of two blind ends of the duodenum connected
by a short fibrous cord with an intact mesentery; or two
blind ends with no fibrous cord and a V-shaped defect in
the mesentery separating the two pieces of the duodenum
(Fig. 22-4, A).
Duodenal stenosis is a partial obstruction of the lumen of
the intestine. An intrinsic web or diaphragm can cause a
partial obstruction. The child who has duodenal stenosis
may not become symptomatic until well beyond the
neonatal period?!
A congenital annular pancreas can create a situation of
either atresia or stenosis, depending on the degree of
pancreatic compression on the duodenum. The embryologic
development of the pancreas occurs simultaneously with
duodenal recanalization. The dorsal pancreas arises from the
dorsal wall of the duodenum, and the ventral pancreas
develops from the region between the duodenum and the
hepatic diverticulum. As normal gut rotation occurs, the
ventral pancreas grows around the right side of the duodenum until it meets with the dorsal pancreatic bud. An annular pancreas occurs when the tip of the ventral pancreas
becomes fixed to the duodenal wall and during rotation

Fig. 22-4 Various types of duodenal atresia-stenosis. A, Complete duodenal atresia with discontinuity in the muscular wall of
the bowel. B, Seromuscular layers may be in continuity with the
atresia as represented by a complete membrane. C, An annular
pancreas. which may create either atresia or stenosis depending on
the degree of pancreatic compression on the duodenum. (From
Ashcraft KW: Atlas of pediatric surgery, Philadelphia. 1994, WB
Saunders.)
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wraps around the right side of the duodenum to fuse with the
dorsal pancreas 22 The intestinal compression from the
pancreatic wrap causes the obstruction, as small segments of
pancreatic tissue partially or completely encircle the second
portion of the duodenum (Fig. 22-4, B).
Another critical aspect of duodenal embryology is related
to the positioning and fixation of the small bowel that may
result in nonrotation or malrotation. Obstruction can occur
when rotation and fixation do not occur correctly during
fetal development. During the fourth week of gestation, the
intestinal tract is elongating too rapidly for the abdominal
cavity to accommodate its growth. The intestinal tract grows
out of the abdomen into the umbilical cord. As the midgut
begins to return to the abdomen at about 8 weeks' gestation,
it rotates in a counterclockwise fashion around the superior
mesentery artery. This rotation should be completed by the
twelfth week. Fixation of the intestine inside the abdomen
with the ligament of Treitz settling in the left upper quadrant
and the cecum in the right lower quadrant should follow this
rotation. When rotation and fixation do not occur or are
incomplete, bowel obstruction as well as superior mesenteric artery (SMA) occlusion may ensue with resultant
ischemia and volvulus (Fig. 22-5, A, B, C).
Associated Anomalies. Diaphragmatic hernia and
abdominal wall defects are associated anomalies thought to
occur because development of the diaphragm and abdominal wall is related to the return of the small bowel into the
abdominal cavi ty 23 For example, if the pleuroperitoneal
membranes have not closed completely before the gut
reenters the abdominal cavity, the bowel is likely to pass
through that opening and fill the space in the chest,
resulting in a congenital diaphragmatic hernia. Omphalocele
occurs when the bowel does not completely return to the
abdominal cavity. Malrotation is always present with these
defects.
Down's syndrome is found in 30% of infants born with
duodenal obstruction.!9 The reason for this association is not
known. Abnormalities of intestinal rotation are also associated with heterotaxia, an abnormal arrangement of body
organs?4 Gl anomalies associated with heterotaxia include
a midline liver, malpositioned stomach, and intestinal
malrotation. In addition, major cardiac defects and asplenia
or polysplenia are common.
Clinical Presentation. A newborn with duodenal
obstruction initially appears healthy, but quickly becomes
symptomatic. An exception to this is the infant with an
in-utero volvulus who presents with massive abdominal
distension, respiratory distress, acidosis, and sepsis. A
maternal history of polyhydramnios can alert the caregiver
that an obstruction may be present. The infant with intestinal
atresia or stenosis usually develops bilious vomiting within
the first few days of life. Proximal small bowel obstructions
result in earlier and more forceful vomiting, whereas
abdominal distension is more pronounced with distal small
bowel obstructions. Dehydration and signs of shock occur
with delay in diagnosis. With pure duodenal atresia, the
abdominal film usually reveals the classic "double-bubble"
sign, in which the stomach and the first portion of the
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A

Fig. 22·5 Malrotation with volvulus. A, Nonnal small bowel
mesenteric attachment (as demonstrated by line). This prevents
twisting of the small bowel because of the broad fixation of the
mesentery. B, Malrotation of the bowel with the cecum overlying
the duodenum. C, Midgut volvulus around superior mesenteric
artery caused by the narrow base of mesentery. (From Ross AJ lIT:
Malrotation of the intestine. In PF Nora, ed: Operative surgery,
ed 3, Philadelphia, 1990, WB Saunders.)

duodenum are dilated, and distal bowel gas is absent. This
type of dilation can also be present with intestinal stenosis,
but there is usually some air below the area of dilation. If air
is seen below the double-bubble, a contrast upper GI is
performed to rule out malrotation and volvulus. 18
Critical Care Management. Surgical correction of
most duodenal obstructions is accomplished by a duodenoduodenostomy. Duodenoduodenostomy consists of excision
of the atretic portion of the bowel and connection of
duodenum to duodenum. In rare situations, to avoid atretic

bowel, duodenojejunostomy is performed, connecting duodenum to jejunum, leaving a portion of the duodenum
connected to the pancreas with the ability to drain bile. An
intrinsic duodenal web is repaired with duodenoplasty,
excision of the web, and closure of the lumen of the bowel.
Stabilization of infants with malrotation and volvulus by
gastric decompression, airway stabilization, and fluid resuscitation must occur quickly with subsequent transport to the
operating room. The twisting of the intestinal contents
results in partial or complete occlusion of the superior
mesenteric artery (SMA) and can rapidly cause ischemia if
untreated. The Ladd's procedure, as described by Ladd and
Gross, is required for correction of malrotation and volvu25
IUS.
The intestines are untwisted, assessed for viability,
and resected in areas of necrosis or perforation. Occasionally the entire small bowel is necrotic, making chances of
the infant's survival grim. Once a full assessment of the
bowel is made, the Ladd's peritoneal bands are divided and
the duodenum is mobilized and placed along the right side
of the abdomen. An appendectomy is performed and the
cecum and colon are placed on the left side. The appendix
is removed to avoid a later misdiagnosis because the
appendix is now located on the left rather than the right side.
This type of abdominal placement allows for a broad base of
mesentery, which prevents further volvulus.
Adequate decompression of the GI tract is the first goal
of postoperative management. Placement of a gastrostomy
tube for long-term decompression until bowel patency is
demonstrated is somewhat controversial. Some surgeons
believe this type of tube is essential, particularly in the
preterm infant, whereas others favor decompression with an
NG tube?6 Decompression is required until the upper Gl
tract drainage decreases, the drainage changes in color from
green to clear, and the baby begins to produce stool.
Adequate nutritional support can be provided with
operative placement of a transanastomotic feeding tube for
early enteral feedings with an elemental infant formula.
Peripheral or central total parenteral nutrition (TPN) is a
temporary alternative to enteral nutrition with the initiation
of feedings as soon as is possible.

Jejunoileal Obstruction
Atresia of the jejunum or ileum is a complete congenital
obstruction of the intestinal lumen at either location.
Stenosis of the jejunum or ileum is very rare and will not be
discussed.
Meconium ileus is one of the most common causes of
obstruction in the small bowel and in the newborn is the
earliest manifestation of cystic fibrosis. 27 Meconium ileus
occurs when inspissated meconium becomes lodged in the
small bowel, usually in the ileum, and complete obstruction
occurs because of the tenacity of the meconium. The viscous
nature of the meconium is usually caused by abnormal
intestinal secretions and by pancreatic insufficiency related
to cystic fibrosis. 27 There are two types of meconium ileus.
Simple ileus exists when there is an obstruction in the ileum
with dilated proximal bowel and microcolon below the
obstruction. Complicated ileus results in the same obstruc-
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tion and intestinal findings, plus volvulus, necrosis, and
perforation.
Pathogenesis. Defects in the arteriomesenteric structure are thought to be primarily responsible for jejunoileaJ
atresias. Atresia formation usually occurs early in gestation
when a cordlike band separates the two ends of the bowel or
when there is a total separation of the bowel resulting
from a V-shaped deformity in the mesentery. This type of
mesenteric vascular catastrophe, causing disruption of the
bowel, can occur late in intrauterine life. 19
Associated Anomalies. The relationship between
meconium ileus and cystic fibrosis has been well established. There are no other consistent abnormalities seen in
infants with jejunoileal atresia. 2M Rare reports of trisomy 21
have been associated with these atresias.
Clinical Presentation. An infant with jejunoileal
atresia usually presents with bilious vomiting and abdominal distension within the first few days of life. A maternal
history of polyhydramnios or amniotic bile staining may be
present. Passage of meconium mayor may not occur,
depending on the level and extent of the obstruction?O
The clinical presentation of meconium ileus is similar to
that of ileal atresia. An abdominal radiograph will reveal
distended loops of bowel, and the mixture of abnormal
meconium and air bubbles gives the intestines a groundglass appearance. 27 A water-soluble contrast enema is the
best diagnostic study and may be therapeutic in relieving the
obstruction.
Critical Care Management. Infants with meconium
ileus not complicated by peritonitis, bowel perforation,
pseudocyst, or atresia may be treated nonoperati vely with
the use of a high hyperosmolar enema. Therefore it is
essential that complications of meconium ileus be ruled out
before performing the procedure. Bowel ischemia or peritonitis should be suspected in infants presenting with
tenderness, rigidity, edema, or erythema of the abdominal
wall. Fluid resuscitation must be initiated and hemodynamic
stability achieved before transport to the operating room.
In simple meconium ileus, the hyperosmolar enema used
for treatment usually employs gastrografin, a water-soluble
contrast solution. The infant must receive intravenous fluids
at twice maintenance to compensate for fluid drawn into the
bowel lumen as a result of the hyperosmolar solution. The
enema is administered with fluoroscopic guidance to prevent complications, especially perforation. With successful
treatment, the infant passes a large amount of semisolid
meconium for the next 24 to 48 hours. Failure to pass this
meconium or progressive distension is an indication for
operationY
Surgical Management. Jejunal and ileal atresias
are usually managed with end-to-end bowel anastomosis.
The difficulty of the operative procedure is the result of
the disparity in the size of the proximal dilated bowel
and the small distal segment. The massively dilated segment
is usually resected and the anastomosis is done in an oblique
fashion to provide a wider opening.
Surgical repair of meconium ileus involves an enterostomy in the dilated segment of the ileum. The meconium is
carefully expressed out of the proximal and distal segments,
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using saline or N-acetylcysteine (Mucomyst) as irrigants to
help liquefy the meconium. In rare cases, when complete
removal of the meconium plug is possible, primary anastomosis is performed with a bowel that appears healthy.
Residual thick meconium usually remains, requiring an
ileostomy to vent the bowel. The technique of ileostomy
formation with meconium ileus is a Bishop-Koop anastomosis, in which the end of the proximal bowel is anastomosed to the side of the distal segment, leaving the end of
the distal area as a stoma. This vents the bowel but also
allows for installation of N-acetylcysteine or other irrigants
to flush out additional meconium or stool if needed. Because
the normal fecal stream can continue with this operation, it
is the procedure of choice for most surgeons 29
Postoperative Management. The postoperative infant requires an NG tube for proximal decompression,
respiratory support as needed, fluid and electrolyte replacement, and antibiotics. Close monitoring of temperature,
other vital signs, and urine output is essential. Abdominal
distension, vomiting, evidence of peritonitis, and a pneumoperitoneum present for more than 24 hours after surgery
suggests an anastomotic lead and requires immediate
reexploration. The infant remains NPO and should receive
parenteral nutrition until normal GI function returns; however, the more proximal the obstruction, the longer the
period of postoperative intestinal dysfunction. Enteral alimentation usually begins with a predigested formula. The
patient is observed closely for signs of malabsorption, such
as increased gastric residuals, diarrhea, bloody stools, and
presence of fecal-reducing substances.
If an ileostomy is present, N-acetylcysteine may be
instilled into the stoma to evacuate fecal contents from the
distal bowel. Initially, most of the stool is expelled through
the ileostomy, but with time, the infant will have more
output through the rectum. Once the meconium is cleared,
an elemental enteral diet is started. Pancreatic enzymes are
added when full-strength formula is begun, even if a firm
diagnosis of cystic fibrosis has not yet been established. A
complete cystic fibrosis workup is part of the postoperative
management of any child with meconium ileus.

Intussusception
Intussusception is the telescoping or invagination of proximal bowel into distal bowel. It can be classified as
idiopathic, associated with a specific lead point, postoperative, or chronic. The majority of cases are idiopathic,
wherein the intussusception occurs at or near the ileocecal
valve. Only approximately 5% of the cases have a specific
lead point 23 The most common lead point is a Meckel's
diverticulum, followed by polyps, duplications, tumors,
hemangiomas, and sutures lines or an appendiceal stump.
Postoperati ve intussusception occurs within 2 weeks of a
surgical procedure. It occurs most often in cases of
intraabdominal or retroperitoneal procedures, although it
has also been reported after thoracic and other procedures 3o
Intussusception is described as chronic when symptoms
occur for 14 or more days and are less severe. This usually
occurs in older children. 31 Patients with cystic fibrosis are
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prone to intussusception, and repeated reductions may be
required.
The exact etiology of idiopathic intussusception is
unknown. Possible causes include hypertrophied Peyer's
patch (lymphoid tissue in the distal ileum), a localized area
of hyperperistalsis, or viral gastroenteritis, with rotavirus
and adenovirus being cited.32-34 Older children with intussusception are usually found to have an anatomic abnormality, which is the associated lead point. Other types of
lead points include the thick, inspissated fecal material
seen in children with cystic fibrosis, or submucosal hemorrhage, exhibited in children with hemophilia and HenochSchonlein purpura. 35
Pathogenesis. When proximal bowel telescopes into
distal bowel, it pulls the mesentery along with it (Fig. 22-6).
The neck of the intussuscepted segment compresses the
entrapped bowel. This compression, plus the traction on the
mesentery, causes lymphatic and mesenteric venous obstruction, which eventually results in necrosis and gangrene
of the entrapped bowel and subsequent perforation if
treatment is delayed. Bowel dilation occurs proximal to the
intussusception.
Clinical Presentation. Typical presentation of intussusception is in an infant between 4 and 10 months of age,
with a history of vomiting and acute, intermittent crampy
abdominal pain. The child may stiffen and pull the legs up
to the chest during the attacks. Initially, the child may appear
normal between the episodes but becomes increasingly
lethargic. Late in the course, the stools become blood tinged
and progress to dark red mucoid clots or "currant jelly"
stools. In some children, altered level of consciousness is the
initial symptom, before GI signs or symptoms. In such
cases, the differential diagnosis includes a postictal state and
meningitis,36 Occasionally, a sausage-shaped mass will be
felt in the mid or upper abdomen. If symptoms persist longer

A
Fig. 22-6 Ileocolic intussusception. A, Beginning of an intussusception in which terminal ileum prolapses through the ileocecal
valve. B, Ileocolic intussusception continuing through colon. This
can be palpated as a mass in the right upper quadrant. (From
Schnauffer LS, Marboubi S: Abdominal emergencies. In GR
Fleischer, S Ludwig, eds: Pediatric emergency medicine, Baltimore, 1988, Williams & Wilkins.)

than 6 to 12 hours, plain abdominal films will reveal an
obstruction, which includes distended bowel loops and
air-fluid levels. Abdominal ultrasound may be helpful in the
workup of intussusception before BE. A positive or equivocal ultrasound identi fies patients who should undergo BE
for definitive treatment. 37
In cases of postoperati ve intussusception, the presentation is not as straightforward. The child may appear to be
doing well in the first few days postoperatively, then
develops vomiting or increased NG aspirate, which may be
attributed to a paralytic ileus. Plain abdominal films,
however, reveal an obstruction, with dilated loops of bowel
and air-fluid levels.
Critical Care Management. Initial management includes NG decompression, intravenous fluid resuscitation,
and intravenous antibiotics if symptoms have been present
longer than 24 hours or there is evidence of fever and
leukocytosis. The child is then adequately sedated before the
BE is performed, which serves as a diagnostic as well as
treatment measure. The air enema is gaining popularity
because it has been shown to be as effective as barium in
reducing the intussusception and is safer in the event of
perforation during the procedure. 38 One to three attempts at
hydrostatic reduction of the intussusception by controlled
BE are made, with the operating room team on standby for
surgical reduction if necessary. In idiopathic intussusception, BE reduction is successful in 65% to 75% of patients. 35
In cases in which there is a specific lead point, BE is less
successful and surgical reduction is necessary. In children 6
years of age or older, where tumors (chiefly lymphosarcoma) and other abnormalities serve as a lead point, a BE
may not be performed.
In patients who have had prolonged symptoms, bloody
stools, severe distension and tenderness, and signs of shock,
surgical intervention is warranted, after fluid resuscitation,
gastric decompression, and antibiotic therapy. BE is not
indicated in patients with postoperative intussusception
because the site is high in the ileum or the jejunum. Most
cases undergo successful manual reduction in the operating room.
Surgical reduction includes making a transverse right
upper quadrant (RUQ) incision and then the surgeon
"milks" the intussusception with his or her fingers, without
applying traction on the bowel. The bowel is then examined
for areas of necrosis or gangrene, perforations, and any
abnormalities that could have served as a lead point.
Resection is indicated if the intussusception is not reducible,
if there is nonviable bowel, if there are any perforations, or
if there is a specific lead point. An end-to-end anastomosis
is performed in most cases. An appendectomy may be done.
Postoperative complications are rare and are related to
the underlying pathology. The incidence of recurrence after
surgical reduction is 0% to 3%.38 Recurrent intussusception
requires surgical reduction.

Toxic Megacolon
Pathogenesis. Toxic megacolon is severe dilation of
the colon. It is the most serious complication of ulcerative
colitis, occurring in up to 5% of all patients with ulcerative
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colitis. 39 It is relatively rare in the pediatric population,
however, it represents a medical and potentially surgical
emergency.
Clinical Presentation. The clinical presentation of
toxic megacolon consists of abdominal distension, abdominal tenderness, fever, signs of dehydration (secondary to
third spacing), and electrolyte disturbances. High-dose
steroid therapy, associated with treatment of ulcerative
colitis, may mask some of the signs of toxic megacolon,
specifically fever and abdominal tenderness. The child with
toxic megacolon is at risk for colonic perforation, gramnegative sepsis, and massive hemorrhage. Diagnosis is
made by clinical examination and confirming abdominal
radiographs. Improper diagnosis or delays in treatment can
lead to rapid clinical deterioration. 39
Critical Care Management. Once the diagnosis of
toxic megacolon is made, careful monitoring with serial
radiographs of the abdomen and physical examinations are
important. Gastric decompression is accomplished via an
NG tube or, if necessary, a small bowel tube. The patient is
NPO and parenteral nutrition is initiated. If aggressive
medical management fails and the toxic megacolon persists longer than 48 hours, or if perforation and hemorrhage develop, surgical intervention and colectomy are
necessary.40
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of some degree. 42 Symptoms that lead to a differential
diagnosis of GER are presented in Box 22-2.
Critical Care Management. In a child with uncomplicated GER, the self-limiting factor of the disease may
preclude the need for medical therapy. Traditional noninvasive therapy consists of three elements: upright positioning,
thickened feedings, and frequent feeding. Positioning at a 45
to 60 degree angle in an infant seat or car seat has been
standard procedure for many years, but poor truncal tone
makes the seated, upright position detrimental because of
increased abdominal pressure. Placing a child prone with the
head of the crib elevated has been recommended. However,
a large controlled study failed to show a significant benefit
of head elevation when compared with prone flat positioning. 43 In addition to decreasing reflux, prone positioning
improves gastric emptying, decreases aspiration, and decreases energy expenditure. 44 The right-side-down lateral
position, although theoretically advantageous, has not been
definitively compared with prone positioning. The American
Academy of Pediatrics recommends that normal infants be
placed supine or side-lying for sleep to minimize the risk of
sudden infant death syndrome (SIDS), but specifically
exempts infants with GER. 45
Thickened feedings may be of benefit when significant
emesis and poor weight gain are associated with GER. This

GASTROINTESTINAL INFLAMMATION
Inflammation can occur anywhere along the GI tract or on
the surface of the peritoneum and occurs with varying levels
of severity. For example, a child may exhibit mild esophagitis as a result of GER or present with septic shock
resulting from an intestinal perforation and resultant peritonitis. GI inflammation, seen in critically ill infants and
children, results from GER, inflammatory bowel disease
(ulcerative colitis or Crohn's disease), peritonitis, necrotizing enterocolitis (NEC), and pancreatitis.

Gastroesophageal Reflux
Pathogenesis. GER is the return of stomach contents
into the esophagus as a result of incompetence of the lower
esophageal sphincter (LES). It has been estimated that GER
occurs in I in 500 live births and is one of the most common
symptomatic clinical disorders affecting the GI tract in
children. 41
Clinical Presentation. The major features of the
syndrome are effortless vomiting, failure to gain weight,
and aspiration pneumonia. GER may exist without obvious vomiting, and may produce such complications as
protein-losing enteropathy, neuropsychiatric syndromes,
and apnea.
Half of all infants vomit or spit up at some time during
the first 2 years of life, with only 5% having a significant
underlying cause. 41 Most children with GER present by 6
weeks of age with symptoms of vomiting or failure to thrive,
and outgrow the syndrome by approximately 18 months of
age. The greatest improvement occurs at about 8 to 10
months of age when the child sits upright. Fifty percent of
children with GER require medical evaluation and therapy

.

Box 22-2

.

~ Differential Diagnosis of Reflux Symptoms
Regurgitation. Vomiting
Pain. Esophagitis Symptoms
Cardiac pain
Pulmonary or mediastinal pain; chest wall pain (e.g.,
costrochondritis)
Nonesophagitis upper gastrointestinal inflammation (e.g.,
peptic ulcer disease)
Nonesophagitis dysphagia
Many possible causes of nonspecific irritability in infants
Functional; malingering

Respiratory Symptoms (Wheeze. Stridor. Cough, etc.)
Extrinsic compression (e.g., vascular ring)
Intrinsic obstruction (e.g., malformation, foreign body, cyst,
tumor)
Airways reactive to other stimuli (e.g., allergens. infection)
Infection, inflammation, cystic fibrosis, pertussis, asthma,
other
"Central" events (e.g., central apnea; "cough tic")

Neurobehavioral Symptoms (Sandifer's Syndrome.
Seizurelike Spells)
Seizures
Dystonic reaction to drugs
Vestibular disorders
Early pertussis
Adapted from Orenstein SR: Gastroesophageal reflux. In Stockman JA, Winter
RJ. eds: Current problems in pediatrics, Chicago. YearBook Medical
Publishers. 21:223. 1991. Reprinted from Wyllie R. HyallLs is. ects:
Pediatric gastrointestinal disease: pathophysioloKY. diagnosis. managememo Philadelphia. 1993. WB Saunders.
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measure does not reduce the incidence of reflux but may
reduce the amount of emesis. Small, frequent feedings allow
for adequate gastric emptying and may decrease the
incidence of vomiting caused by gastric distension.
Diagnostic studies in addition to clinical examination are
necessary to rule out causes of pathologic reflux. A barium
study of the esophagus, stomach, and duodenum (upper GI
series) is performed to rule out anatomical abnormalities
such as malrotation. Esophageal pH monitoring is used to
diagnosis and evaluate severity of reflux and is performed in
patients who have experienced an apparent life-threatening
event, reactive airway disease or recurrent pneumonias,
intractable crying, unresponsiveness to medical measures,
and GER symptoms after a fundoplication procedure. 46 A
pH probe is inserted down a naris and positioned at the
middle and lower thirds of the esophagus. The pH is
continuously measured and recorded by a computer pH
recorder for a 24-hour period. A pH of 4.0 denotes reflux of
gastric contents. The frequency and duration are recorded
including the number of episodes longer than 5 minutes, the
longest episode, and the percentage of time the pH is less
than 4.0. The nurse is instrumental in determining the
relationship of reflux to various activities such as sleep,
eating, position, and symptoms. These activities and symptoms are recorded on a bedside monitoring form.
Medications are added to the treatment regimen with
evidence of pathologic reflux. Prophylactic pharmacotherapy may be indicated during exacerbations of severe respiratory disease, mechanical ventilation, or aggressive nutritional rehabilitation with gastric feedings. 47 Prokinetic
agents, such as bethanechol and metoclopramide, are used
to raise LES pressure and promote gastric emptying.
Bethanechol is a cholinergic drug, and its potential for
exacerbating bronchospasm limits its use in children with
respiratory symptoms. Metoclopramide is a dopamine antagonist and has a narrow therapeutic range before central
nervous system side effects such as dystonic reactions may
be seen. 48 Cisapride, a prokinetic agent, which has been
shown to be effective in treating children with GER, is no
longer available because of reports of serious arrhythmias
during concurrent use of some antibiotics. 49.50 H2 antagonists are used successfully in children to prevent hydrochloric acid secretion in the stomach. 51 Cimetidine, ranitidine,
and famotidine are the agents most commonly used. Omeprazole is an agent that blocks the parietal cell proton pump
and effectively reduces acid secretion more completely than
H2 blockers. However, esophagitis relapse occurs with discontinuation and concerns about safety limit the use in
children. 52 .53 Antacids are best used as a supplemental therapy to H2 blockade to neutralize gastric acid. Sucralfate
is also beneficial as a mucosal barrier protectant. 54
Overnight continuous NG feedings are used to treat GER
in certain infants. This has proved effective in infants with
poor weight gain and delayed gastric emptying. It provides
for optimal caloric intake, and has a soothing effect on an
irritated esophagus.
Failure to respond to medical therapy or failure to
promptly diagnose GER may require surgical intervention. Antireflux procedures are typically performed for

Fig. 22-7 A, A sizable bougie is placed in the patient's esophagus
for the procedure to ensure that the wrap is not so tight that food
passage is obstructed. B, The fundus is then drawn around behind
the esophagus and C, interrupted sutures are used to construct the
360-degree wrap. D, When these sutures are tied, a cuff is formed
around the lower esophagus. E, Distension of the stomach creates
a valve that acts as a blood pressure cuff and can completely
compress the lower esophagus. (From Ashcraft KW: Atlas of
pediatric surgery, Philadelphia, 1994, WB Saunders.)

children who have not responded to medical management
and who continue to be unable to gain weight appropriately.
The Nissen fundoplication is the most commonly performed antireflux procedure in children, followed by the
Thai fundoplication and the uncut Collis-Nissen fundoplication. Most pediatric studies report the reduction or
elimination of reflux in more than 90% of patients after
surgical fundoplication. 55 .56
The Nissen fundoplication involves a 360-degree wrap of
the stomach around the distal esophagus, producing a tighter
gastroesophageal junction, thereby decreasing the reflux of
fluid back into the esophagus (Fig. 22-7). The Thai or
"loose" fundoplication provides only a 180-degree wrap of
the stomach, which is thought to provide adequate pressure,
producing antireflux. 57 ,58 The uncut Collis-Nissen uses a
neoesophagus that is created out of stomach, around which
the fundus is wrapped. 59
GI decompression using the gastrostomy tube that is
typically placed during the operative procedure or an NG
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tube is of utmost importance. In some instances a transpyloric feeding tube is placed through the gastrostomy stoma
to allow early introduction of enteral alimentation into the
small bowel. Pain management and respiratory support are
important aspects of postoperative care.

Peritoneal Inflammation
Peritoneal inflammation, or peritonitis, is associated with
high morbidity and mortality. Peritoneal inflammation may
occur with a rapid, abrupt onset or it may be the final
outcome in a progression that begins with acute obstruction followed by necrosis and subsequent perforation.
Peritonitis can be classified as either primary or secondary.
Primary peritonitis is a condition wherein there is no
obvious cause of contamination, but infection is indirectly
introduced into the peritoneal cavity through the bloodstream or lymphatics. Common organisms include both
gram-positive (Streptococcus pneumolliae, enterococcus)
and gram-negati ve (Escherichia coli, Klebsiella pneumoniae) bacteria. If more than one organism is found, perforation must be suspected. 60
Secondary peritonitis, also known as perforative peritonitis, occurs as a result of direct GI tract injury or
contamination. 61 This can develop after an injury to a main
intraabdominal blood vessel or solid organ, or after perforation of a hollow viscus. Secondary infection is relatively
common and may include generalized peritonitis or localized abscess formation.
Pathogenesis. Peritoneal inflammation occurs as a
result of either direct or indirect injury or contamination.
Contaminants include chemicals, blood, meconium, bacteria, or foreign bodies. A localized area of inflammation
usually occurs first. This local inflammatory process causes
exudation of fluid into the peritoneal cavity. The exudate,
rich in antibodies, complement, neutrophils, and macrophages, plays an important role in the body's defense
mechanism. The release of exudate into the peritoneal cavity
can successfully resolve the inflammatory process. Otherwise, contamination of the peritoneum extends with subsequent abscess formation or generalized peritonitis. In the
state of generalized peritonitis, bacteria and toxins are
absorbed by the peritoneal surface into the bloodstream,
causing bacteremia and endotoxemia. Hypovolemia occurs
as fluid shifts into the peritoneal cavity. Concurrent sepsis
from bacteremia can lead to the catastrophic result of septic
shock and death.
Clinical Presentation. The clinical presentation of
primary peritonitis is not usually consist with typical signs
of peritonitis but rather consists of more nonspecific signs
including poor feeding, lethargy, abdominal distension,
vomiting, and mild to moderate abdominal discomfort.
Immunocompromised patients and those with indwelling
catheters, such as a peritoneal dialysis catheter or ventriculoperitoneal shunt, are more susceptible.
Secondary peritonitis is associated with acute symptomatology. Abdominal pain is present and increases with
movement and with breathing, often leading to shallow,
rapid respirations. Abdominal wall spasm is exhibited, and
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it progresses from voluntary guarding in the early stages to
involuntary spasm as the inflammation worsens. Very young
infants do not exhibit abdominal wall spasm, but rather
abdominal wall erythema, discoloration, or cellulitis. Abdominal distension and rigidity are also manifested, and the
child is febrile and tachycardic. The complete blood count
reveals leukocytosis with a left shift (increased immature
neutrophils). Shifting dullness can be elicited on percussion
because of the large amounts of free fluids in the peritoneal
cavity. Anorexia, nausea, and vomiting are also exhibited,
and bowel sounds may be decreased or absent. Occasionally
diarrhea is present. As the inflammatory process progresses,
signs of hypovolemia and sepsis become more apparent.
Abdominal CT is the gold standard in evaluating patients
suspected of having an intraabdominal infection. 60 A
diagnostic paracentesis may be performed if a chronic
condition exists such as cirrhosis, nephrosis, and systemic
lupus erythematosus or in a patient with a ventriculoperitoneal shunt. Fluid obtained with paracentesis is analyzed for
cell count, protein concentration, pH, gram stain, and
culture. Values consistent with intraabdominal infection
include leukocytosis (>300/mm 3 ), low protein «3.5 gIL
because of hypoalbuminemia), and acidic fluid pH «7.35).
A positive gram stain of the peritoneal fluid is diagnostic but
is more commonly negative. Frequently, the same organisms
isolated from the peritoneal fluid are recovered in the
blood 62
Critical Care Management. In addition to frequent
physical examinations, serial abdominal girth measurements, laboratory monitoring and chest and abdominal
radiologic studies are necessary. Supportive care includes
ventilatory management, fluid resuscitation and inotropic
support if hemodynamically unstable, gastric decompression, broad-spectrum antibiotic coverage, and early initiation of parenteral nutrition. Antibiotics must cover the most
common organisms usually encountered with intraabdominal infection. These pathogens are those isolated in the
lower GI tract, typically aerobic microorganisms such as
£. coli (most common), Klebsiella, and occasionally,
Enterococcus. Anaerobic microorganisms include Bacteroides, most often B. fragilis. Other anaerobes occasionally
recovered include Fusobacterium and Clostridium. Infrequently, organisms such as P. aeruginosa. S. aureus, and
Candida may be isolated and are more common in
immunocompromised patients or patients receiving peritoneal dialysis. Antimicrobial agents must be started perioperatively and continued postoperatively to reduce the high
frequency of wound infection that follows with peritonitis.
Table 22-7 lists antibiotics frequently used for intraabdominal infection. Because of increased resistance of anaerobic
organisms to clindamycin, metronidazole is recommended
for anaerobic coverage. However, metronidazole is active
against only anaerobes, and therefore coverage of the
aerobic gram-negative organisms is also initiated. Antibiotic
regimens may include (l) ampicillin, gentamicin and
metronidazole; (2) ticarcillin-clavulanic acid and an aminoglycoside; or (3) imipenem and an aminoglycoside. 60
If signs of perforation occur or if the child's clinical
status deteriorates, surgery is warranted. Goals of surgery
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Antimicrobial Agents Frequently Used for Treatment of Intraabdominal Sepsis
Dosage (mg/kg)

Comments

30 mg/kg divided q8h

Resistant Bacteroides species in some areas
of country
Excellent activity against anaerobes; inactive
against aerobes

30 mglkg divided q6h

150 mg/kg divided q8h
150 mg/kg divided q8h
50-75 mg/kg divided ql2h

100 mg/kg divided q6h
240-400 mg/kg of piperacillin
component divided q6-8h
100-200 mg/kg of ampicillin q6h

40 mg/kg divided q6h

5-7.5 mg/kg divided q8h

2.5 mg/kg divided q8h

ikacin

15-22.5 mg/kg divided q8h
40-60 mg/kg divided q6h
90-120 mg/kg divided q6-8h

",,'

Variable activity against anaerobes; inactive
against PseLldomonas species
Variable activity against anaerobes; very active
against aerobic gram-negative rods
Variable activity against anaerobes; inactive
against PseLldomonas species
Active against EnterococcLls
Active against p-Iactamase producing strains
of S. aLlreLlS. H. injluenzae. B. fragilis.
Klebsiella. E. coli. and Acinelobacter
Same as ampicillin and organisms producing
p-lactamases such as S. aLlreLls. H. injlLlenzae,
E. coli. Klebsiella. Acinetobaeter, Enterobacler, and anaerobes
Active against all gram-positive cocci and
bacilli, including StaphylococcLls aureus and
Staphylococcus epidermidis resistant to
penicillins and cephalosporins, and activity
against enterococci
Reduced activity at acid pH and in anaerobic
environment of abscesses and deep tissue
infections
Treatment of documented or suspected gramnegative baci IIi including Pseudomonas
aerLlginosa
Treatment of documented gram-negative enteric
infection resistant to gentamicin
Treatment of documented multidrug-resistant
gram-negative infection
Treatment of documented multidrug-resistant
aerobic gram-negative infection

m Takemoto CK, Hooding JH, Kraus DM: Pediatric dosage handbook, ed 6, Cleveland, 1999-2000, Lexi-Comp.

include closure of perforations, removal of necrotic tissue,
drainage of abscesses, establishment of intestinal continuity,
and preservation of intestinal length.

Necrotizing Enterocolitis
NEC is a condition of patchy or diffuse necrosis of the
intestinal mucosa thought to result from a combination of
decreased blood flow, hypoxia, and bacterial invasion. 63 The
exact etiology of NEe remains unclear. It occurs most often
in premature infants, but it has been reported in full-term
babies and in infants and children whose preceding risk
factors have included polycythemia, cyanotic heart disease,
chronic diarrhea, or a prior anatomic GI obstruction M - 66

Pathogenesis. The pathogenesis of NEC is most
likely related to several factors. Early theories proposed a
relationship between enteral feeding, intestinal ischemia,
and infection. 67 More recent studies advocate the role of
these factors plus an immature GI function and immature
immune mechanisms as inciting factors for neonatal intestinal mucosal injury68.69 Other predisposing factors include
respiratory distress, hypothermia with associated stress
response, patent ductus arteriosus, umbilical artery catheters, and exchange transfusions. 66
In instances of hypoxic-ischemic injury, blood is shunted
to the brain and heart and away from less vital organs such
as the bowel. Vasoconstriction of the intestinal vasculature
occurs, followed by bowel ischemia and mucosal damage.

Chapter 22

~

Box 22-]

Staging Criteria for NEC

Stage 1 (Suspect)

History of perinatal stress
Systemic manifestations: temperature instability, lethargy,
apnea, bradycardia
01 tract manifestations: poor feeding, increased gastric
residuals, emesis (may be bilious or have positive results
for occult blood), mild abdominal distension, occult
blood in stool
Stage 2 (Definite)

Above history and signs and symptoms plus persistent occult
or gross OJ tract bleeding
Marked abdominal distension
Abdominal radiographs show significant intestinal distension
with ileus. small bowel separation, pneumatosis intestinalis
Stage] (Advanced)

Same signs and symptoms as in stage 2 plus deterioration in
vital signs
Evidence of septic shock or marked 01 tract hemorrhage
Abdominal radiographs show pneumoperitoneum
Modified from Bell MI, Ternberg JI., Reign RD el aI: Neonatal necrotizing
enterocolitis: therapeUlic decisions based upon clinical slaging. Ann Surg
1:187, 1978.

Bowel wall injury allows bacterial colonization and can lead
to extensive tissue damage, including necrosis. Enteral
feeding has been proposed as a contributing factor in NEC
because more than 95% of infants with NEC have been fed
enterally before its onset. 70 The volume of milk fed to
infants may also be a contributing factor. The rate of feeding
may exceed the infant's intestinal absorptive capability,
resulting in malabsorption. Malabsorbed carbohydrates
produce increased intestinal bacterial gas leading to abdominal distension. Abdominal distension may cause increased
intraluminal pressure and result in reduced mucosal blood
flow and ultimately intestinal ischemia. The bacterial gas
penetrates the perforated intestinal wall, resulting in the
diagnosis of free air on abdominal x-ray films. The entry of
bacterial gas into the submucosal tissue (intraluminal wall)
is called pneumatosis intestinalis.
Clinical Presentation. Any preterm infant should be
considered at risk for developing NEC. A high level of
suspicion is maintained even with subtle clinical changes,
such as an increased feeding residual, increased abdominal
distension, temperature instability, lethargy, and apnea.
Later indications of NEC include Hemoccult-positive
stools, discoloration of the abdominal wall, and visibly
dilated bowel loops. On physical examination, the infant
with NEC has abdominal tenderness, erythema, distension,
and irritability along with respiratory compromise.
Staging criteria for NEC is outlined in Box 22-3. Stage I
represents subclinical NEC in which clinical symptomatology is present but there are no radiographic findings. Stages
II and III have radiographic findings consistent with disease.
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Radiographic findings include pneumatosis, dilated loops of
bowel, or pneumoperitoneum. Progression from one stage to
another usually occurs within 24 to 48 hours after symptoms
arise. Once the infant is stabilized, disease progression
rarely occurs. Most episodes of perforation occur on
presentation. 66 .71
Critical Care Management. The management of
NEC is largely supporti ve. Certain measures are taken when
the diagnosis is suspected. The patient is made NPO with
NG decompression. Parenteral nutrition is provided while
the patient is NPO. Duration of NPO status is dictated by the
continued clinical and radiographic findings consistent with
NEC. Abdominal radiographs (flat plate and cross-table
lateral) are obtained when NEC is suspected and repeated
every 6 hours during the acute phase to monitor for
progression of disease. Laboratory studies include a complete blood count and differential to monitor for signs of
sepsis and GI bleeding associated with the disease. Serial
electrolyte and arterial blood gases (ABGs) are also
obtained to monitor for metabolic acidosis and electrolyte
disturbances associated with poor perfusion and advanced
disease. Inflammation and edema of the intestine results in
third spacing of fluid; which can cause significant fluid and
electrolyte derangements if adequate replacement is not
maintained. Infants generally require one and one half to
two times maintenance levels of fluids to maintain adequate
intravascular volume. Mechanical ventilation and inotropic
support are often required to stabilize the critically ill infant
in septic shock. Broad-spectrum antibiotic coverage is
initiated immediately including anaerobic coverage (i.e.,
metronidazole) if perforation is observed on radiographic
studies.
Indications for surgery include radiographic evidence of
intestinal perforation or clinical deterioration despite aggressive medical management. Preparation for the operation includes stabilization with GI decompression, respiratory and cardiovascular support, thermoregulation, fluid
resuscitation, and prevention of sepsis. The timing of
surgical intervention for a child with NEC is critical but
is a difficult management decision. Ideally the operation
should take place when the bowel is truly necrotic but
perforation has not occurred. If the operation occurs early,
there may be a large gray, thin, edematous area of bowel
that has no distinct boundaries, making surgical resection
more difficult. On the other hand, if operation occurs too
late the small bowel may be completely nonviable. Fig.
22-8 provides an algorithm for treatment of the neonate
with NEC.
Infants with fulminant NEC experience all the clinical
signs and symptoms previously described within hours and
exhibit rapid deterioration and multisystem failure. Immediate surgical intervention is required.
Postoperatively, fluid loss through the ileostomy is
closely monitored, noting the presence of blood. Fluid
management can be difficult in these patients because of the
increased fluid output coupled with third spacing of fluids.
Parenteral nutritional support and broad-spectrum antibiotic
coverage are continued. The reinstitution of enteral feeding
following adequate bowel rest and stable radiographic
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Fig. 22-8 Proposed algorithm for treatment of neonatal necrotizing enterocolitis_ (From Ghoury MJ,
Sheldon CA: Newborn surgical emergencies of the gastrointestinal tract, Surg Clin North Am
65:1083-1098, 1985.)

studies is performed slowly while monitoring for clinical
symptoms of NEe.
Long-term prognosis for infants with NEC is good if they
survive the initial critical period 72 Stomal closure can occur
between 6 weeks and 3 to 4 months of age, depending on the
child's enteral feeding tolerance. In some children, the
increased water loss from the ileostomy can force earlier
closure of the stoma. Before stomal closure, all children
undergo a BE to assess the distal segment of bowel for
stricture fonnation, a complication occurring after some
episodes of NEe. Stricture formation and acquired short
bowel syndrome (SBS) are the two major complications that
result from NEC. 73

Short Bowel Syndrome
SBS is defined as the absence of more than 50% of the small
bowel, which results in malabsorption of nutrients 74 .77
Wilmore reviewed cases of 50 infants younger than 2
months of age and defined SBS as residual jejunoileallength
of less than 75 cm. 75 Thirty years ago children with this
entity succumbed to the disease. Since that time, major
advances in venous access, parenteral-enteral nutrition,
understanding of bowel adaptation, and success with small
bowel transplantation have greatly improved the patients'
quality of life and chances for survival. 76
Massive bowel loss can occur as a result of prenatal or
postnatal causes. Before an infant is born, embryologic
maldevelopment or vascular accidents necessitate emergent
lifesaving surgery shortly after birth to correct the defect,
but in many situations surgery leaves the child with a

foreshortened small bowel. During infancy or childhood,
disease processes, vascular thrombosis, or trauma can result
in the same outcome_ Volvulus and NEC are the two leading
causes of SBS 75 ,78-80
Pathogenesis. After major small bowel resection,
there is a loss of intestinal mucosal absorptive surface area,
along with rapid transit time of intestinal contents, resulting
in inadequate ability of the gut to digest and absorb
nutrients.77.81 Depending on the severity of the symptoms,
the child's nutritional rehabilitation course can be short and
uncomplicated, or prolonged with multiple and severe
complications, which ultimately lead to death.
With significant loss of small intestine, the bowel
undergoes numerous changes_ In many patients, there is
excessive secretion of gastric acid, which can lead to
diarrhea, decreased function of pancreatic enzymes, bacteria
overgrowth, ulceration, hemorrhage, and denuded perianal
skin. 82.83 Jejunal resection results in a loss of brush border
enzymes, which impairs carbohydrate absorption. Stasis of
carbohydrate substrate in the bowel further leads to bacterial
overgrowth. Protein metabolism is hindered owing to
malabsorption of peptides and amino acids. Loss of
water-soluble vitamins including B 12 is associated with a
large jejunal resection. Ileal resection causes malabsorption
of bile salts, which leads to excessive fatty stools and
malabsorption of fat-soluble vitamins (A, D, E, and K)_77.83
Because of the ileum's potential for adaptation and
ability to transport bile acids and vitamin B 12' the ileum,
rather than the jejunum, is the most critical area to leave
intact. 20.83 The presence of the ileocecal valve aids in both
slowing small intestinal transit time, thus improving absorp-
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tion of nutrients, and decreasing the risk of colonization by
colonic bacteria. 81 .83 But in many cases, especially in
patients with NEC, preservation of the valve is impossible.
Studies have shown that long-term survival is possible with
an 11- to IS-cm jejunoileum and an intact ileocecal valve or
with 2S- to 40-cm small bowel without an ileocecal
valve. 75 .84
The exact length of the small bowel is difficult to
ascertain but is thought to be approximately three times a
person's linear length. The full-term neonate is estimated to
have between 200 and 300 em of small intestine. 8s Intestinal
length increases to 600 to 800 em by adulthood. For preterm
infants, it is important to note that the small bowel doubles
in length from the nineteenth to the thirty-fifth week of
gestation. Thus resection of the small bowel in a preterm
infant may have more severe consequences than for a
full-term infant. 28
Intestinal "adaptation" is the normal physiologic response of the small intestine after major resection. During
this process, there is a gradual increase in surface area
because of mucosal hyperplasia, villous lengthening, and
increased depth of the intestinal crypts. Three mechanisms
are involved in gut adaptation: luminal, hormonal, and
cellular factors 86
Clinical Presentation. Children with SBS regardless
of cause will present with some degree of diarrhea and
nutritional malabsorption. Significant diarrhea can result in
dehydration and electrolyte disturbances. Other clinical
findings may include vomiting, abdominal pain, and failure
to thrive. In addition, signs and symptoms of protein-losing
enteropathy such as edema (commonly periorbital, facial,
abdominal, leg and ankle) and hypoalbuminemia may be
evident. Protein-losing enteropathy is a pathophysiologic
process in which there is excessive GI protein loss due to
disruption of the intestinal lumen. Intestinal disruption
allows serum proteins to be spilled into the lumen as a result
of (I) mucosal erosion or ulceration, and (2) obstruction of
the thoracic duct with transmission back to the small
lymphatics in the small intestine. 87
Critical Care Management. After extensive bowel
resection, nutrition is provided with TPN to ensure that
nutrients, electrolytes, minerals, vitamins, and trace elements necessary for healing and growth are met. It is
important to remember that the central line is the "lifeline"
for a child with SBS. It is critical that the integrity and
sterility of the catheter be maintained to prevent iatrogenic
catheter loss.
Cholestatic liver disease is a common complication of
long-term TPN, especially in the preterm infant. The cause
for this is unknown but most likely is multifactorial. The
responsible factors include toxicity of amino acids, bile
acids, amino acid competition for transport across the
canalicular membrane, toxins in the TPN solution, and lack
of stimulation of biliary flow by the gut. 74 .S1 To reduce the
risk of TPN-induced jaundice, early enteral alimentation is
provided and the concentration of amino acids in the TPN is
limited to 2.5 g/kg/day.
Surgical intervention may increase the small bowel
absorptive surface. A bowel-lengthening procedure, which
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involves longitudinal division of a dilated segment of the
bowel, tubularization of the two segments and end-to-end
anastomosis, has been successful. This procedure, in theory,
doubles the segmental length of bowel.88 Other procedures
include reversed small bowel segments, prejejunal isoperistaltic colonic interposition, and replacement of ileocecal
value with a nipple valve intussusception 89.9o Unfortunately, the success rate of these procedures has not been
substantial. Small bowel transplantation is the procedure of
choice to eliminate the problems associated with SBS.
Long-term survival of a child with SBS is dependent on
transition from parenteral to enteral nutrition. Enteral
nutrition is essential to stimulate small bowel adaptation and
to prevent TPN-associated cholestasis 91 The optimal nutrient composition of enteral feedings in short bowel patients
is controversial. However, the initiation of enteral feeding
should begin with an elemental formula (i.e., Pregestimil in
children <1 year, Peptamen Junior> I year) administered
continuously and at a slow rate of infusion. Stool volume,
pH, reducing substances, and daily weight measurements
are closely monitored for feeding intolerance. As tolerance
is observed, the child can be advanced to small bolus feeds
during the day with resumption of continual NG or
gastrostomy feeding at night. TPN is tapered with increasing
enteral feeding volume while ensuring optimal caloric
intake. However, the transition from parenteral to enteral
nutrition is gradual and may take months or even years.
Byrne and colleagues described an approach to "rehabilitating" residual bowel with the administration of specialized nutrients (i.e., glutamine and long-chain triglycerides), growth factors (i.e., growth hormone, insulin-like
growth factor-I), and a high-fiber diet. 92 The researchers
reported improved caloric intestinal absorption and decreased stool output after a 3-week course of this therapy. A
similar study performed by Scolapio and colleagues failed
to demonstrate the same improvements. Experience in
children is lacking. Further research in children and adults is
needed to confirm these preliminary findingsy3
The goals of drug therapy in patients with SBS are to
reduce diarrhea, replace electrolytes, and treat complications. The most effective antidiarrheal agent for children
with SBS is loperamide. It is used to reduce GI motility,
thereby increasing nutrient contact time with the mucosa.
However, this delay in intestinal transit time may also
increase the child's risk for bacterial overgrowth. Bacterial
overgrowth is a difficult problem to treat in SBS patients. The choice of antimicrobial therapy is largely empiric
(i.e., metronidazole). Another agent used to treat highvolume secretory diarrhea is octreotide 94 Octreotide is a
somatostatin analogue that inhibits exocrine secretions
from the stomach, pancreas, and small intestine; reduces
splanchnic blood flow; and slows GI motility. Currently
there are varying reports of its effectiveness in treating
diarrhea. 81.83.86
Other more long-term problems include the reduction in
bile salt reabsorption, and malabsorption of fat-soluble
vitamins, calcium, magnesium, and zinc. Cholestyramine
is an ion-exchange resin that binds intraluminal bile acids
and is often used to reduce the effects of malabsorbed
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bile salts on the colon. Supplementation of fat-soluble
vitamins, calcium, and magnesium are imperative to prevent
complications, such as rickets or tetany. Vitamin B I2
supplementation is necessary in patients with a resected
ileocecal valve. Folic acid, electrolytes, and trace elements
are also essential if the levels are below normal.
The prognosis of children with SBS has dramatically
improved since the introduction of parenteral nutrition. In
addition, the success of small bowel transplantation may
improve the outcome of patients with minimal residual
bowel.

Pancreatitis
Pancreatitis is an acute inflammatory condition that results
from an autodigestive process within the pancreas. It is
relatively uncommon in children; however, it is being
increasingly recognized in patients with multisystem disease. 95 •96 Pancreatitis can present at any age and ranges in
severity from a mild to fulminant inflammatory process.
The most frequent cause of childhood pancreatitis is
blunt abdominal trauma, with child abuse identified in as
many as one third of these cases. 22 In addition to traumatic
pancreatitis, other common causes include viral infection,
drugs, multisystem disease, and congenital anomalies. 96
Pathogenesis. The exact mechanisms that initiate the
sequence of enzymatic reactions resulting in acute pancreatitis are unclear. It is proposed that the autodigestive
process results from premature activation of proteolytic
enzymes within the pancreas, or from the reflux of activated
enzymes into the pancreas from a distal obstruction. 22 .96
Both processes cause a localized inflammatory response. If
autodigestion is severe and extensive, vascular damage may
occur, causing hemorrhagic pancreatitis. In addition, release
of lipase into surrounding tissues can cause fat necrosis and
breakdown of calcium. Local inflammation in and around
the pancreas causes third spacing into the peritoneum and, if
uncorrected, can lead to hypovolemia and cardiovascular
collapse.
Clinical Presentation. Abdominal pain is the most
common symptom observed in acute pancreatitis. It is
described as sudden, constant, dull, epigastric, or periumbilical pain and may radiate to the back or is referred to the
left shoulder. Diffuse peritoneal signs such as guarding,
decreased or absent bowel sounds, and distension may also
be present. However, unlike in adults, symptoms in children
may be subtle with minimal abdominal pain or nonepigastric in origin. 95 In cases of hemorrhagic pancreatitis, a bluish
discoloration may be seen in the flank area (Grey Turner's
sign), indicating retroperitoneal bleeding. Periumbilical
discoloration (Cullen's sign), indicating intraabdominal
bleeding, may also be seen in cases of hemorrhagic
pancreatitis. Patients are febrile and exhibit nausea and
vomiting. In patients with fulminant pancreatitis, signs of
shock may be exhibited.
Initial laboratory analysis reveals markedly elevated
serum amylase and lipase, elevated transaminases (AST,
ALT), leukocytosis, elevated hematocrit (as a result of
hemoconcentration caused by intravascular fluid loss), and

hypocalcemia. Serum amylase level is typically elevated
within hours and remains elevated for 4 to 5 days. It is
important to remember that the serum amylase level reflects
salivary and pancreatic components. Fractionation of the
serum amylase can be readily performed in most clinical
laboratories; however, it is not commonly ordered because
of the specificity of the serum lipase level. Specificity is
increased when the serum amylase and lipase levels increase
at least threefold. Hypocalcemia is seen most often during
the first few days of illness but rarely is associated with
symptoms.
The plain abdominal radiograph may reveal a "sentinel
loop" (dilated loop of bowel located near the pancreas),
ileus, or a mass effect if a pseudocyst has developed. A
pseudocyst is a cyst-like mass filled with pancreatic fluids
extending out of the pancreas. Although a pseudocyst may
develop from any of the causes of pancreatitis, it is most
often a complication of traumatic pancreatitis. An abdominal ultrasound is useful in identifying both the presence and
extent of pancreatic damage and complications resulting
from acute pancreatitis. In addition to pseudocyst formation,
other complications include abscess formation, splenic vein
thrombosis, diabetes (usually temporary), and pancreatic
enzyme insufficiency (in cases of chronic, recurrent pancreatitis). Endoscopic retrograde cannulation of the pancreatic
ducts (ERCP) is helpful in defining abnormalities of the
pancreatic and biliary ducts that result in structural/obstructive pancreatitis. Abdominal CT is usually reserved for more
difficult patients or when the ultrasound results are unclear.
Approximately 20% of patients with acute pancreatitis have
a normal abdominal CT examination. 97
Critical Care Management. Management of the
patient with acute pancreatitis is multisystemic in approach,
with the primary goal of suppressing or halting the
autodigestive process. Strategies employed are aimed at
decreasing the activity of the pancreas and include NPO,
mai ntaining gastric decompression, and administering antacids and H2 blockers that act to decrease gastric acid
secretion.
Other goals of management include prevention of
hypovolemia and shock with adequate fluid resuscitation,
provision of respiratory and nutritional support, and restoration of nonnal pancreatic functions. Patients presenting
with or progressing to a fulminant form of acute pancreatitis
require comprehensive hemodynamic monitoring.
Frequent serial abdominal examinations, including abdominal girth measurement, and treating abdominal pain
with analgesics are an integral part of care. Broad-spectrum
antibiotics are also administered. While the patient is NPO,
nutrition is provided with TPN.
Laboratory studies to be monitored include amylase and
lipase, transaminases, electrolytes, albumin, complete blood
count with differential, ABGs, and serum calcium levels.
Hypocalcemia is a common metabolic complication of
pancreatitis and assessing for signs and symptoms including
irritability, muscle twitching, tetany, seizures, and the
electrocardiogram for lengthening of the QT interval is
imperative. Fever, tachycardia, and leukocytosis may occur
in the patient with acute pancreatitis in the absence of
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infection. However, infection should be suspected with high
fevers (greater than 39° C), significant leukocytosis (over
20,OOO//lL), or signs of clinical deterioration 22 Abdominal
CT with contrast is performed to identify pancreatic
necrosis, pancreatic fluid collections, or pseudocyst. In
addition, regular chest radiographs are obtained because
patients are at risk for developing pleural effusions and
acute respiratory distress syndrome (ARDS).
Efforts are made to treat acute pancreatitis medically and
to avoid surgery. Surgical treatment is usually reserved for
traumatic pancreatitis with ductal rupture, debriding necrotic and infected tissue, and draining of a pancreatic
abscess when percutaneous drainage has failed. 98

GASTROINTESTINAL BLEEDING
GI bleeding can vary in clinical presentation from acute
life-threatening shock to asymptomatic bleeding with stools
positive for occult blood. Bleeding can originate throughout
the GI tract. Causes of upper and lower GI bleeding are
listed in Tables 22-8 and 22-9.
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stress gastritis, is most commonly associated with severe
stress in the critically ill patient. Patients may develop
isolated gastroduodenal erosions or mucosal ulcerations in
multiple sites within the stomach and duodenum, Acute
gastritis occurs in critically ill children suffering from burns,
severe head trauma, major surgical procedures, sepsis,
multiple trauma, and respiratory failure. Critical care nurses
playa key role not only in the early detection (by evaluating
gastric aspirates) and treatment of upper GI bleeding but
also in the prevention of upper GI bleeding by identifying
children at risk and administering prophylactic medications
(i,e" H 2 blocker) as ordered.
The etiology of acute gastritis secondary to stress is
unknown but is, most likely, multifactorial. Potential causes
include impaired blood flow, increased secretion of acid and
pepsin, decreased production of mucus, decreased gastric
somatostatin level, alterations in levels of adrenal steroids
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22-9
Bleeding

TABLE

Lower Gastrointestinal

Acute Gastritis

Common

Less Common

A common cause of upper GI bleeding, regardless of age, is
acute gastritis. Acute gastritis, also referred to as erosive or

Anorectal lesions
Swallowed maternal blood
Milk allergy
Necrotizing enterocolitis
Midgut volvulus

Vascular malformations
Hirschsprung's
enterocolitis
Intestinal
duplication
Coagulopathy

Anorectal lesions
Midgut volvulus
Intussusception
«3 yr)
Meckel's diverticulum
Infectious diarrhea
Milk allergy
«4 yr)

Vascular malformations
Intestinal duplication
Acquired thrombocytopenia

Juvenile polyps
Meckel's diverticulum
Intussusception
«3 yr)
Infectious diarrhea
Anal fissure
Nodular lymphoid
hyperplasia

Henoch-Schtinlein
purpura
Hemolytic-uremic
syndrome
Vasculitis (SLE)
Inflammatory
bowel disease

Inflammatory
bowel disease
Polyps
Hemorrhoids
Anal fissure
Infectious diarrhea

Arteriovascular
malformation
Adenocarcinomas
Henoch-Schtinlein
purpura
Pseudomembranous colitis
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..'.

22-8 .Upper Gastrointestinal
Bleeding

TABLE

fge Group

Common

Less Common

£i:-Neonates
l1fO-30 days)

Swallowed
maternal
blood
Gastritis
Duodenitis

Coagulopathy
Vascular malformations
Gastric/esophageal
duplication
Leiomyoma

Gastritis and
gastric ulcer
Esophagitis
Duodenitis

Esophageal varices
Foreign body
Aortoesophageal
fistula

Esophagitis
Esophageal varices
Gastritis and
gastric ulcer
Duodenal ulcer
Mallory-Weiss tear
Nasopharyngeal
bleeding

Leiomyoma
Salicylates
Vascular malformation

Duodenal ulcer
Esophagitis
Esophageal varices
Gastritis
Mallory- Weiss tear

Thrombocytopenia
Dieulafoy's ulcer
Hematobilia

l,;~ " '"'
...

~

Il!fChiidren

l~iCl2 years)
~!'

l·. '

I.lf~;;. i.
~,

~

rtAdolescents
~,(1.2 years-adult)
~;

-

~i"

~ti

t~~rom

Hematobilia

Olson AD. Hillemeier AC: Gastrointestinal hemorrhage. In
f;fu)Vyllie R, Hyams 1S, eds: Pediatric gastrointestinal diJease: patho·
(hysiology, diognosis, management, Philadelphia, 1993, WB Saunders.

ji'

IU:from Olson AD, Hillemeier AC: Gastrointestinal hemorrhage. In

~l~"y11ie R, Hyams IS. eds: Pediatric gastrointestinal disease: patho-

!thysiology, diagnosis, managemelJ/, Ph~adelphia, 1993, WB Saunders.
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and catecholamines, and impairment in the local production
of prostaglandins.
Corticosteroid therapy has been implicated in causing
acute gastritis; however, there is no evidence-based research
to substantiate this claim. A large prospective descriptive
study in pediatric patients revealed that 10.2% of 1006
admissions developed clinical signs of GI bleeding, only
1.6% were considered clinically significant. 99 Other reports
demonstrate that patients with multitrauma, coagulopathy,
respiratory failure, or pediatric risk of mortality score
(PRISM) greater than 10 should receive prophylaxis to
prevent upper Gl bleeding.lOo.loz Nonsteroidal antiinflammatory drugs (NSAlDs) are known to cause both gastritis
and mucosal ulceration. 103
Gastric acidity has also been associated with an increased
risk of gastritis. Valentine and colleagues reported that
patients with a gastric pH greater than 3.5 had only a 4%
incidence of Gl bleeding, and patients with a gastric pH
greater than 5 had no overt GI bleeding. 104 However,
increased gastric pH may increase the risk of nosocomial
pneumonia by enhancing colonization of gram-negative
bacteria. Therefore the current recommendation is to administer prophylaxis only to high-risk patients, which
include those with respiratory failure requiring mechanical
ventilation for more than 48 hours and/or in those with
coagulopathy.los
The best gut protection is enteral feeding administered by
the NG route. If this is not possible or if the patient is
receiving transpyloric enteral feeding (and is identified as a
high-risk patient), stress ulcer prophylaxis is indicated.
Prophylaxis often will include an Hz blocker (i.e., ranitidine,
cimetidine) titrated to maintain gastric pH greater than 4.
Patients receiving an Hz blocker should be monitored for
thrombocytopenia. Sucralfate may also be considered as
adjunct therapy, which acts as a protective "barrier" by
coating the gastric mucosa. This agent may be more
convenient than an H 2 blocker because it does not affect the
gastric pH and therefore does not require pH monitoring.
Omeprazole is an agent that blocks the parietal cell proton
pump and effectively reduces acid secretion more completely than H2 blockers and has a longer duration of action
(12 to 24 hours). The disadvantage of this drug is the method
of administration. Omeprazole is supplied as capsules
containing enteric-coated granules. The administration of
the drug requires opening the capsule and dispersing the
granules in a solution to prevent clogging of the feeding
tube. However, obstruction of the feeding tube continues to
be a commonly reported problem. The use of antacids is
currently not supported secondary to the need for frequent
administration to effectively maintain an increase in pH,
leading to increased risk of reflux and microaspiration. 106

22·10 Signs and Symptoms
in Gastrointestinal Hemorrhage

TABLE
Fi'-,

~r;Sign

Indication

Site of Bleeding

lij,splenomegaly

Portal hypertension

~'Hemangioma

Multiple hemangioma syndrome

Esophageal varices
Portal gastropathy
Vascular malfonnation of GI tract

l~iaundice
~~i..-,~

ITelangiecta,ia
~.,

(~Hematemesis

!!!T"

ill"-

~;;

~~":tvIelena

mr
!!1HemalOchezia
l~:;

g~~

g:1I"
~;:"

iifNasogastric aspi~:: .rate: gross
1m" blood
71ft.:
,i:l',llpable purpura

~~~.
~odified from Olson

Bleeding from
above the ligament of Treitz
Bleeding from
above the ileocecal valve
Colonic bleeding,
massive upper
GI bleeding
Bleeding from
above the ligament of Treitz
Henoch-Schonlein
purpura
AD.

Upper GI tract

Upper GI tract or
small intestine
GI tracl

Uppcr GI tract

GI tract

HiUemeier AC: Gastrointestinal hemor-

~~age. tn Wyllie R. Hyams JS, eds: Pediatric gastrointestillal dis·
~!a:se: pathophYJiolog)~ diaKllOsis, management, Philadelphia. 1993.

lrro Saunders.

Clinical Presentation. GI hemorrhage can present in
several distinct ways (Table 22-10). Hematemesis describes
bright red vomiting or coffee ground-like emesis. This
suggests a bleeding source above the ligament of Treitz (at
the duodenojejunal junction in left upper abdominal quadrant). Hematochezia is the passage of bright red blood or
maroon-colored stool from the rectum. It is most commonly
associated with a colonic source of bleeding. Melena is the
passing of dark, black, tarry stools, which occurs in patients
bleeding from a site located above the ileocecal valve. The
black color is the result of the action of the bacteria on the
hemoglobin that has been converted to hematin. Borborygmi are deep rumbling abdominal sounds caused by the
rapid transit of blood through the GI tract.
Critical Care Management. Acute Gl bleeding can
result in massive exsanguination and shock. An NG lUbe is
inserted in the case of upper GI bleeding to prevent
aspiration of blood. Hemodynamic assessment guides administration of fluid, red blood cells (RBCs), and other
blood products until the patient can be transported to the
operating room for primary surgical intervention.
Radiographic studies play a limited role in the initial
investigation of Gl bleeding.

Lower Gastrointestinal Bleeding
Lower GI hemorrhage is rare in the pediatric population.
Individuals at risk are those with known coagulopathies,
such as hemophilia A or B, chronic liver disease, and portal
hypertension. Mucosal lesions, ulcers, polyps, arteriovenous
malformations, and inflammatory bowel disease are also
sources of lower Gl tract bleeding.

Esophageal Varices
Esophageal varices are the result of portal hypertension,
which can occur at any stage of liver disease. In hepatic
disease, portal hypertension is caused by cirrhotic changes
(intrahepatic scarring) that collapse and distort the hepatic
vasculature.
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Pathogenesis. When blood flow through the liver is
obstructed, portal venous pressure increases. The development of collateral circulation redirects the portal venous
blood flow through vessels of lower resistance and avoids
the obstruction. Collateral vessels develop in the abdominal
wall, rectum, lower esophagus, and stomach. These lowpressure veins eventually become distended with blood,
causing the veins to enlarge, developing into varices. The
development of collateral portal circulation may reduce the
portal pressure toward normal.
Clinical Presentation. The diagnosis of portal hypertension is based on clinical presentation, along with
information obtained from a variety of studies. Splenomegaly is generally the first sign of portal hypertension in
children. Hematemesis, melena, nosebleeds, or an unexplained decrease in hemoglobin level may also indicate
portal hypertension, although massive hematemesis is often
the first clinical sign in children. Barium studies can detect
relatively large varices but are unable to provide additional
clinically important information that can be obtained by an
ultrasound or endoscopy. An abdominal ultrasound is useful
in determining the presence and size of the portal vein and,
with Doppler, can determine the direction of the blood flow
through. the portal system. An upper endoscopy is currently
the best modality to determine the location and size of the
varices.
Critical Care Management. Hemorrhaging esophageal varices are a true medical emergency and require
prompt action. The cause of a bleeding episode is usually
unknown, but factors suggesting rupture include a sudden
increase in abdominal venous pressure as a result of physical
exertion, coughing, sneezing, vomiting, or slOol straining.
The first priorities are stabilization of airway, breathing, and
circulation. The child is turned on his or her side in a
semi-Fowler position with suction at the bedside to protect
the airway against possible aspiration or occlusion. In
addition to suction, accessibility of supplemental oxygen
and equipment for intubation and vascular access is ensured.
Close monitoring of vital signs and determination of
blood loss indicate the amount of fluid replacement necessary. During the resuscitation phase, it is vital that the blood
pressure be maintained. Isotonic crystalloid is administered
in boluses of 20 mllkg until systemic perfusion is restored or
whole blood is available. As the child's condition stabilizes,
the need for other blood products is determined by the
complete blood count and coagulation indices. Tn general,
fresh frozen plasma is administered to correct coagulation
abnormalities or with every two to three units of packed
RBCs (unless whole blood is used) to account for ongoing
loss of coagulation factors. Platelet transfusions are reserved
for patients whose platelet counts are less than 50,000 per
cubic millimeter.
Simultaneous with fluid resuscitation, an NG tube is
inserted to determine the volume of bleeding. Suspicion of
esophageal varices is not a contraindication for the insertion
of an NG tube. A large-diameter tube (10-16 French) is
passed to provide access for gastric lavage with roomtemperature normal saline. Room-temperature solutions
prevent hypothermia and its a~sociated side effects and are
better tolerated by the patient.
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Vasopressin is an antidiuretic hormone (ADH) that is
naturally excreted by the posterior pituitary. Administration
of this hormone produces a pharmacologic effect that
reduces bleeding in 35% to 50% of cases. 7 •107 Vasopressin
acts directly on GI smooth muscle and induces systemic
vasoconstriction. It also lowers portal venous pressure by
reducing splanchnic arterial blood flow.
Vasopressin is given through a central venous line at a
continuous infusion rate of 0.002 to 0.008 units/kg/minute
or 0.2 to 0.4 units/minute. Vasopressin infusion is continued
for as long as 24 to 36 hours and is slowly weaned if no
evidence of rebleeding exists.
Because vasopressin vasoconstricts the coronary and
renal arteries, it is important to closely monitor for
arrhythmias and hypertension. If bleeding does not cease or
if it reoccurs, further elevation of the vasopressin infusion
creates increased intravascular pressure because of excessive vasoconstriction. The increased pressure on the portal
system can precipitate greater blood loss.
Renal complications that accompany the use of vasopressin include fluid retention. Fluid intake should be limited to
two-thirds maintenance requirements. Strict intake and
output measurements are essential. Urine output of less than
0.5 mIIkg/hour in a child may be the result of fluid retention
from the use of vasopressin requiring titration of the
infusion.
Serum and urine laboratory values are obtained every 6
hours. Electrolyte and osmolality levels change significantly
with fluid retention. Signs of fluid retention include decreased serum sodium and osmolality levels, whereas urine
sodium and osmolality levels are increased. Liver dysfunction complicates the etiology of electrolyte disturbances.
Low serum sodium may indicate hyponatremia resulting
from vasopressin-induced free water retention. However,
the total body sodium may actually be increased because of
hepatorenal disease. The interpretation of serum sodium and
the administration of replacement sodium require extreme
caution.
Ascites and edema resulting from liver dysfunction may
worsen as a result of vasopressin-induced water retention.
Albumin may be administered in an effort to draw fluid from
the extracellular space into the vasculature. A preparation of
25% albumin is used to decrease the total fluid volume
administered. After the infusion of albumin, a dose of
furosemide (I mg/kg) is administered to facilitate diuresis.
It may be necessary to repeat this procedure until the serum
albumin and total protein levels normalize and fluid
retention resolves.
Octreotide has largel y replaced vasopressin in many
pediatric centers because of its more favorable profile. 107·109
Octreotide is a synthetic analogue of somatostatin that has
been proven in adults to be as effective as injection
sclerotherapy in controlling acute bleeding. 108 Somatostatin
reduces gastric blood flow and inhibits gastric acid and
gastrin production. Like vasopressin, it reduces portal venous pressure by decreasing splanchnic blood flow; however, it does not produce major systemic side effects.
Suggested dosing includes administering a 1 10 2 ~glkg
intravenous bolus followed by a continuous infusion of I to
2 ~g/kg/hour. 108 Currently there are no controlled studies
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on the use of somatostatin in children. Subsequent modes of
therapy such as balloon tamponade and sclerotherapy are
considered when medical therapy fails.
Balloon tamponade is performed with a SengstakenBlakemore tube (SBT). The availability of sclerotherapy has
significantly reduced its use. The SBT is available in two
sizes, pediatric and adult. The pediatric tube consists of
three lumens: one for gastric aspiration, one for inflating the
esophageal balloon, and one for inflating the gastric balloon.
The adult SBT has the addition of a fourth lumen for
aspiration of esophageal secretions. The SBT provides a
tamponade effect to the bleeding varices. Inflation of the
gastric balloon applies pressure to the vessels feeding the
varices and thus decreases the blood flow. Inflation of
the esophageal balloon allows pressure to be placed directly
on the varices. In children, the gastric balloon is inflated first
and if the bleeding continues, inflation of the esophageal
balloon is considered.
Once balloon tamponading is initiated, it is necessary to
keep children immobile. Activity can increase abdominal
and intravascular pressures, causing increased bleeding
activity. Therefore neuromuscular blockade may be necessary. Ventilatory support is necessary for as long as the SBT
is in place.
Bleeding is monitored by the amount of blood aspirated with intermittent suction. The blood pressure and
central venous pressure are continuously monitored and
near-normal parameters are maintained by volume replacement. It is important that hypertension be avoided. Complete blood count levels are monitored every 4 hours
until the hematocrit is stable. A hematocrit of 30 to 36
is adequate for these patients because hematocrits higher
than 36 have been shown to stimulate rebleeding as a
result of the increased intravascular pressure placing
stress on the varices. 107 Packed RBCs are administered to
raise the hematocrit. Coagulation indices and platelet counts
are monitored and blood products, such as platelets and
fresh frozen plasma, are given as described above. Vitamin
K may also be administered to replace factors II, VII,
IX, and X.
Complications commonly seen with the SBT are atelectasis and aspiration pneumonia. Atelectasis is the result of
increased intrathoracic pressure from the balloon, whereas
aspiration pneumonia occurs because of aspiration of
esophageal secretions. To prevent respiratory complications,
good pulmonary toilet is maintained. Balloon migration into
the esophagus or airway can result in possible asphyxia and
death. Esophageal perforation is a rare complication in
children and is considered a surgical emergency.
Sclerotherapy is the current primary treatment of acute
variceal bleeding in children. 109 The procedure is performed
under general anesthesia through a flexible fiberoptic
endoscope. A fine needle attached to a catheter is passed
through the biopsy channel of the endoscope. After identifying the varices, the endoscopist injects the sclerosing
agent into the varix or the surrounding tissue. The sclerosing
agent rapidly induces thrombosis and sclerosis of the vein,
and does minimal damage to the esophageal mucosa and
muscle.

A complication of sclerotherapy is hemorrhage. The
bleeding is often self-limiting, but it may be as severe as
the original episode. Some oozing is to be expected after the
procedure. Fever is a common complication, and alone is
rarely considered serious. A persistent fever may indicate a
bacteremia that is potentially lethal in the debilitated patient.
Intense pain may indicate an erosion or perforation of the
esophagus but, fortunately, is rarely seen.
The use of sucralfate after sclerotherapy for gastric
cytoprotection has become common practice. Sucralfate has
been demonstrated to be effective in the treatment of
esophagitis with minimal side effects, by acting locally to
form a protective barrier and increasing cytoprotection by
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Fig. 22-9 Types of portosystemic shunts. A, End-to-side portocaval (all portal flow is diverted to systemic circulation). B, Sideto-side portocaval (the major direction of portal flow is to the
systemic circulation, but the capacity for hepatic portal perfusion
is retained, depending on the resistance within the liver. C, Proximal splenorenal (the principal direction of portal flow is to the
systemic circulation: placing the shunt centrally minimizes the
angulation of the splenic vein). D, Distal splenorenal (major
direction of portal flow is to systemic circulation). E, Mesocaval
(vena cava is transected and proximal cava is anastomosed to side
of superior mesenteric vein. Major direction of visceral flow is
loward vena cava). F, Interposition mesocaval (hemodynamically
similar to mesocaval shunt. Autogenous vein graft is preferred for
creation of this shunt in infants and children. (From Karrer F, Lilly
JR, Hall RJ: Biliary tract disorders and portal hypertension. In KW
Ashcraft, TM Holder, eds: Pediatric surgery, ed 2, Philadelphia,
1993, WB Saunders.)
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stimulating prostaglandins and inactivating pepsin. 54 . IIO In
addition, an Hz blocker, such as ranitidine, is administered
to decrease gastric acid secretion.
Surgical options are considered if medical therapy is
ineffective. Shunting procedures divert the blood flow from
the liver and allow for decompression of the portal system.
Portacaval and splenorenal shunts are effective and control
hemorrhage from esophageal varices (Fig. 22-9). In children, mesocaval and central splenorenal shunts have been
successful even in very small infants. It was previously
believed that the vessels needed for successful anastomosis
and patent shunt were too small until a child was at least 7
years of age. It now seems that neither age nor size is a
limitation to a successful shunt. III
Liver transplantation is a consideration for children with
portal hypertension resulting from liver diseases known to
progress to liver failure and death. Liver transplantation is
discussed in Chapter 26.

ABDOMINAL WALL DEFECTS
Omphalocele and Gastroschisis
Omphalocele is a midline, umbilical defect of the ventral
abdominal wall in which the intestines herniate into a sac
consisting of peritoneum and amnion. Omphaloceles vary in
size and can be extremely large, containing the entire
midgut (distal duodenum, jejunum, ileum, ascending colon,
and first portion of the transverse colon), liver, and spleen.
The abdomen is, in this situation, small and scaphoid. If the
sac remains intact, the appearance of the bowel may be
fairly normal. Unfortunately in some cases the sac ruptures,
leaving the organs exposed to the amniotic fluid or to the
environment after birth.
Gastroschisis is an abdominal wall defect that usually
occurs to the right of a normal umbilical cord. There is no
sac covering the defect and the bowel usually appears thick,
foreshortened, hemorrhagic, and matted. The defect is
usually small and contains only the bowel. The clinical
differences between gastroschisis and omphalocele are
shown in Table 22-11.
Pathogenesis. The abdominal wall begins to develop
by the fourth week of intrauterine life and is formed from
cephalic, caudal, and lateral folds. Each of these folds is
composed of somatic and splanchnic layers. It is theorized
that if there is a failure of the normal embryonic folding and
fusing of the somatic layers of the lateral folds, the anterior
abdominal wall will not close completely. I 12
Omphalocele is thought to occur when the abdominal
wall does not form completely as the midgut elongates out
through the yolk sac, resulting in failure of the intestines to
return to the abdominal cavity. There are many theories
about the embryologic events resulting in gastroschisis, the
most plausible explanation is that of Shaw. 113 The developing embryo initially has both a left and right umbilical vein
as well as two arteries. By the eleventh week of gestation the
right umbilical vein has been obliterated, leaving a weakness at this site in the abdominal wall. It is theorized that this
weakness of the abdominal wall allows a rupture of the
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lateral umbilical ring with bowel protruding through the
defect, thus resulting in a gastroschisis.
Associated Abnormalities. Associated defects are
more common with omphalocele than with gastroschisis.
These can be divided into midline defects related to the
failure of closure of the embryologic folds, chromosomal
abnormalities, and other isolated abnormalities. Pentalogy
of Cantrell occurs with the defective cephalic fold. This
collection of defects includes intracardiac anomalies, ectopia cordis, sternal cleft, midline diaphragmatic hernia, and
upper abdominal omphalocele. Lower midline abnormalities are related to defects in the caudal embryonic fold.
These may include one or more of the following: cloacal
exstrophy (severe abdominal wall defect also exposing the
bladder), imperforate anus, colonic atresia, sacral vertebral
abnormalities, and meningomyelocele. Omphalocele has
been identified as a component of the Bechwith-Wiedemann
syndrome. Chromosomal abnormalities, including trisomy
13 through 15, 16 through 18, and 21, many of which are
incompatible with life, appear in approximately one third of
patients with omphalocele, and cardiac malformations are
present in up to 50%.114 The most common cardiac defect is
tetralogy of Fallot.
Clinical Presentation. Antenatal diagnosis of abdominal wall defects can usually be determined by ultrasound at approximately the fifteenth week of gestation. This
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'I!!i."appearance
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~Small abdominal

I~ cavity
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(Coexisting
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Clinical Differential
Gastroschisis

Omphalocele

Lateral 10 cord
Less than 4 cm
Normal insertion
None
Bowel, stomach

Umbilical ring
2-10 cm
Inserts in sac
Present
Bowel, liver,
spleen, bladder,
uterus, ovaries
Normal

Matted, foreshortened
Present
Present
Unusual (15%
atresia of
the gut)

Not observed

Present
Present
Common (37%67%) GI, genitourinary, CNS,
cardiovascular,
musculosk.eletal
Beekwith syndrome, cloaca,
trisomy 13-15,
trisomy 16-18,
exstrophy of the
bladder, pentalogy of Cantrell

Ifdodified from Grosfeld lL, Weber TR: Congenital abdominal wall
~l!efecls: gastroschisis and omphalocele. Curr Probl S/lrg 19; 165, 1982.
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prenatal determination assists the obstetrician to make a
decision regarding transfer of the mother to a tertiary care
setting. A cesarean section is usually indicated to prevent
rupture of the sac or damage to the exposed viscera. If the
defect has not been recognized before delivery, it is easily
seen at birth, and thus treatment begins quickly.
Critical Care Management. If a sac is present, care
is taken to prevent rupture. The defect is usually covered
with sterile gauze and wrapped in a figure-of-eight bandage
to prevent pressure on the exposed viscera. There are two
options for managing the exposed viscera. A saline-soaked
gauze pad covered with occlusive plastic dressing or a
bowel bag that covers the child's legs and abdomen, or dry
gauze soaked with saline before removal may be used.
These options prevent radiant heat loss that can occur with
saline-soaked gauze alone.
Respiratory assessment and stabilization are critical,
especially in the preterm infant in whom assisted ventilation
may be necessary. This is accomplished with endotracheal
intubation. Any mask or blow-by ventilation allows excess
air to enter the GI tract and should be avoided.
Gastric decompression is essential to empty the stomach
and prevent GI distension. Active decompression is accomplished with intermittent or continual suctioning, using a
large-bore NG or OG tube. Comfortable positioning also
calms the infant and prevents excessive crying and air
swallowing. The head of the crib is elevated when possible
to facilitate drainage.
Fluids are administered at twice maintenance requirement because of the fluid loss from the exposed bowel.
Antibiotics are administered and the child is prepared for the
operating room. As part of the preoperative workup,
assessment of associated anomalies is completed. Part of
this workup may be delayed until after surgery, but the
cardiac examination is completed before surgery, as well as
evaluation of any anomalies that may require emergency
surgical care.
Operative Management. Omphalocele and gastroschisis are repaired using one of two surgical approaches: a
primary closure or a staged repair. The primary closure
involves removing the sac from an intact omphalocele, and
opening the defect circumferentially. The bowel is examined
for areas of atresia or perforation. The abdominal wall is
stretched, and the viscera are carefully placed into the
abdominal cavity. Attempts to correct the malrotation are
not performed. The primary closure is successful if the
defect is small and the infant does not have other major
problems. With the primary closure, care is taken to avoid
compromise of respiratory status resulting from marked
elevation of the diaphragm, compression of the vena cava
resulting in impaired venous return, and impaired intestinal
blood supply. During the surgical procedure, when a
primary closure is being attempted, careful communication
with the anesthesiologist is essential to evaluate difficulty
with ventilation or perfusion. If either is significant, the
primary closure is aborted and a staged repair is done.
A staged repair is the procedure of choice for a large
defect, especially one in which the liver is involved. With
this technique, a single layer of Silastic material is sutured
to the abdominal wall around the defect and the viscera that

remains herniated. Over the next 7 to 10 days, the defect is
slowly reduced, usually on a daily basis by squeezing down
on the top of the Silastic silo, which pushes a small portion
of the contents of the defect into the abdominal cavity. 115.116
During this process, the infant is maintained on intravenous
antibiotics and the silo is bathed in an antibiotic solution.
When the defect is almost completely reduced, the infant
returns to the operating room for final closure. This process
of slowly reducing the defect needs to be completed within
I to 2 weeks or there is significant risk of wound infection.
Regardless of surgical technique, the length of hospitalization, parenteral nutrition requirements, and rate of complications are similar. 116
Postoperative Management. The goal ofpostoperative management includes maintaining a normothermic
environment; restoration of fluid and electrolyte balance;
provision of nutrition; and prevention of respiratory, circulatory, GI, and infectious complications. On return from the
operating room, the infant is placed in an isolette or warmer
bed to maintain normal temperature. Mechanical ventilation
may be necessary regardless of whether a primary or staged
repair is done. With primary closure, respiratory insufficiency is due to the significant pressure on the diaphragm
from the expanded abdominal cavity. Between staged
surgeries, the infant may have little need for ventilatory
support but may require mechanical ventilation immediately
after the reduction. Therefore the patient is often maintained
on low ventilatory settings until the defect is completely
closed.
The possibility of vascular compromise requires that the
lower extremities be assessed for color and capillary refill.
Pedal pulses are checked frequently. Elevating the infant's
legs may facilitate venous return. The infant will have third
space fluid loss, requiring twice-maintenance fluids and
the administration of albumin to prevent intravascular
hypovolemia.
Nutritional support is initially provided with TPN, but
within 4 to 6 weeks, even those infants with a staged repair
can begin elemental enteral feedings. The infant is observed
for signs of feeding intolerance, including increased gastric
residuals, abdominal girth, vomiting, and stool volume, and
presence of reducing substances in stool sample.
Survival of those with omphalocele is largely related to
the coexisting congenital anomalies, often necessitating
other surgeries. Infants with gastroschisis, however, have
increased incidence of residual bowel disease requiring
reoperation in 25% of cases. 1I6 In addition, an increased
incidence of GER has been observed in both gastroschisis
and omphalocele patients on follow_Up.117

HEPATIC FAILURE
Hepatic failure is the consequence of severe hepatocyte
injury or dysfunction resulting in multisystem complications, which include encephalopathy, cerebral edema, coagulopathy, renal failure, and hemodynamic instability. The
injury to the liver may be acute, resulting in fulminant injury
to the hepatocytes and rapid development of the clinical
signs of hepatic failure, without preexisting evidence of
liver disease. Fulminant hepatic failure (FHF) results in
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rapid clinical deterioration. In other instances, hepatic
failure is the result of chronic injury that has accumulated to
cause serious compromise of hepatic function and results in
end-stage disease. Regardless of the cause, the consequences and therapeutic modalities are the same. It is
important that the clinical course of hepatic failure and the
prognostic indicators be identified early to determine if
spontaneous hepatic regeneration and recovery are likely
with supportive therapies. Supportive therapies have been
shown to be unsuccessful in those patients with clinical
parameters suggesting progressive disease. Liver transplantation is the treatment of choice in these patients. 118.119

Etiology
Hepatic failure is rare in childhood. The causes of hepatic
dysfunction and failure in infants and children are divided
into two categories: fulminant failure and failure from
chronic liver disease. The incidence of anyone etiology of
liver failure is difficult to assess. One pediatric center
reported 81 children dying of hepatic failure between 1976
and 1983. 120 Biliary atresia accounted for 20 cases, metabolic disorders (tyrosinemia, cystic fibrosis, (XI-antitrypsin
deficiency, Wilson's disease, Zellweger syndrome) accounted for 22, and infectious causes were responsible for
15 cases. Cholestatic liver disease (Alagille's syndrome,
TPN-associated disease) accounted for 12. Miscellaneous
causes were cited for the remaining 5 cases.
The pediatric causes of liver disease are dependent on the
age of the child. 121 . 122 In the neonate, biliary atresia and
idiopathic hepatitis are the most common causes. In infants,
metabolic causes (galactosemia, glycogen storage disease,
tyrosinemia), except for Wilson's disease, occur more often.
In older children, especially adolescents, chemical or
acetaminophen intoxication, viral hepatitis, and Wilson's
disease are more typical.
Biliary Atresia. Biliary atresia is the result of a
progressive, idiopathic inflammatory process affecting the
intrahepatic and extrahepatic bile ducts. This inflammatory
process results in complete obliteration of the biliary tract.
Obstruction to bile flow causes cholestasis and progressive
fibrosis with eventual end-stage cirrhosis. Biliary atresia
occurs in approximately I in 15,000 live births. 123 It can
result in the development of end-stage liver disease within
the first year of life and remains the leading indication for
liver transplantation in children. 124 There are two forms of
biliary atresia. The fetal type occurs in 10% to 35% of
patients and is associated with congenital malformations
and anomalies. 123 In this type of biliary atresia, there is no
jaundice-free interval between the end of physiologic
jaundice of the newborn and the onset of cholestasis.
The more common type of biliary atresia presents at 4 to
8 weeks of life with persistent cholestasis and jaundice and
occurs in 65% to 90% of all cases. 123 These infants usually
have a normal birth history, passed normal meconium stools,
and had a jaundice-free interval.
Many etiologic agents have been explored. Biliary
atresia is not thought to be an inherited disorder, although
there are case reports of reoccurrences in families. 125. 126
The role of viral infections as an etiologic mechanism has
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been postulated. Preliminary studies have shown an association of biliary atresia and rotavirus but require further
investigation. 127
Infants with biliary atresia are generally full-term and
appear healthy despite being jaundiced. The gestational
history is unremarkable. Appetite and weight gain are
initially normal, but stools progressively become pale and
acholic (white, lacking bile pigment) during the first weeks
of life. The infant initially may have physiologic unconjugated jaundice progressing to a conjugated hyperbilirubinemia. This is generally recognized between 4 and 8 weeks of
age when the urine becomes dark and the stools acholic. The
total serum bilirubin is between 6 and 12 mg/dl, with
approximately 50% being conjugated. 128 Serum aminotransferases are mildly elevated, whereas ALP and GGT
are markedly elevated. Physical examination may reveal
hepatomegaly and, infrequently, splenomegaly.
No single test confirms the diagnosis of biliary atresia.
An abdominal ultrasound is performed to exclude other
causes of obstructive jaundice such as choledochal cyst. The
patency of the extrahepatic biliary system is demonstrated
by a nuclear scintiscan (HIDA scan). Evidence of radioactivity in the duodenum confirms a patent biliary system, thus
eliminating the possibility of biliary atresia. When there is
no evidence of excretion with the HillA scan, further
diagnostic evaluation is necessary in the form of a percutaneous liver biopsy. The histologic finding of intrahepatic
bile duct proliferation suggests a mechanical obstruction,
indicating the need for laparotomy and operative cholangiogram. If the extrahepatic system cannot be demonstrated by
cholangiogram, surgical intervention is necessary.
The most common surgical procedure performed to
establish biLe flow is the Kasai hepatoportoenterostomy
(Fig. 22-10). The residual biliary system is removed. The
surface of the Ii ver is dissected and an area through which
bile can drain is exposed. A limb of jejunum is made into

Liver

-->'1(---

Small intestine
inserted at
fibrous plate
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fJ~~~j:l~=-- Duodenum
Jejunum

Fig. 22-10 Schematic representation of a hepatic portoenterostomy (Kasai procedure) providing bile drainage in a case of
extrahepatic biliary atresia.
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a Roux-en-Y intestinal conduit to maintain the patency
of the intestine. Success of the procedure varies, depending on the age of the infant at the time of surgery and
the center performing the surgery, with one fourth to
one half of patients having inadequate drainage despite
the surgical intervention. lrnproved outcomes have been
shown when surgical intervention is performed before 2
months of age. 129
The two postoperative problems of consequence are
failure to establish bile flow and ascending cholangitis.
Ascending cholangitis is a frequent and severe complication
of a successful operation, occurring in 50% to 100% of
patients with established bile flow after a Kasai procedure. 129 Surgical and medical approaches have been attempted to decrease the incidence of ascending cholangitis.
Surgical modifications of the Kasai procedure have not had
great success. Medical approaches include choleretic agents
to improve bile flow, postoperative antibiotics, and longterm prophylactic oral antibiotics, all with limited success.
Long-term prognosis is guarded in infants with biliary
atresia. Establishment of bile flow and resolution of the
jaundice appears to be correlated with the best outcome.
Patients who remain jaundiced experience hepatic failure
between the ages of 2 and 10 years of age and require a liver
transplant. Those with established bile flow and resolution
of jaundice have a 90% chance of surviving past age 10
years. Survival to the third decade with a high quality of life
has been reported. 130.13 I
Arteriohepatic Dysplasia. Arteriohepatic dysplasia
(Alagille's syndrome or syndromatic bile duct paucity) is
characterized by a marked reduction of intrahepatic bile
ducts and chronic cholestasis. It occurs in association with
cardiac, vertebral, ocular, facial (frontal bossing, deep-set
eyes, beaked nose, and pointed chin are typical facies),
renal, and neurodevelopmental abnormalities. It is the most
common form of familial intrahepatic cholestasis, with a
wide variation in clinical symptoms in affected individuals. 132 The estimated incidence of Alagille's syndrome is I
in 40,000 births. 129 It is a genetic disorder inherited as an
autosomal-dominant trait, with the defective gene appearing
to be on chromosome 20. 133 However, the majority of
patients have no family history.
The number of interlobular bile ducts is often not
decreased on initial liver biopsy in infants with Alagille's
syndrome. 128 Over a variable period of months to years, the
intrahepatic ducts are lost and the condition becomes more
definable. Progressive liver disease develops in 10% to 20%
of patients with Alagille's disease. 129 There is no way of
predicting the progression of significant pathology. The
cause of the bile duct paucity is unknown. 129 It has been
suggested that an inability to secrete bile is related to the bile
duct loss in Alagille's disease. The relationship of the liver
disease to other systemic manifestations is unknown.
Structural lesions involving the heart, eyes, kidneys, skeletal
system. and genitalia are well described.
Alagille's syndrome generally presents in the first 3
months of life in the symptomatic patient. It is among the
more common causes for cholestasis and jaundice in the
newborn period and must be distinguished from biliary

atresia and choledochal cyst. Nonsymptomatic adults are
commonly undiagnosed until a related child with symptoms
is identified. Biochemically, infants with Alagille's syndrome have moderately to markedly elevated bilirubin, ALP,
GGT, and 5'-nucleotidase. There may also be mild to
moderate elevations in serum transaminases. These elevations may persist through childhood. Serum triglyceride and
cholesterol levels may be extremely elevated. Hepatomegaly is present in nearly all patients, whereas splenomegaly is
rare initially.
Jaundice is present in the majority of patients with
symptomatic disease. Pruritus is severe but rarely present
before 3 to 5 months of age. Xanthomas resulting from
cholestasis appear on the extensor surfaces of the fingers,
palmar creases, nape of the neck, buttocks, and inguinal
area. The formation of xanthomas is related to the severity
of the cholestasis and correlates with elevated serum
cholesterol levels. Diminished bile salt excretion results in
fat malabsorption and deficiency of fat-soluble vitamins,
which has profound systemic effects. Growth failure is
common with delayed pubertal development. Progression of
the disease to cirrhosis and hepatic failure was initially
believed to be an uncommon event that is now being
recognized more often.
Treatment goals include optimizing nutrition, preventing
or correcting of fat-soluble vitamin deficiencies, and relieving pruritus and xanthomas. Infants may require specialized
formulas with medium-chain triglycerides as the major fat
component for improved absorption. Some infants may
require continuous feeding to optimize caloric needs.
Vitamins A, D, E, and K supplementation is often required
secondary to fat-soluble vitamin malabsorption. Cholestyramine, a bile salt-binding resin, may be helpful in relieving
associated pruritus. Surgical intervention is not effective. A
small number of children progress to end-stage liver disease
and benefit from liver transplantation. 13I
a,-Antitrypsin Deficiency. ai-Antitrypsin deficiency is the most common metabolic disease in children
requiring liver transplantation. It is an autosomal-recessive
disorder, specifically the mutant ai-antitrypsin Z molecule.
This molecule is synthesized normally but is retained within
the endoplasmic reticulum of the hepatocyte. Although the
pathogenesis still remains unclear, it is theorized that the
accumulation of aI-antitrypsin in the endoplasmic reticulum
is directly related to the liver cell injury.134 The consequences include premature pulmonary emphysema and
chronic liver disease in infants and children. In the United
States, the prevalence has been described as I in 2000
individuals. It is more common among Caucasians of
Northern European ancestry.135
Infants with ai-antitrypsin deficiency generally present
in the first 2 months of life with persistent jaundice. The
serum transaminases are sHghtly elevated and the liver may
be enlarged. The liver disease may also be discovered later
in childhood or adolescence with hepatosplenomegaly,
ascites, or hemorrhage from esophageal varices. Many of
these children experience progressive liver dysfunction
requiring transplantation. The diagnosis is confirmed with a
low «70 mg/dl) serum a l concentration level and the
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Clinical Profile of Viral Hepatitis

Transmission

Fecal-oral, parenteral rare
Perinatal. sexual, parenteral
Parenteral, perinatal rare, sexual
infrequent
Parenteral, sexual, perinatal rare
Fecal-oral

Active
Immunization

Passive
Immunization

Chronicity

Incubation
Period

Yes
Yes
No

Yes
Yes
No

No
Common
Common

15-49 days
60-180 days
14-160 days

Indirect. against HBV
No

Indirect, against HEV
No

Common
No

21-42 days
21-63 days

;;1iiom Fishman LN, Jonas MM, Lavine JE: Update on viral hepatitis in children, Pediatr Clin North Am 43:58. 1996.
i::~;;

determination of the (XI-antitrypsin phenotype (piZZ).136
(X.-Antitrypsin is an acute phase protein synthesized in the
liver and will rise with tissue injury, inflammation, or
infection. Therefore children with (XI-antitrypsin deficiency
who suffer from pneumonia (for example) may have falsely
normal levels during the acute illness.
There is no specific therapy for liver disease associated
with (XI-antitrypsin deficiency. Children with progressive
liver failure have been treated with liver transplantation. 137
Wilson's Disease. Wilson's disease is an autosomalrecessive disorder of copper metabolism in which biliary
excretion of copper is inadequate and the excess accumulates in the liver, brain, kidneys, cornea, and skeletal system.
The disease has been recognized for approximately 60
years; however, the biochemical defect has yet to be
identified. Hepatic disease occurs when the copper overload
leads to the destruction of liver tissue. It occurs in I in
30,000 individuals. 136
The clinical symptoms of Wilson's disease rarely present
before the age of 6 years, more often in the second decade.
Hepatic dysfunction is the most common presentation in
children; however, the diagnosis is considered in older
children and adolescents with a neurologic abnormality.
Symptoms may be subtle initially and include malaise,
anorexia, and lethargy. Signs of progressive liver disease
such as jaundice, petechiae, hematemesis, and ascites may
also be present at diagnosis. Presentation with fulminant
hepatitis with progression to liver failure requiring transplantation does occur. Neurologic symptoms include gradual onset of clumsiness, dysarthria, drooling, tremors, loss
of fine motor skills, and psychologic disturbances. KayserFleischer rings, a greenish pigment encircling the cornea, (the result of copper deposits) is considered diagnostic
of Wilson's disease. Its absence, however, does not rule
it out.
The diagnosis of Wilson's disease may be difficult. The
majority of children with Wilson's disease have a low serum
level of the copper-binding protein ceruloplasmin, implying
a homozygosity (disease state) or heterozygosity (carrier
state). Urinary copper excretion is usually elevated. An
ophthalmologic examination for Kayser-Fleischer rings is
necessary. A liver biopsy may be necessary to determine the
amount of copper in the liver. Asymptomatic siblings should
also be screened for Wilson's disease. Treatment of Wilson's
disease is aimed at improving the excretion of copper

through chelation with penicillamine and decreasing dietary
intake of copper-containing foods.
Infection. Fulminant hepatic failure (FHF) is the
syndrome of acute liver failure complicated by the development of hepatic encephalopathy within 8 weeks of the
initial symptoms of liver disease without a history of
previous or underlying liver dysfunction. I18.138 Early recognition is essential because a delay in diagnosis and
treatment can often lead to a grave prognosis.
Viral hepatitis is the most common infectious cause of
FHF. 138 •139 Each of the five primary hepatotropic (affecting
the liver) viruses (A through E) has been implicated in acute
liver failure. Other agents (F, G), not yet identified, can also
be responsible for clinically evident hepatitis. 140 Table
22-12 highlights the clinical profile of the viral hepatitis
agents.
Hepatitis A virus (HAV) is a self-limited enteric infection
and rarely leads to hepatic failure in children.118.138 However, there are reports of HAV causing fulminant disease in
intravenous drug users and the elderly. I18 HAV infection is
diagnosed by the presence of anti-HAY IgM antibodies in
the serum. The presence of anti-HAY IgG antibodies in the
serum without anti-HAY IgM reflects immunity or past
resolved infection.
Hepatitis B virus (HBY) is the most common form of
hepatitis causing FHF worldwide. 139 HBY has been reported to cause FHF in infants vertically infected from their
mothers and in older children from blood transfusions. 141
Fortunately, the number of reported cases is decreasing in
the United States, which is most likely the result of a
heightened awareness of associated risk factors and vaccination of high-risk groups. 138, 142 The diagnosis of HBV
infection is made by the presence of hepatitis B surface
antigen (HBsAg) and hepatitis B core antibody IgM
(anti-HBc IgM) in the serum. IgM antibody to hepatitis B
core antigen must be present to differentiate between acute
and chronic infection.
Hepatitis C virus (HCY), also known as non-A non-B
hepatitis, has recently been implicated as a causative agent
in FHF, although this presentation is rare. 143 The diagnosis
is made by the presence of antibody to multiple HCV
antigens (anti-HCV) in the serum.
Hepatitis 0 virus (HOV), or delta agent, requires the
presence of coexisting HBY infection for its replication.
Superinfection with HOY can lead to FHEl.19 The diagnosis
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of HDV infection is made by the presence of antibody to
HDV (anti-HDV) in the serum.
Hepatitis E virus (HEV) is a self-limited enterically
transmitted infection that rarely causes FHF. 139 The diagnosis is made by the presence of antibody to HEV
(anti-HEV) in the serum.
Other viral agents that may cause FHF include Herpes
simplex virus (HSV), Epstein-Barr virus (EBV), and Cytomegalovirus (CMV) but are more frequently seen in
neonates or immunocompromised patients. HSV infection
may be acquired at anyone of three times: in utero,
intrapartum, or postnatally. Neonates commonly exhibit
disseminated disease in the first week of life with signs of
multiple organ involvement. Clinical findings include irritability, seizures, respiratory distress, jaundice, coagulopathy, and shock. Viral recovery in the blood, cerebrospinal
fluid, and bodily secretions may be difficult. Antiviral
treatment is often administered based on clinical presentation, EEG, and MRI findings.
EBV is the principal cause of infectious mononucleosis
but is also responsible for significant disease in immunocompromised children. 144 Clinical findings typically include exudative pharyngitis, lymphadenopathy, hepatosplenomegaly, atypical lymphocytosis on complete blood
count, and elevated serum transaminases. The diagnosis is
confirmed by the detection of EBV-specific antibodies in the
serum.
CMV infections occur primarily in newborns and immunocompromised patients. The newborn presents with hepatosplenomegaly, jaundice, and less frequently purpura. The
immunocompromised child typically contacts the virus after
an organ transplant. The source of infection may be from the
grafted organ, transfused blood products, or reactivation of
a latent infection. Diagnosis is made with the CMV
antigenemia serum test.
Less frequent viral agents that may cause FHF include
adenovirus, enterovirus, parvovirus, and varicella-zoster
virus. Immune deficiency is suspected when these viruses
cause severe hepatic failure. Diagnoses are made by specific
serologic or histologic analysis or by culture of blood, urine,
stool, or liver tissue.
Drug-Induced Hepatic Failure. In children, druginduced liver injury represents 15% to 20% of cases of
FHF. 145 Drugs most commonly linked with hepatic failure
are acetaminophen, anticonvulsants (phenytoin, valproate),
halothane anesthesia, and isoniazid (IN H). 146 Hepatitis may
be caused by a direct injury or idiosyncratic process.
Acetaminophen ingestion is an example of an agent that
causes direct injury and can occur when taken in large single
doses (exceeding 140 mg/kg). Agents that cause an idiosyncratic reaction (i.e., phenytoin, valproic acid, halothane)
are thought to be the result of an immune-mediated
hypersensitivity response and/or a reaction to the metabolites of the ingested agent. 146

Consequences of Hepatic Failure
In children with hepatic disease, ongoing damage results in
decreased function, which includes the metabolic and

detoxification processes of the liver. The Kupffer cells'
phagocytic process is significantly diminished with hepatic failure, resulting in decreased filtration of blood and
placing the child at increased risk for infections. Decreased
bile salt synthesis results in fat malabsorption. In children, fat accounts for a large percentage of calories
consumed. Malnutrition and malabsorption of fat-soluble
vitamins A, D, E, and K result. Vitamin A stores are long
lasting, approximately to 2 years; thus a deficiency must
be long-standing before ill effects are noted. Failure to
absorb vitamin D results in demineralization of the bone
leading to osteomalacia, rickets, and pathologic fractures. Vitamin E malabsorption has neurologic consequences, such as peripheral neuropathies and diminished
deep tendon reflexes. Vitamin K deficiencies result in
coagulopathies, which are discussed later in this section.
Excessive accumulation of bile salts resulting from decreased extraction through the Ii vel' results in their deposition in the skin, causing intractable pruritus. Cholestasis
(biliary obstruction) causes direct hyperbilirubinemia and
jaundice.
The liver is crucial in the process of carbohydrate
metabolism. Initially, serum glucose levels are elevated, but
glycogen stores are decreased. If the liver is unable to
store glycogen or generate new glucose, the kidneys assume
the process of gluconeogenesis. As the hepatic failure progresses, hypoglycemia becomes a problem.
Protein metabolism is altered in hepatic failure. Altered
albumin synthesis results in low serum albumin levels.
Without adequate levels, the body is unable to maintain
oncotic pressure. Consequently, fluid leaks from the blood
vessels into the abdominal cavity and tissues, resulting in
ascites and edema.
The liver's ability to manufacture clotting factors is
impaired. Vitamin K absorption is influenced by the
decreased synthesis of bile salts resulting in a decreased production of vitamin K-dependent clotting factors
II, VII, IX, and X. Alterations in hemostasis are evidenced by prolonged prothrombin time, easy bruising, and
bleeding.
A failing liver is also unable to remove activated clotting
factors from the circulating serum. Hepatic necrosis causes
an inflammatory response, thus activating clotting factors.
Once acti vated, clotting factors circulate in the plasma, form
microthrombi, and consume platelets and fibrinogen. Disseminated intravascular coagulation (DIC) results when
fibrinolysis occurs and the liver is unable to synthesize
clotting factors.
The liver's inability to detoxify hormones, drugs, and
other harmful compounds results in a variety of clinical
manifestations. Continued circulation of aldosterone and
ADH contributes to the development of ascites and hepatorenal syndrome. Hepatorenal syndrome is a progressive
renal failure directly related to liver disease. The mechanism
causing the renal failure is unknown. The use of medications
metabolized by the liver is avoided. In addition, with
evidence of renal dysfunction, medications excreted by
the kidneys are adjusted based on calculated creatinine
clearance.
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Complications of Hepatic Failure
Hepatic Encephalopathy.

Hepatic encephalopathy
is the change in mental status that accompanies hepatic
failure. The encephalopathic agent responsible for these
changes has not yet been identified. Generally it is assumed
to be due to hyperamrnonemia; however, some patients with
obvious hepatic encephalopathy have normal serum ammonia levels. The appearance of hepatic encephalopathy is
variable. It depends on the extent of the liver damage, speed
of injury, degree of portal-systemic shunting, and contributing factors. The child with FHF may progress to coma and
unresponsiveness very rapidly, over several days, whereas
the child with chronic liver disease may have intermittent
alterations in mental status becoming more severe over time.
Some children with chronic liver disease do well until a
major insult occurs, such as a variceal hemorrhage, or until
an infection precipitates the onset of encephalopathic
changes.
Hepatic encephalopathy is traditionally divided into five
stages, which are outlined in Table 22-13. Passage through
the stages may be rapid. It is important to monitor the
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progression so that therapeutic support can be escalated. In
cases of chronic liver dysfunction, the deterioration may be
subtle. Changes in behavior, school performance, and
handwriting are the most commonly noticed symptoms.
Four hypotheses postulate the pathophysiology of hepatic encephalopathy. No single hypothesis completely
explains the process. 122 The ammonia hypothesis suggests
that ammonia accumulation in the brain results in encephalopathic changes. The synergistic neurotoxins hypothesis
suggests that encephalopathy and coma are a result of
accumulating toxins with synergistic effects augmented by
other metabolic abnormalities. An excessive production of
the brain inhibitory neurotransmitter, serotonin, and the
false neurotransmitter, octopamine, accompanied by a
deficient synthesis of excitatory neurotransmitters, norepinephrine and dopamine, result in encephalopathy and coma
and are the basis of the false neurotransmitter hypothesis.
The final hypothesis is the activation of the gammaaminobutyric acid (GABA)-benzodiazepine inhibitory neurotransmitteJ: GABA, the principal inhibitory neurotransmitter of the brain, is normal1y degraded in the liver;

22-13 Clinical Staging ofHepatic Encephalopathy
Stage I

Stage II

Stage III

Stage IV

Stage V

Alert, oriented,
slow mentation

Lethargic, confused, agitated

Slupor, arousal to

Unarousable

Unarousable

Restless, irritable,
short attention
span. disordered
sleep

Combative, sullen,
euphoric

Sleeps most of
time, marked
confusion

None

None

Incoordination,
tremor, poor
handwriting

Yawning, sucking,
grimacing. intention tremor
present, blinking

Decreased, marked
intention tremor

Absent

one

~{Asterixis

Absent

Present

Present (if cooperales)

Absent

Absent

[{Muscle tone

Nonna(

Increased

Increased

Increased

Flaccid

~~eftexes

Normal

Hyper-reflexic

Hyper-reflexic
extensor plantars

Hyper-reflexic
extensor plantars

Absent

Regular or hyperventilation

Hyperventilation

Hyperventilation

Irregular

Apnea

itt'
[~~Yerbal response

Nonnal

Confused, dysarthric

Incoherent

None

None

Obeys commands

Purposeful movements, may not
respond to commands

Localized appropriately to pain

Abnormal flexor,
abnonnal extensor posturing

None

Brisk

Brisk

Sluggish

Fixed

~:'Mental status
?f,~'-.

~~fcc'

gdkhavior
eli'

fE-

~~~
me
t~

~fSpontaneous

~,
~.

motor

activity

~ffu;.

I!i.'.;
~lt

.

ri;;
I,'

.!Y'!

i:··
..
iii"ResplralJons
!lib'

t!l,)~

tt

~!Motor response

~~,

If
r;.~'

~lPupils
g!
"'1<
.
~;,-,ye opemng

voice

Spontaneous

Brisk
Verbal stimuli

Verbal stimuli

Noxious stimuli

None

s"

~:Oculocephalic

Nomlal

Nonnal

Normal

Partial dysconjugate

Absent

Ipculovestibular

Nonnal

Normal

Nonnal

Partial dysconjugale

Absent

~:From

Treem WR: Hepatic failure. [n Walker WA
i:n.c. Decker.
Reprinted by pennission of Mosby.

el

al. eds: Pediatric ga,'itrointe.'ltinal diseases: pathophysiology, diagnosis, manageme1l1. Toronto. 1991.
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however, during liver failure this process fails to occur,
resulting in increased circulation of receptors.
Hepatic encephalopathy occurs as liver destruction
progresses. The blood flow from the intestine is shunted
around the liver completely, bypassing viable hepatocytes.
Consequently, the filtration process of the liver does not
occur. It is also believed that alterations in the function of
the blood-brain barrier contribute to the development of
hepatic encephalopathy. The blood-brain barrier is essential
in preventing toxic substances in the systemic circulation
from entering the brain.
Cerebral Edema. Cerebral edema is the major cause
of mortality in patients with FHF, unlike chronic liver
disease. The rapid increase in the water content of the brain
in acute liver failure occurs from an alteration in the
blood-brain permeability. Cerebral edema raises intracranial
pressure (ICP) and can result in cerebral ischemia if not
recognized and treated promptly. Therefore ICP monitoring
is performed in some PICUs when patients reach stage III
encephalopathy.
Impaired Coagulation. The liver is the site of
synthesis for most of the coagulation factors (II, V, VII, IX,
X), fibrinolytic agents, and inhibitors of coagulation. With
the onset of hepatic failure, there are significant alterations
in the coagulation process. Prothrombin time is often
prolonged and is unresponsive to vitamin K. Coagulation
factors are reduced; however, factor V, which is vitamin K
independent, may be the most sensitive single indicator of
outcome of FHF. 147 Factor V has a half-life of 12 to 24
hours; therefore a rapid decrease in this level reflects
impaired synthesis resulting from rapidly developing hepatocellular injury. Fibrinogen levels are also reduced because
of decreased synthesis and increased consumption. Thrombocytopenia is present, commonly less than 100,000 per
cubic millimeter. Thrombocytopenia may be the result of
platelet sequestration as a consequence of hypersplenism, or
platelet-associated antibodies as seen in chronic active
hepatitis, or DIC. With these coagulation abnormalities,
patients with hepatic failure are at an increased risk for
major hemorrhage, most commonly originating in the GI
tract or the brain, potentially resulting in death.
Hepatorenal Syndrome. Oliguria is common in
both acute and chronic liver failure. Hepatorenal syndrome
is defined as unexplained progressive renal dysfunction
without obvious histologic lesions. It is characterized by
significant sodium retention without urinary sodium. Urinary sediment is present but without protein, cells, or casts,
and the oliguria is unresponsive to intravascular volume
expansion. Hepatorenal syndrome accounts for the majority
of renal impairment in FHF and is often associated with a
fatal outcome. 148

Critical Care Management
The management of FHF is largely supportive therapy that
requires a multisystem approach. Therapeutic mea~ures are
used to treat the complications of hepatic failure, including
those outlined above plus metabolic derangements, hemodynamic instability, and respiratory dysfunction.

The laboratory evaluation of FHF is extremely broad and
includes diagnostic tests to determine cause, assess liver
function, and to assess function of other organs. The nurse
plays a vital role in monitoring these laboratory values and
performing serial assessments. Neurologic assessment is
extremely vital for the detection of worsening encephalopathy and increased ICP and is initially performed every hour.
The patient will also require emergent invasive hemodynamic monitoring and therapeutic measures. Frequently,
these patients require intubation and mechanical ventilation
to protect their airway. Routine care includes placement of
a Foley catheter, strict intake and output, and appropriate
isolation techniques if infectious etiology is suspected.
The patient is made NPO, and an NG tube is placed with
evidence of GI bleeding or in the patient with stage III or IV
encephalopathy. An Hz blocker, such as ranitidine, is
administered to prevent stress ulcers. The dose is adjusted
based on evidence of renal dysfunction. An antacid is also
administered with pH lower than 4.0. TPN is initiated when
the patient is hemodynamically stable. However, the solution should contain a low amino acid concentration and trace
minerals must be held because of the accumulation of
copper and manganese in liver failure.
Deficits in intravascular volume are corrected and then
total fluids are restricted. Overhydration is avoided because
it may precipitate cerebral edema, ascites, and pulmonary
edema. However, intravascular dehydration may cause
hepatorenal syndrome, worsening encephalopathy, and hypotension. Therefore fluid management is best guided with
central venous pressure trends. Dialysis or hemofiltration
is indicated with severe renal insufficiency as evidenced
by oliguria, elevated creatinine level, severe metabolic
acidosis, hyperkalemia, hyperphosphatemia, and volume
overload.
Respiratory distress and/or failure are associated with
encephalopathy, and hepatorenal syndrome as evidenced by
hypoxemia and respiratory acidosis. The child requires
intubation for airway protection when stage III encephalopathy is reached. Hypoxemia may be exacerbated by the
development of pulmonary edema and treatment includes
increased positive end expiratory pressure.
Thrombocytopenia is treated when the platelet count
drops to less than 50,000 per cubic millimeter with I unitilO
kg. Fresh frozen plasma transfusion is given for evidence of
active bleeding. The hematocrit is maintained at 30% or
greater with 15 mI/kg packed RBC transfusions. Cryoprecipitate infusion is given for fibrinogen levels less than
100 mg/dI. Vitamin K (up to 10 mg intravenously) is
administered for 3 days to correct a prolonged prothrombin
time (PT).
Hypoglycemia is common and may cause an altered level
of consciousness. Hypoglycemia in the failing liver is the
result of defective gluconeogenesis and increased peripheral
insulin levels. Blood glucose is monitored closely and
replaced with intravenous dextrose when levels are less than
60 mg/dl.
ICP monitoring may be warranted for patients with
evidence of cerebral edema and increased ICP. However,
emergent treatment includes intubation and hyperventilation

Chapter 22
(if not already performed) and mannitol to induce an

osmotic diuresis. Hypotension is aggressively treated in
order to ensure adequate cerebral perfusion pressure.
Treatment of encephalopathy also includes the administration of Lactulose. Lactulose is used to reduce ammonia
levels and is administered by an NG tube at a dose of 0.5
mJJkg/dose up to 30 ml/dose every 6 hours. The dose is
adjusted to produce two to four loose stools per day. Strict
intake and output are required to avoid dehydration.
Benzodiazepines and opiates are used judiciously because of the concern of the role of GABA-benzodiazepine
receptor association with hepatic encephalopathy and the
potential for drug accumulation secondary to decreased drug
metabolism. The patient who requires sedation or analgesia
is gi ven small doses, which are titrated to effect. Continuous
infusions are contraindicated.
Patients with acute liver failure are at increased risk for
bacterial and fungal infections. Meticulous care of all
indwelling catheters and assessing frequently for signs and
symptoms of infection are crucial. Surveillance cultures and
aggressive treatment of presumed infection are essential.
Various liver-assist therapies have been introduced as an
alternative to the shortage of available donors for transplantation. Such therapies include plasmapheresis, hemodilu-
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tion, extracorporeal liver perfusion, and bioartificial liver.
These assist devices have been used to provide a bridge to
transplantation in case of irreversible damage or to gain time
for regeneration of the hepatocytes. Temporary clinical
improvement has been seen; however, further research is
needed to achieve successful long-term outcomes.149.J50
The appropriateness of orthotopic liver transplantation
(OLT) is an important aspect of care for the patient with
FHF. Survival rates for OLT approach 60% to 70% with
transplantation. However, 25% of patients listed die before
an organ becomes available. t50 This supports the urgency to
list patients while in stage II or III encephalopathy. Outcome
is dependent on prompt aggressive treatment of complications and early assessment for potential transplantation.

SUMMARY
GI problems in infants and children are extremely varied
and can be complicated and severe. Although the pathology
varies greatly, the nursing care and assessment follow
common pathways. GI nursing assessment, gastric decompression, intravascular volume replacement and maintenance, and pharmacologic management are of critical
importance to the survival of these infants and children.
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