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I. INTRODUCTION

Neonatal Physiologic Characteristics

Water metabolism. Water represents 70 to 80 % of the body weight of the normal neonate and premature baby respectively. Total body water (TBW) varies inversely with fat content, and prematures have less fat deposits. TBW is distributed into extracellular fluid (ECF) and intracellular fluid (ICF) compartment. The ECF compartment is one-third the TBW with sodium as principal cation, and chloride and bicarbonate as anions. The ICF compartment is two-third the TBW with potassium the principal cation. The Newborn's metabolic rate is high and extra energy is needed for maintenance of body temperature and growth. A change in body water occurs upon entrance of the fetus to his new extrauterine existence. There is a gradual decrease in body water and the extracellular fluid compartment with a concomitant increase in the intracellular fluid compartment. This shift is interrupted with a premature birth. The newborn's body surface area is relatively much greater than the adults and heat loss is a major factor. Insensible water loss are from the lung (1/3) and skin (2/3). Transepithelial (skin) water is the major component and decreases with increase in post-natal age. Insensible water loss is affected by gestational age, body temperature (radiant warmers), and phototherapy. Neonatal renal function is generally adequate to meet the needs of the normal full-term infant but may be limited during periods of stress. Renal characteristics of newborns are a low glomerular filtration rate and concentration ability (limited urea in medullary interticium) which makes them less tolerant to dehydration. The neonate is metabolically active and production of solute to excrete in the urine is high. The kidney in the newborn can only concentrate to about 400 mOsm/L initially (500-600 mOsm/L the full-term compared to 1200 mOsm/L for an adult), and therefore requires 2-4 cc/kg/hr urine production to clear the renal solute load. The older child needs about 1-2 cc/kg/hr and the adult 0.5-1 cc/kg/hr.

Fluid and Electrolytes Concepts. Cellular energy mediated active transport of electrolytes along membranes is the most important mechanism of achieving and maintaining normal volume and composition of fluid compartments. Infants can retain sodium but cannot excrete excessive sodium. Electrolytes requirements of the full-term neonate are: Sodium 2-3 meq/kg/day, potassium 1-2 meq/kg/day, chloride 3-5 meq/kg/day at a rate of fluid of 100 cc/kg/24 hrs for the first 10 kg of weight. As a rule of thumb, the daily fluid requirements can be approximated too:
prematures 120-150 cc/kg/24 hrs

neonates (term) 100 cc/kg/24 hrs

Infants 10 kg 1000 cc + 50 cc/kg/24 hrs.

Special need of preterm babies fluid therapy are: conservative approach, consider body weight changes, sodium balance and ECF tonicity. They are susceptible to both sodium loss and sodium and volume overloading. High intravenous therapy can lead to patent PDA, bronchopulmonary dysplasia, enterocolitis and intraventricular hemorrhage. Impaired ability to excrete a sodium load that can be amplify with surgical stress (progressive renal retention of sodium). Estimations of daily fluid requirements should take into consideration:
(1) urinary water losses,

(2) gastrointestinal losses,

(3) insensible water losses, and

(4) surgical losses (drains).

Blood Volumes estimates of help during surgical blood loss are:

premature 85-100 cc/kg,

term 85 cc/kg,

and infant 70-80 cc/kg.

The degree of dehydration can be measured by clinical parameters such as: body weight, tissue turgor, state of peripheral circulation, depression of fontanelle, dryness of the mouth and urine output. Intravenous nutrition is one of the major advances in neonatal surgery and will be required when it is obvious that the period of starvation will go beyond five days. Oral feeding is the best method and breast is best source. Newborn infants requires 100-200 calories/kg/day for normal growth. This is increased during stress, cold, infection, surgery and trauma. Minimum daily requirement are 2-3 gm/kg of protein, 10-15 gm/kg of carbohydrate and small amount of essential fatty acids.

Variations in Individual Newborns

Types of Newborns Infants
a) The full-term, full-size infant with a gestational age of 38 weeks and a body weight greater than 2500 grams (TAGA) – they received adequate intrauterine nutrition, passed all fetal tasks and their physiologic functions are predictable.

b) The preterm infant with a gestational age below 38 weeks and a birth weight appropriate for that age (PreTAGA);

c) The small-for-gestational-age infant (SGA) with a gestational age over 38 weeks and a body weight below 2500 grams – has suffered growth retardation in utero.

d) A combination of (b) and (c), i.e., the preterm infant who is also small for gestational age.

The characteristic that most significantly affects the survival of the preterm infant is the immature state of the respiratory system. Between 27 and 28 weeks of gestation (900-1000 grams), anatomic lung development has progressed to the extent that extrauterine survival is possible. It is only after 30 to 32 weeks of gestation that true alveoli are present. Once there is adequate lung tissue, the critical factor that decides extrauterine adaptation and survival of the preterm infant is his capabilities to produce the phospholipid-rich material, surfactant that lines the respiratory epithelium.

Metabolic and Host Defenses. Handling of the breakdown products of hemoglobin is also a difficult task for the premature infant. The ability of the immature liver to conjugate bilirubin is reduced, the life span of the red blood cell is short, and the bilirubin load presented to the circulation via the enterohepatic route is increased. "Physiologic" jaundice is, therefore, higher in the preterm infant and persists for a longer period. Unfortunately, the immature brain has an increased susceptibility to the neurotoxic effects of high levels of unconjugated bilirubin, and kernicterus can develop in the preterm baby at a relatively low level of bilirubin. Other problems affecting the baby include the rapid development of hypoglycemia (35 mg%), hypocalcemia and hypothermia. Newborns have a poorly developed gluconeogenesis system, and depends on glycolysis from liver glycogen stores (depleted 2-3 hrs after birth) and enteral nutrition. Immature infants can develop hyperglycemia from reduced insulin response to glucose causing intraventricular hemorrhage and glycosuria. The preterm and surgical neonate is more prone to hypocalcemia due to reduced stores, renal immaturity, and relative hypoparathyroidism (high fetal calcium levels). Symptoms are jitteriness and seizures with increase muscle tone. Calcium maintenance is 50 mg/kg/day. Human beings are homeothermic organisms because of thermoregulation. This equilibrium is maintained by a delicate balance between heat produced and heal lost. Heat production mechanisms are: voluntary muscle activity increasing metabolic demands, involuntary muscle activity (shivering) and non-shivering (metabolizing brown fat). Heat loss occurs from heat flow from center of the body to the surface and from the surface to the environment by evaporation, conduction, convection and radiation. There is an association between hypothermia and mortality in the NICU's. The surgical neonate is prone to hypothermia. Infant produce heat by increasing metabolic activity and using brown fat. Below the 35°C the newborn experiences lassitude, depressed respiration, bradycardia, metabolic acidosis, hypoglycemia, hyperkalemia, elevated BUN and oliguria (neonatal cold injury syndrome). Factors that precipitate further these problems are: prematurity, prolonged surgery, and eviscerated bowel (gastroschisis). Practical considerations to maintain temperature control are the use of humidified and heated inhalant gases during anesthesia, and during all NICU procedures use radiant heater with skin thermistor-activated servo-control mechanism. The newborn's host defenses against infection are generally sufficient to meet the challenge of most moderate bacterial insults, but may not be able to meet a major insult. Total complement activity is 50 % of adults levels. C3, C4, C5 complex, factor B, and properdin concentration are also low in comparison to the adult. IgM, since it does not pass the placenta, is absent.

Surgical Response of Newborns. The endocrine and metabolic response to surgical stress in newborns (NB) is characterized by catabolic metabolism. An initial elevation in cathecolamines, cortisol and endorphins upon stimulation by noxious stimuli occurs; a defense mechanism of the organism to mobilize stored energy reserves, form new ones and start cellular catabolism. Cortisol circadian responsiveness during the first week of life is diminished, due to inmaturation of the adrenal gland. Cortisol is responsible for protein breakdown, release of gluconeogenic aminoacids from muscle, and fat lipolysis with release of fatty acids. Glucagon secretion is increased. Plasma insulin increase is a reflex to the hyperglycemic effect, although a resistance to its anabolic function is present. During surgical stress NB release glucose, fatty acids, ketone bodies, and amino acids; necessary to meet body energy needs in time of increase metabolic demands. Early postoperative parenteral nutrition can result in significant rate of weight gain due to solid tissue and water accumulation. Factors correlating with a prolonged catabolic response during surgery are: the degree of neuroendocrinological maturation, duration of operation, amount of blood loss, type of surgical procedure, extent of surgical trauma, and associated conditions (hypothermia, prematurity, etc.). They could be detrimental due to the NB limited reserves of nutrients, the high metabolic demands impose by growth, organ maturation and adaptation after birth. Anesthetics such as halothane and fentanyl can suppress such response in NB.

II. NECK LESIONS

Cervical Lymphadenopathy

An enlarged lymph node is the most common neck mass in children. Most are anterior to the sternocleidomastoid muscle. Infection is the usual cause of enlargement; viral etiology and persist for months. Acute suppurative submandibular adenitis occur in early childhood (6 mo-3 yrs), is preceded by pharyngitis or URI, the child develops erythema, swelling and cellulitis, and management is antibiotics and drainage. Chronic adenitis: persistent node (> 3 wk., tonsillar), solitary, non-tender, mobile and soft. Generally no tx if < 1 cm, for nodes above 2 cm sizes with rapid growth, clustered, hard or matted do biopsy. Other causes are: 

(1) Mycobacterial adenitis-atypical (MAIS complex), swollen, non-tender, nor-inflamed, positive skin test, excision is curative, chemotx is of no value. 

(2) Cat-Scratch adenitis-caused by A. Fellis, transmitted by kittens, positive complement fixation test, minimally tender, fluctuant regional nodes, spontaneous resolution. 

(3) Hodgkin's disease mostly teenager and young adults, continuing growth, non-tender node, associated to weight loss, biopsy is diagnostic.

Congenital Torticollis

Congenital muscular torticollis is a disorder characterize by shortening of the cervical muscles, most commonly the sternocleidomastoid (SCM) muscle, and tilting of the head to the opposite side. This is the result of endomysial fibrosis of the SCM muscle. There is a relationship between birth position and the side affected by the contracture. Congenital torticollis causes: plagiocephaly (a craniofacial deformity), fascial asymmetry (hemihypoplasia), scoliosis and atrophy of the ipsilateral trapezius muscle if not corrected. Torticollis can develop at any age, although is more common during the first six months of life. The SCM muscle can be a fibrous mass, or a palpable tumor 1-3 cm in diameter within the substance of the muscle is identified by two to three weeks of age. Management is conservative in most cases using early physiotherapy exercises' a mean duration of three months to achieve full passive neck range of motion. The severity of restriction of motion is the strongest predictor of treatment duration. Those children with failed medical therapy or the development of fascial hemihypoplasia should undergo surgical transection of the SCM muscle.

Thyroglossal Duct Cysts

Thyroglossal duct cyst (TDC) is the most common congenital anterior midline neck mass usually (2/3 of cases) presenting before the second decade of life. Symptoms appear at an average age of four with the sudden appearance of a cystic mass at the angle of neck level moving with tongue protrusion and swallowing. Males are more commonly affected than females. TDC is an embryologic anomaly arising from epithelial remnant left after descent of the developing thyroid from the foramen cecum. The lining is cuboidal, columnar or pseudostratified epithelium. TDC is associated to discomfort, infection and a slight probability of malignancy. A legally protective requirement is to document that the mass is not ectopic thyroid gland. Diagnosis is physical. Sonograms will show a cyst between 0.4 and 4 cm in diameter, with variable sonographic appearance and no correlation with pathological findings of infection or inflammation. Once infected surgical excision is more difficult and recurrence will increase. Management is Sistrunk's operation: Excision of cyst with resection of duct along with the central portion of hyoid bone (a minimum of 10-15 mm of hyoid bone should be removed) and some muscle surrounding the proximal ductules (the length of single duct above the hyoid bone spreads into many ductuli as it approach the foramen cecum). Extensive dissection can cause pharyngodynia. The greatest opportunity for cure is surgery at initial non-inflamed presentation. Inadequate excision is a risk factor for further recurrence.

Branchial Cleft Fistulas

Branchial cleft fistulas (BCF) originate from the 1st to 3rd branchial apparatus during embryogenesis of the head and neck. Anomalies of the 2nd branchial cleft are by far the most commonly found. They can be a cyst, a sinus tract or fistulas. Fistulas (or sinus tract if they end blindly) display themselves as small cutaneous opening along the anterior lower third border of the sternocleidomastoid muscle, communicates proximally with the tonsillar fossae, and can drain saliva or a mucoid secretion. Management consists of excision since inefficient drainage may lead to infection. I have found that dissection along the tract (up to the tonsillar fossa!) can be safely and easily accomplished after probing the tract with a small guide wire in-place. This will prevent injury to nerves, vessels and accomplish a pleasantly smaller scar. Occasionally a second stepladder incision in the neck will be required. 1st BCF are uncommon, located at the angle of the mandible, and communicating with the external auditory canal. They have a close association with the fascial nerve. 3rd BCF are very rare, run into the piriform sinus and may be a cause of acute thyroiditis or recurrent neck infections.

Cystic Hygroma

Cystic hygroma (CH) is an uncommon congenital lesion of the lymphatic system appearing as a multilocular fluid filled cavity most commonly in the back neck region, occasionally associated with extensive involvement of airway or vital structures. The etiology is intrauterine failure of lymphatics to communicate with the venous system. Prenatal diagnosis can be done during the first trimester of pregnancy as a huge neck tumor. Differential diagnosis includes teratomas, encephalocele, hemangiomas, etc. There is a strong correlation between prenatal dx and Turner's syndrome (> 50 %), structural defects (Noonan's syndrome) and chromosomic anomalies (13,18,21). Early diagnosis (< 30 wk gestation) is commonly associated to those anomalies, non-immune hydrops and dismal outcome (fetal death). Spontaneous regression is less likely but can explain webbed neck of Turner and Noonan's children. Prenatal dx should be followed by cytogenetic analysis: chorionic villous sampling, amniocentesis, or nuchal fluid cell obtained from the CH itself to determine fetal karyotype and provide counseling of pregnancy. Late diagnosis (> 30 wks) should be delivered in tertiary center prepare to deal with dystocia and postnatal dyspnea of newborn. The airway should be secured before cord clamping in huge lesions. Intracystic injection of OK432 (lyophilized product of Streptococcus pyogenes) caused cystic (hygromas) lymphangiomas to become inflamed and led to subsequent cure of the lesion without side effects.

III. CONGENITAL AND AQUIRED PROBLEMS  
Approach to neonatal intestinal obstruction
Signs and Symptoms 

1. Bilious vomiting is always abnormal. 

2. Abdominal distention (scaphoid abdomen possible). 

3. Delayed, scanty or no passage of meconium. 

4. Polyhydramnios in mother. 

5. Down's syndrome 

a) Family history 

b) Hirschsprung's disease 

c) Diabetic mother 

d) Jejunal atresia 

Work-up (Logical approach)  

1. While the infant is being studied, it must be kept in mind that the problem may be "non-surgical".  

a) Sepsis of the newborn with associated ileus is the most important cause of non-surgical bilious vomiting and abdominal distention. 

b) Intracranial lesions 

I. Hydrocephalus 

II. Subdural hemorrhage  

c) Renal disease associated with uremia. 

I. Renal agenesis 

II. Polycystic disease 

III. Other urinary tract anomalies which may be associated with severe hydronephrosis. 

2. Plain roentgenograms of the abdomen. 

a) Diagnostic in complete high intestinal obstruction – no gas in distal small bowel. 

I. Double bubble in duodenal obstruction. 

II. Few gas filled loops beyond duodenum indicates jejunal atresia. 

b) Many gas filled loops (requires 24 hours) indicates some form of low intestinal obstruction.

I. Ileal atresia 

II. Meconium ileus (an unfortunate misnomer) – obstruction of the distal small intestine by thick undigested meconium. 

III. Meconium plug syndrome – obstruction of colon by a plug of meconium.

IV. Small left colon syndrome. 

V. Hirschsprung's disease – congenital aganglionosis of colon starting with the rectum. 

VI. Colonic atresia. 

c) May be nonspecific in instances of malrotation of the intestines.  This diagnosis must always be considered in neonates with unexplained bilious vomiting. 

d) Calcifications – at some time during fetal life meconium was (is) present in the abdomen. 

3. Contrast enema will differentiate the various types of low intestinal obstruction. 

a) Microcolon – complete obstruction of the small bowel. 

b) Meconium plug syndrome – colon dilated proximal to an intraluminal mass. 

c) Hirschsprung's disease – although it may appear to be diagnostic, not reliable in the newborn. 

d) Small left colon syndrome – colon dilated to the splenic flexure, then becomes narrow. 

4. Upper G.I. series – the procedure of choice in diagnosing malrotation of the intestines. In the past a contrast enema was thought to be the diagnostic test of choice in instances of malrotation but the cecum and ascending colon can be in normal position in an infant or child with malrotation of the intestines. 

5. Rectal biopsy – a pathologist competent in reading the slides is essential and should not be taken for granted. 

a) Suction biopsy of the rectal mucosa and submucosa- best screening procedure to rule out Hirschsprung's disease (ganglion cells are present in the submucosa), and is diagnostic in experienced hands. 

b) Full thickness biopsy of the rectal wall may be necessary if the suction biopsy is non-diagnostic or if the pathologist is unwilling or unable to make the diagnosis of aganglionosis on a suction biopsy specimen. This procedure is difficult in the small infant and has been replaced by the suction biopsy in most centers. 

c) All newborns who have delayed passage of meconium associated with a suspicious contrast enema should have a suction biopsy of the rectal mucosa and submucosa. With this technique, Hirschsprung's disease will be diagnosed early before it is complicated with enterocolitis. If delayed passage of meconium is "cured" by rectal stimulation (suppository, thermometer, or finger) it must be kept in mind that the diagnosis of Hirschsprung's disease is still a possibility. Whether or not a suction biopsy of the rectum is done before the infant goes home depends on the clinical setting but the safe course of action is to do the rectal biopsy before discharge. Parents may not call before the infant gets into trouble with enterocolitis. 

d) Suction biopsy of the rectum is probably indicated in all cases of so called meconium plug syndrome or small left colon syndrome. If the suction biopsy is not done, the infant must be observed for recurrent gastrointestinal symptoms. A breast-fed infant who has Hirschsprung's disease can "get by" for a prolonged period of time. 

6. Concluding comments:     

The newborn suspected of having intestinal obstruction should be studied in a logical step by step manner. It is important that it be definitely established that the infant has a surgical problem before surgery is performed. This is usually not difficult in instances of complete high small bowel obstruction or when plain films of the abdomen show calcification and/or a distal small bowel obstruction with the contrast enema showing a microcolon or a definite malrotation of the colon (cecum in upper mid-abdomen or left upper quadrant). 

When plain films are suggestive of a high small bowel obstruction but there is gas in the distal small bowel, an upper GI series rather than a contrast enema should be performed. It is critically important that the diagnosis of malrotation of the intestines be always considered and ruled out in a neonate with bilious vomiting. Prompt recognition and treatment of malrotation of the intestines which is often associated with a midgut volvulus avoids the dire consequences of the problems associated with a massive small bowel resection. 

Mistakes are frequently made when the contrast enema is interpreted as normal, meconium plug syndrome, small left colon syndrome or Hirschsprung's disease. In all of  these clinical situations, a suction biopsy of the rectum is an excellent screening  procedure. If ganglion cells are present, Hirschsprung's disease is ruled out and the infant probably has a non-surgical diagnosis.  If ganglion cells are absent, the next step depends on the clinical picture and setting. If the pathologist is experienced and confident of the interpretation, the diagnosis of Hirschsprung's disease can be made with confidence. If there is any doubt about the absence of ganglion cells in the suction biopsy, a full thickness biopsy of the rectum (a difficult technical procedure requiring a general anesthetic) can be done to settle the issue. If Hirschsprung's disease is believed to be the problem, it must be diagnosed histologically before the infant is operated upon because at the time of surgery the site of obstruction may not be apparent and the abdomen may be closed because no obvious site of obstruction is found. 

Hypothyroidism in the first two to three months of life can mimic Hirschsprung's disease in all aspects except for a normal rectal biopsy. 

Another important point to remember is that duodenal atresia is a different disease from jejunal or ileal atresia in terms of their cause. Jejunal and ileal atresia occur as a result of a vascular accident in the small bowel mesentery during fetal life. Consequently, there is a relatively low incidence of other congenital anomalies except for cystic fibrosis. 

Duodenal atresia is a different disease in that there is a very high incidence of associated anomalies (Down's syndrome, imperforate anus, renal anomalies, congenital heart disease, etc.). 

Malrotation of the intestines and Hirschsprung’s disease must be ruled out before a newborn with unexplained bilious vomiting and/or abdominal distention is sent home. It can be unsafe to rely on parents to observe their infant for problems resulting from the above conditions. If diagnosed late, malrotation of the intestines or Hirschsprung’s disease can become life threatening or result in life long problems. 

Oesophageal atresia and tracheo-oesophageal fistula
Oesophageal atresia is a congenital abnormality in which a variable length of the midportion of the oeso​phagus is missing. In about 85% of affected infants there is a communication between the distal oesophagus and the trachea, called a distal tracheo-oesophageal fistula.

The diagnosis of oesophageal atresia could be estab​lished at birth if obstetric units followed the practice of routine passage (or attempted passage) of a tube into the stomach in all babies at birth. This routine is not widely practised and has the potential disadvantage to the baby of inadvertently injuring the larynx, and may induce apnoea.

Any baby drooling excessive saliva (the 'mucousy baby') should be assumed to have oesophageal atresia. The diagnosis is confirmed when a size 10 orogastric catheter cannot be passed through the mouth into the stomach. A history of maternal polyhydramnios during pregnancy in an infant born slightly prematurely heightens the suspicion of oesophageal atresia. If, for some reason the diagnosis is not made at birth and feeding is commenced, explosive rejection of the frst feed will occur, usually with cyanosis, choking and respiratory distress. This should immediately alert the clinician to the correct diagnosis. Sometimes, the infant may suffer cyanotic attacks without feeding.

Where possible the diagnosis should be made prior to feeding. Milk entering an obstructed oesophagus has a high chance of being aspirated into the lungs and caus​ing an aspiration pneumonia. 
If the diagnosis is suspected, an attempt should be made to insert a relatively stiff 10 English gauge oro​gastric catheter through the mouth into the oesophagus. If the catheter cannot be introduced beyond 9-13 cm from the gums, the diagnosis of oesophageal atresia is established, and the baby should be transferred to a tertiary paediatric centre for further investigation and management. No further delineation of the anatomy is required before transfer. A tube of smaller calibre is not used because it may curl up in the upper pouch and give a misleading impres​sion of oesophageal continuity. Introduction of the tube through the nose should not be attempted because it may injure the nasal passages, which are small in a newbom infant. Contrast studies, if any are required, should be performed after transfer to the tertiary institution.

	Suspect OA if:

Prematurity and maternal polyhydramnios, excessively 

mucousy at birth (drooling); mild respiratory distress

	


	Insert No. 10 gauge catheter through mouth 

- becomes arrested at 9-13 cm from gums

	


	Plain X-ray of chest/abdomen:

	

	1. Gas in abdomen on plain X-ray = distal tracheo-oesophageal fistula (usual finding). No further investigation required
	
	2. No gas in abdomen = no distal fistula (but 20% have proximal fistula)

	

	

	
	Endoscopy or mid-oesophageal contrast study

	
	

	
	Demonstrate proximal tracheo-oesophageal fistula, if present


The majority of infants with oesophageal atresia have a distal tracheo-oesophageal fistula. Therefore, gas will be present in the bowel below the diaphragm, from pas​sage through the fistula. If there is no gas in the abdomen for longer than a few minutes after birth, the patient is unlikely to have a distal tracheo-oesophageal fistula, although in about 20% of these there will be a proximal tracheo-oesophageal fistula.

Medical Care Before and During Transport

1. Temperature control. Handling should be kept to a minimum because exces​sive disturbance increases the infant's oxygen consumption (use), exposes the infant to cold stress and, if unsta​ble, may cause dramatic cardiovascular responses. Care must be exercised to avoid excessive cooling in the delivery room and during subsequent stabilization and transport. 

2. Oxygen therapy. A number of infants with oesophageal atresia will have respiratory distress, either because of prematurity, other congenital abnormalities or aspiration pneumonia, or from diaphragmatic splinting caused by excessive escape of air through the distal fistula into the stomach. If no blood gas monitoring facilities are available, the infant must be kept pink at all times: it is preferable to have several hours of hyperoxia than a short period of hypoxia. One-third of infants with oesophageal atresia are pre​mature. Therefore they require attention to temperature control, oxygen therapy, and earlier fluid and dextrose solution resuscitation, to limit the problems of apnoea, respiratory distress and hypoglycaemia.

The majority of infants with oesophageal atresia and respiratory distress can be managed with increased ambient oxygen concentration, but about 7% will require ventilation in transit. This presents problems if the ventilation pres​sures are high, since gastric distension (and rupture) may develop, making ventilation more difficult. This problem can be reduced by placing the tip of the endotracheal tube just proximal to the carina but distal to the fistula. 
3. Posture. In general, the infant in transport should be nursed in the right lateral position to assist the infant in maintaining a clear airway should any fluid enter the phar​ynx. This will also minimize regurgitation of gastric contents up the distal tracheo-oesophageal fistula, and will decrease the work of breathing and improve oxygenation. The neonate depends almost entirely on contraction of the diaphragm for effective ventilation, which is more easily accomplished in this position.

4. Care of the upper pouch. The upper oesophagus should be suctioned intermit​tently to remove accumulating saliva. This should be done at least every 10-15 min, irrespective of whether there appears to be any excessive secretions or not, and more often if necessary. Saliva may accumulate in large volumes in the upper pouch, regurgitate suddenly and be aspirated into the lungs if not sucked out. The suction catheter should be firm but soft, such as 8 or 10 gauge. Y-suction catheters are preferred, because they enable pressure adjustment to minimize oesophageai mucosal damage.

5. Gentle handling. The infant should be handled gently to minimize cry​ing, since crying tends to fill the stomach with air. This, in turn, increases the likelihood of regurgitation of gastric contents into the trachea, increases abdominal distension and impedes ventilation.

Associated anomalies

Major associated congenital anomalies are present in about 50% of babies with oesophageal atresia. When a baby is diagnosed at birth as having oesophageal atresia it is necessary to examine the infant for one or more associated anomalies. The commonest anomalies belong to the VACTERL association (3 or more): 

· Vertebral anomalies i.e. hemivertebrae, spina bifida 

· Anal malformations i.e. imperforate anus 

· Cardiac malformations i.e. VSD, ASD, Tetralogy Fallot 

· Tracheo-esophageal fistula (must be one of the associated conditions) 

· Renal deformities i.e. absent kidney, hypospadia, etc. 

Limb dysplasiaMajor chromosomal abnormalities (e.g. trisomy 13, 18 or 21) and the CHARGE association (coloboma, cloanal atresia, congenital heart disease, genital anom​alies and ear abnormality) are encountered frequently.

Surgical treatment. Prior to surgery, a renal ultrasound is obtained if the infant has not passed urine, because in about 3% of cases there is inadequate renal tissue for long-term sur​vival (e.g. bilateral severely dysplastic kidneys or bilat​eral renal agenesis), in which situation no surgery is justified. An echocardiogram is obtained, because 25% of infants with oesophageal atresia have congenital heart disease. It is important to identify duct-dependent cardiac lesions preoperatively so that a prostaglandin E1 infusion can commence before repair of the oesopha​gus. In most babies, congenital heart disease does not delay the oesophageal surgery and oesophageal repair usually takes precedence over surgery to the heart. An echocardiograph may also identify a right aortic arch and influence the surgical approach to the oesophagus.

Timing of surgery. Complete correction of the abnormality is performed as a single operation shortly after birth, following the renal ultrasound and echocardiogram. The distal tracheo-oesophageal fistula is divided and the upper oesophageal segment anastomosed to the lower seg​ment with interrupted single-layer sutures as an end-to-end anastomosis. Postoperatively, oral feeds can be commenced on about the third day.

The operative procedure. The infant is placed in the full lateral position with the right side uppermost and a towel folded underneath the body to give lateral flexion. The right arm is raised over the head to facilitate the thoracic approach. A transverse incision is made just below and centred on the angle of the scapula and, after division of fibres of the latissimus dorsi in the line of the incision, the posterior fibres of the serratus interior are divided near their origin, as low as possible in the incision, thus preserving the muscles' innervation. The chest is entered through the fourth intercostal space and the pleura swept off the chest wall. The oesophagus is approached in this extrapleural plane, and the azygos vein is ligated and divided.

After incision of the fine endothoracic fascia of the posterior mediastinum, the lower oesophagus can be found immediately anterior to the aorta, and is high​lighted by vagal fibres running along its surface. The communication of the oesophagus to the trachea is exposed. A vascular sling may be passed around the fis​tula where the upper part of the lower oesophageal seg​ment joins the trachea, once the angle between the oesophagus and trachea has been dissected clear. Care is taken to avoid damage to the vagus nerves and blood supply of the oesophagus. The tracheo-oesophageal fistula is closed with 4/0 or 5/0 polyglycolic acid transfixion sutures, and divided.

The fundus of the upper oesophageal segment can be readily identified within the chest, once the anaesthetist passes a catheter into it. A stay suture, passed through its lowest part, assists its mobilization and avoids unnecessary handling of (and trauma to) the oesophagus. The upper oesophagus can be mobilized as far as the cricopharyngeus muscle, should it be necessary to make the oesophageal anastomosis without excessive tension. Once the upper segment has been mobilized, its most dependent part is opened.

The end-to-end oesophago-oesophageal anastomosis is now constructed by inserting three interrupted 5/0 polyglycolic acid sutures in the posteromedial aspect (furthest away) of the oesophagus, taking in all layers, with moderately large 'bites' of tissue. Special care must be taken to ensure that the mucosal layer of the upper pouch is included, because it tends to retract upwards out of view when the upper pouch is opened. When the three sutures have been placed, the oesophageal ends are gently apposed and the sutures tied on the mucosal surface. The orogastric tube can now be passed through the upper oesophagus into the lower segment, before completion of the anastomosis with a further four to six all-layers, interrupted sutures, with the knots tied on the outside.

Before closure, the orogastric tube is removed (unless lavage feeding is planned, as in the premature infant) and the thoracic cavity is irrigated with warm antibiotic saline solution. This fluid allows confirmation that there is no air leakage from the closed fistula with ventilation. A chest drain is not normally required, unless there is concern about the integrity of the anastomosis.

Complications. A number of problems may occur following repair of oesophageal atresia. Some, such as anastomotic leak, recurrent tracheo-oesophageal fistula and a shelf at the site of anastomosis, are the result of technical inade​quacies, whereas others, such as poor oesophageal clearance and gastro-oesophageal reflux causing the late development of a stricture, reflect abnormalities more directly related to the oesophageal atresia itself.

1. Anastomotic leak

An interrupt​ed, all-layers, end-to-end oesophageal anastomosis using an absorbable suture appears to have the lowest leakage and stricture rate, making it the anastomosis of choice. Leakage from an anastomosis may vary enor​mously in significance, from a minor radiological leak in an otherwise well infant (for which no treatment is required) to complete anastomotic disruption with mediastinitis, empyema, pneumothorax and septicaemia. Factors that contribute to anastomotic leakage include: incorrectly placed sutures, insecure sutures, excessive tension at the anastomosis, ischaemia of the oesophageal ends and sepsis. The extent of the oesophageal dissec​tion undertaken is the balance between that dissection required to gain adequate length to avoid excessive ten​sion at the anastomosis, and damage to the blood supply of both oesophageal ends which may occur when the oesophagus is mobilized extensively or oesophageal myotomy is performed. In most infants an anastomotic leak can be managed non-operatively. Safe total parenteral nutrition enables oral feeds to be ceased. Antibiotics are commenced and the leak will usually close spontaneously. Cervical oesophagostomy is only rarely necessary, when supportive therapy has been unsuccessful and there is ongoing difficult-to-control sepsis. A long-standing leak may require gastrostomy to allow continuation of enteral feeds.

2. Recurrent tracheo-oesophageal fistula

The development of coughing, gagging, choking, cyanosis, apnoea, dying spells and recurrent chest infec​tions suggests that a recurrent tracheo-oesophageal fistu​la has developed. The typical presentation is that of an infant who coughs and splutters with each feed. The most reliable method of confirming the diagnosis is cineradiographic tube oesophagography with the patient in the prone position. Barium is introduced through a nasogastric tube positioned in the oesophagus as, the tube is grad​ually withdrawn. Bronchoscopy is an alternative method.

Spontaneous closure of recurrent fistulae is unlikely. Most centres wait for at least 4 weeks from the first oper​ation before closing a recurrent fistula. A thoracotomy is performed through the original incision when the child is in optimal respiratory and general condition following a period of intravenous nutrition. The fistula is divided via a transpleural approach. Some surgeons like to pass a fine ureteric catheter through the fistula endoscopically to facilitate its localization, and some sur​geons place mediastinal tissue between the ends of the-divided fistula in an attempt to prevent a further recurrence.

3. Anastomotic stricture

Anastomotic stricture is the most common reason for further surgery to the oesophagus being required after repair of oesophageal atresia. Factors that influence the development of an oesophageal stricture include rough handling of the oesophagus at the time of repair, ischaemia of the oesophageal ends, excessive tension of the oesophageal anastomosis, the choice of suture mate​rial (e.g. silk), anastomotic leak or dehiscence, the use of a two-layer anastomosis and gastro-oesophageal reflux. Gastro-oesophageal reflux is the most common cause of late stricture development.

Patients with a stricture develop feeding difficulties and dysphagia, the onset of which may be insidious. The first symptom is often that they are slow feeders and have excessive regurgitation, with or without cyanotic episodes. Older children present with foreign body impaction of food in the oesophagus. Diagnosis is con​firmed by barium swallow or endoscopy. In patients with mild narrowing of the oesophagus, one or two dilatations may be all that is required. How​ever, in patients with associated gastro-oesophageal reflux, it will usually be necessary to perform an anti-reflux operation (e.g. Nissen fundoplication), after which the stricture will resolve.

4. Motility problems

Oesophageal motility is abnormal, both before and after repair of oesophageal atresia. It is likely that vagal fibres are injured during mobilization of the oesopha​gus, worsening the already abnormal oesophageal motility. Oesophageal motility tends to improve gradu​ally with age, but children with oesophageal atresia often need to drink with their meals. Abnormal oesophageal motility may contribute to ocsophagitis and oesophageal stricture formation in the presence of gastro-oesophageal reflux: the fact that the oesophagus does not empty normally allows acidic gastric juice to sit in the lower oesophagus for a longer period than in patients with normal muscular action.

5. Oesophageal diverticulum and shelf
A pseudodiverticulum may occur following leakage from the oesophageal anastomosis. Ballooning at the site of a circular myotomy is common and may result in a diverticulum. A shelf at the site of the oesophageal anastomosis occurs when the upper oesophageal pouch has been opened eccentrically, or the end-to-end oesophageal anastomosis has not been performed with sufficient precision.
Oesophageal atresia without fistula

When there is no tracheo-oesophageal fistula present, there is almost always a substantial gap between the oesophageal ends. Sometimes there is virtually no lower -oesophageal segment above the level of the diaphragm. The absence of a fistula and long-gap oesophageal atresia may produce a number of specific surgical problems:

1. The stomach is small, as a result of the inability of the fetus to swallow amniotic fluid or of fluid to enter the stom​ach through the distal fistula. The significance of this relates to the problems created by a small stomach when a gastrostomy is being fashioned so as not to compromise later gastric interposition (if required) or a subsequent antireflux operation.
2. Assessment of length of gap. The length of the upper segment of the oesophagus can be demonstrated by a contrast study (performed to exclude a proximal fistula) and confirmed at operation by the passage of a radiopaque flexible catheter through the mouth into the upper oesophagus by the anaesthetist.

The lower segment is evaluated at the time of gas​trostomy by introducing a metal bougie through the gastro-oesophageal junction into the lower oesophageal segment. Gentle pressure exerted on the catheter from above, and the bougie from below, can be used to assess how closely the oesophageal segments can be approxi​mated, as an indicator of the likelihood of early successful oesophageal anastomosis.

Management of long-gap oesophageal atresia

A. Suspect 'long gap' if:

1. Gasless abdomen on plain X-ray

2. Proximal tracheo-oesophageal fistula

3. OA and cleft palate

4. Short upper pouch on plain X-ray

B. Assessment of length of gap: (under GA, using image intensifier)

• Gastrostomy and pass metal sound through gastro-oesophageal junction up into lower oesophageal segment

• Anaesthetist simultaneously passes radiopaque tube into upper pouch

	Length of gap

	

	< 2 Vertebral bodies
	> 2 Vertebral bodies

	
	

	Immediate primary repair via thoracotomy

	Immediate primary repair if believe oesophageal ends can be anastomosed
	Delayed repair

(2-3 months)

if ends too far apart


C. Manoeuvres to achieve anastomosis:

1. Full upper pouch mobilization

2. Dissection of lower segment to (or through) oesophageal hiatus

3. Mobilization of stomach into chest

 • through oesophageal hiatus

 • division of lesser curve (Scharli)

4. Myotomy: circular (spiral)

Usually of upper pouch

? Lower pouch too
D. If anastomosis fails:

Cervical oesophagostomy and gastrostomy
Later oesophageal replacement at 10 kg or 1 year (or earlier if infant well)

Options: greater curvature tube, isoperistaltic gastric tube, reversed gastric tube, gastric transposition, jejunal interposition, oesophagocoloplasty
3. Timing of definitive repair

As soon as the gap appears small enough to enable pri​mary anastomosis, or at 3 months, primary anastomosis is attempted.

The following manoeuvres may be undertaken to overcome a long gap between oesophageal ends in oesophageal atresia.

I. The upper pouch is identified and fully mobilised, avoiding damage to the trachea. The mobilization can be extended superiorly as far as the cricopharyngeus without compromising the blood supply to the upper oesophagus. This should always be the first manoeuvre.

2. Mobilization of the distal segment. The lower oesophagus can be identified by following the fine white fibres of the vagus nerve as they run down the posterior mediastinum. Mobilization of the lower segment can be achieved without disruption of the segmental vascular supply, which appears as a small leash of vessels from the aorta.
3. If the above manoeuvres still do not allow the oesophageal ends to be anastomosed, more exten​sive mobilization of the oesophagus through the oesophageal hiatus can be employed, to allow the intra-abdominal oesophagus to ride up into the tho​rax, with or without a portion of the stomach. This comes at the cost of producing significant gastro-oesophageal reflux, which will almost certainly require surgical correction at a later date.
4. A circular (or spiral) myotomy of the upper oesoph​agus can be performed, but this may damage the motility and vascular supply of the upper pouch, or result in later diverticulum formation. Preferably, it should be done more than 2 cm from the end, which may be difficult when the upper oesophageal seg​ment is short (as is often the case when a myotomy is required).

5. An anterior mucomuscular flap can be fashioned using the upper oesophageal segment. Viability of the flap relies on the fact that the upper oesophagus has an excellent longitudinal blood supply and is somewhat wider (more dilated) than the lower oesophagus.

6. If all of these measures fail a cervical oesophagosto​my as a prelude to subsequent oesophageal replacement, may be required.
	Indications for cervical oesophagostomy

	• No distal oesophagus, or an extensive gap between the oesophageal ends making an oesophageal anastomosis impossible

• Life-threatening anastomotic complications

• Long-gap oesophageal atresia where there are inade​quate facilities for prolonged upper pouch care

• A cervical oesophagostomy is very rarely required in a patient with oesophageal atresia and a distal fistula


	Indications for oesophageal replacement

	• Oesophageal atresia without fistula where there is min​imal or no intrathoracic component to the lower oesophageal segment

• When attempted oesophageal anastomosis at thoracotomy proves impossible (a rare event)

• Where total anastomotic disruption with sepsis has required a cervical oesophagostomy, (even in this situ​ation, in some infants, it may still be possible to salvage the oesophagus)


	Selection of method of oesophageal replacement

	Viscus


	Stomach: antegrade tube

                retrograde tube

                transposition

Colon

Small bowel (jejunum)

	Route


	Retrosternal
Transpleural
Posterior mediastinal


Extreme prematurity
In the extremely premature infant who is likely to develop or is developing severe hyaline membrane dis​ease (HMD) early division of the tracheo-oesophageal fistula by a thoracotomy, with or without simultaneous oesophageal anastomosis, depending on the condition of the infant at the time of operation, is important. The greater the difficulty in achieving adequate gaseous exchange, the more urgent the need to close the fistula. Ideally, this is done in the first 12 hours of life and before the HMD becomes fully established. Attempts to venti​late the infant until the HMD resolves before closing the fistula tend to be hazardous: to achieve adequate ventila​tion in the presence of severe HMD, high ventilatory pressures may be required over a prolonged period, and it is only effective if the airway resistance is lower than that of the fistula. If the fistula acts as a low resistance vent, ventilation becomes ineffective and the stomach distends with air, leading to gastric perforation, pneumoperitoneum, elevation of the diaphragm with splinting, hypoxia, cardiac arrest and death. Placement of a gastrostomy may encourage preferential passage of air through the fistula, preventing satisfactory ventilation.

Whether administration of surfactant will allow delayed division of the fistula in the extremely prema​ture infant with the potential for HMD, remains to be determined.

Tracheo-oesophageal fistula (the H fistula)

Tracheo-oesophageal fistula without oesophageal atresia presents a different clinical spectrum because the oesophagus is intact and patent. A fistula passes obliquely from the trachea in a caudal direction to enter the oesophagus at a slightly lower level. Air may pass through the fistula from the trachea to the oesophagus, and oesophageal contents (e.g. sali​va and gastric juice) may enter the trachea.

Clinical features. Symptoms result from the passage of air or liquid through the fistula, and include choking and cyanotic attacks with feeds, usual​ly relieved by gavage feeding, pneumonia, abdominal distension with air. Excessive drooling is sometimes seen, secondary to irritation of the respiratory tract from the passage of saliva and milk through the fistula. Vom​iting, a hoarse cry and failure to thrive are less common features.

The objectives of further investigation are to confirm the diagnosis of a tracheo-oesophageal fistula and to estab​lish the level of that fistula. The two methods used are radiology and endoscopy. A properly performed contrast study requires meticulous attention to detail, including recording the entire study on video. Barium introduced through a catheter placed in the mid-oesophagus will identify a fistula in a high percentage of cases. Should diagnostic doubt persist despite an adequate mid-oesophageal radiological study, bronchoscopy should be performed. Alternatively, bronchoscopy may be the ini​tial investigation. There is no role for oesophagoscopy (the fistula is difficult to find) or for the introduction of dyes, such as methylene blue. Both contrast radiology and endoscopy have a place in the diagnosis of tracheo-oesophageal fistulae and, with appropriate expertise, neither is clearly superior to the other.

Operative management. The best surgical approach is usu​ally through a supraclavicular incision on the right side, to reduce the likelihood of injury to the thoracic duct. A 2-3-cm-long incision above the clavicle, deepened through the platysma, will allow access to the fistula without the need for division of the stemomastoid mus​cle. The strap muscles are retracted medially and the dissection is continued anteromedial to the carotid sheath. Introduction of a naso-oesophageal tube by the anaesthetist may help to determine the exact position of the oesophagus. The trachea can be recognized by its rings. The fistula will be found in the groove between the trachea and oesophagus: it is short and runs oblique​ly. Damage to the recurrent laryngeal nerves, which also run between the oesophagus and trachea, must be avoided. However, a sling placed around the fistula itself may help to control it during division. Each end of the fistula is closed using 4/0 or 5/0 poly-glycolic acid sutures. Drainage of the wound is not normally necessary, nor is a routine gastrostomy. The anaesthetist should inspect the vocal cords at the completion of the operation.
Gastro-Duodenal Anomalies

Gastric Anomalies. Congenital gastric outlet obstruction is extremely rare. It occurs either in the pyloric or antral region. Antral membranes (web or diaphragm) are thin, soft and pliable, composed of mucosa/submucosa, and located eccentric 1-3 cm proximal to pyloro-duodenal junction. They probably represent the developmental product of excess local endodermal proliferation and redundancy. The diagnosis should rely on history, contrast roentgenology studies and endoscopic findings. Symptoms are those of recurrent non-bilious vomiting and vary according to the diameter of aperture of the membrane. There is a slight male predominance with fair distribution between age groups in children. Associated conditions: pyloric stenosis, peptic ulcer and cardiac. History of polyhydramnios in the mother. Demonstration of a radioluscent line perpendicular to the long axis of the antrum is diagnostic of a web. Endoscopy corroborates the diagnosis. Management can be either surgical or non-surgical. Surgical Tx is successful in symptomatic pt. and consist of pyloroplasty with incision or excision of the membrane. Other alternative is endoscopic balloon dilatation or transection of the web. Non-obtructive webs found incidentally can be managed medically with small curd formula and antispasmodics. The presence of an abnormally dilated gastric bubble in prenatal sonography should alert the physician toward the diagnosis of congenital antro-pyloric obstruction. 

Pyloric Stenosis. Is an abnormality of the pyloric musculature (hypertrophy) causing gastric outlet obstruction in early infancy. The incidence is 3 per 1000 live births. The etiology is unknown, but pylorospasm to formula protein cause a work hypertrophy of the muscle. Diagnostic characteristics are: non-bilious projectile vomiting classically 3-6 weeks of age, palpable pyloric muscle "olive", contrast studies are not necessary when the pyloric muscle is palpated, enlarged width and length in ultrasonography.  The treatment consist in correction of hypochloremic alkalosis and state of dehydration and performing a Fredet-Ramstedt modified pyloromyotomy. Post-operative management consist of: 50 % will have one to several episodes of vomiting, usually can feed and go home in 24-36 hours, initial feeds start 8-12 hours after surgery. 

Congenital intestinal obstruction 

Embryology. The development of the intestinal tract is completed by the 10th week of intrauterine life. The intestinal tract has been subdivided into foregut, midgut and hindgut, with their respective blood supply of the coeliac axis, superi​or mesenteric and inferior mesenteric arteries. In the early stages the midgut consists mainly of the vitello-intestinal duct. Up to the 5th week of fetal life the intestinal tract is a hollow tube but then there is a pro​liferation of the intestinal mucosa which appears to occlude the lumen. Whilst this is occurring the midgut is increasing in length and this, together with vacuolization of the epithelium leads to a restoration of the lumen.

One theory of the causation of intestinal atresias was it resulted from a failure of the vacuolization of the intestinal epithelium (Tandler, 1902). Since then other workers have shown by serial sectioning of the fetal intestine that the lumen persists. Later workers found that vascular insufficiency to the developing fetal intes​tine was the prime cause of jejunoileal atresias (Louw and Barnard, 1995).

The liver and pancreas arise from two large extramural glands from the duodenum. The hepatico-pancreatic bud grows ventrally into the mesentery of the duodenum and the dorsal outgrowth forms the body and tail of the pancreas with its own duct (Santorini). The ventral outgrowth divides into a hepatic and a pan​creatic component, which forms the head of the pan​creas with its own duct (Wirsung). Rotational effects on the long axis of the duodenum result in the bile ducts and head of the pancreas coming to lie close to the dor​sal mesoduodenum. Fusion of the two outgrowths then occurs to form the adult type of pancreas. A communi​cating duct then joins the ducts of Santorini and Wirsung. As a result the separate opening of the duct of Santorini may either persist or disappear.

The omphalocele closes by the 80th day of fetal life and coincides with the disappearance of the vitellointestinal duct. The abdominal cavity has been expanding before this in order to accommodate the increasing length of the developing intestine. Rotation of the intestine occurs during this time so that the intestine assumes its adult position. This rotation of the intestine on its universal mesentery and its return from the omphalo​cele lead to junction of the parietal and viscerial peri​toneum of the mesentery, thus attaching parts of the intestinal tract to the abdominal wall (duodenum, ascending and descending colon).
General principles of surgical management

The classical signs and symptoms of intestinal obstruc​tion are primary, including abdominal pain, vomiting and absolute constipation, or secondary, such as dehydration, loss of weight, biochemical imbalance, disten​sion, visible peristalsis, increased bowel sounds, ten​derness due to peritonitis which may be associated with gangrene, and perforation of the bowel. The secondary factors, if left untreated, lead to the death of the patient.

Variations in the pattern of presentation of intestinal obstruction depend on the level of obstruction and whether the obstruction is complete or incomplete.
Causes of intestinal obstruction in the newborn

	Group
	Obstruction
	Causes

	1
	Duodenal


	Atresia: stenosis

Annular pancreas

Malrotation with or without volvulus

	2
	Jejunoileal


	Atresia: stenosis

Meconium Ileus: peritonitis

Volvulus neonatorum
Inguinal hernia

Meckel's diverticulum

Congenital bands

	3
	Colorectal
	Hirshsprung's disease

Atresia: stenosis (rare)

Anorectal anomalies

	4
	Idiopathic intestinal obstruction
	Meconium plug
Milk plug

Faecal plug

Hypothyroidism

Nectrotizing enterocolitis

Exchange transfusion

Infection

Pseudo-Hirschsprung's

Hypoganglionosis

Hypoplastic left colon

Drugs

Cold injury

Central nervous system anomalies


Group I. The obstruction in duodenal atresia is either above (34%) or below (66%) the opening of the bile ducts. The absence of bile in the vomit with obstruction above the ampulla may lead to delay in diagnosis. Vomiting occurs early in both groups, i.e. within 48 hours of birth.

There may have been a history of hydramnios. Abdominal distension and visible peristal​sis is limited to the upper abdomen. The diagnosis is confirmed by a straight X-ray of the abdomen, which shows the classical double bubble.

When the obstruction is incomplete, e.g. with an annular pancreas, a perforation in a septum, or a malrotation or volvulus, the clinical presentation is altered. Distension is less, and vomiting may be intermittent and is either bile or non-bile stained. Distension does not occur with a volvulus of the small bowel, a fact not often understood by clinicians, and this may lead to a significant delay in diagnosis and to mortality. Straight radiographs demonstrate a double bubble with gas beyond and malposition of loops of intestine. Con​trast studies from either above or below may show evi​dence of a volvulus or malposition of the caecum.

Group II.  There is seldom any delay in diagnosing jejunoileal atresias or meconium ileus. In jejunoileal atresia vomiting of bile accompanied by abdominal distension and visi​ble peristalsis occurs early in upper small bowel obstruc​tion but may be delayed in distal small bowel obstruction. The diagnosis is confirmed by a straight X-ray showing distended loops and fluid levels. Disten​sion is absent in the rare septum with a perforation in the ileum and because of some stasis and alteration of the bacterial flora, the infant may present with loose stools.

Delay in diagnosing intestinal obstruction with meconium ileus with or without meconium peritonitis is unusual. Abdominal distension is often gross and may even be present at the time of delivery. Vomiting is often minimal, which contrasts markedly with the degree of abdominal distension. On rectal examination the rectum feels tight and empty. In about 60% of patients with meconium ileus there is a volvulus and in some, when this has occurred during fetal life, there may be an associated intestinal atresia (25%). In some infants there will be a family history of fibrocystic dis​ease. The diagnosis of fibrocystic disease may be con​firmed by estimating and finding an elevated level of sodium in the sweat obtained by iontophoresis.

Management. The principles of preoperative care are the same irre​spective of the level or cause of the intestinal obstruc​tion. Prevention of the aspiration of a vomit may be lifesaving, so a 10 French gauge nasogastric tube is passed, aspirated at regular 30-min to 1-hour intervals and left on free drainage between aspirations. The degree of dehydration is assessed and replacement of fluids and electrolytes is started by the intravenous route. Careful monitoring of the bio​chemical state of the patient is undertaken. Radiographs with straight supine and erect films are often the only investigation needed to confirm a diagnosis. Contrast studies are occasionally required.

1. Duodenal atresia - stenosis - annular pancreas

The aim of the operation is to restore continuity of the intestine and the procedure of choice is a duodenoduodenostomy. The debatable point is whether to combine this with a gastrostomy and a transanastomotic feeding tube. A gastroenterostomy is to be avoided but a retrocolic duodenojejunostomy is a useful alternative to a duo​denoduodenostomy.

In patients with a duodenal diaphragm it is possible to miss the obstruction because of the 'windsock' effect. The duodenum must be opened and the membrane is found prolapsed distally. The membrane is excised either with cutting diathermy or by oversewing the cut edges. The duodenum is then closed transversely.

Postoperative care. The stomach is kept empty either by aspiration from the gastrostomy tube or from a 10 Fr. gauge nasogastric tube. The volume of aspirate is high and usually is within 100-150 ml per day, which must be replaced, either parenterally or down the transanastomotic feed​ing tube. The problem with transanastomotic feeding tubes is that they tend to be returned to the stomach, thus defeating their purpose. This can be partially avoided by the slow administration of the aspirations at 1 ml/min.

The volume of gastric aspirations gradually decreas​es usually over a period of 5-10 days. As the aspirates decrease and become non-bile stained oral or tube feeds may be introduced, initially 5% dextrose, then half-strength and finally full-strength feeds. The volumes are gradually increased by 2.5-5.0 ml/hour. In the transition from partial to full feeds the aspirations are reduced from hourly to 4- or 6-hourly, or longer depending on the progress of the infant.

Complications: 

• Anastomotic leak: this may result in a localized or subphrenic abscess.

• Duodenal ileus: the gross dilatation and hypertrophy of the duodenal wall proximal to the obstruction need time for recovery. During this time the onward peristaltic propulsion of intestinal contents may be ineffective, with a failure of the nasogastric aspira​tions to decrease.

• Stenosis: this may be intrinsic due to an inadequate anastomosis or extrinsic from adhesions or a local​ized abscess.

• Perforation of the bowel wall: if a transanastomotic feeding tube is used it should be polyvinyl, and feeds given this way must be given slowly.

• Blind loop syndrome: chronic dilatation secondary to stenosis at the anastomosis may lead to alteration of the bacterial flora of the gut and development of a blind loop syndrome. There is aniron deficiency anaemia, failure of normal growth and complete loss of appetite. Contrast studies will confirm the diagno​sis and a further laparotomy and revision and/or refashioning of the anastomosis is required.

2. Malrotation: volvulus neonatorum

The term malrotation is used to describe the condition of the failure of the intestine to undergo its anticlock​wise rotation to take up normal adult position. This usually occurs with the midgut returning from the omphalocele to the true abdominal cavity. This failure of rotation may result in intestinal obstruction from two main causes. The first and most dangerous of these is a volvulus due to the midgut being suspended on a very narrow vascular pedicle, like a tightly gathered curtain, which is easy to twist through 360° or more. The second cause is that a condensation of parietal peritoneum may cross the duodenum and is attached to a high-lying caecum. In some instances the gut has rotated normally but the small intestine mesen​tery has a narrow attachment to the posterior abdominal wall rather than the longer oblique normal attachment from the duodenojejnnal junction to the right iliac fossa. The narrow attachment predisposes to a volvulus.

Other conditions associated with a universal mesen​tery (i.e. the primitive embryological state) include congenital diaphragmatic hernia, exomphalos and gastroschisis, duplication cysts of the small intestine and abdominal masses such as a right-sided severe pelviuretericjunctional hydronephrosis.

The findings at a laparotomy vary from finding a high caecum with Ladd's band crossing the duodenum to those with a volvulus through 180°, 360° or even greater when associated with a maypole mesentery.

It is essential to deliver the intestine completely into the wound in order to determine the precise nature of malrotation present. A volvulus, if present, is usually clockwise. If there has been ischaemia the blood supply to the intestine may be compromised. If this ischaemia occurred during intrauterine life there may be associated single or multiple atresias, usually of the upper jejunum.

The volvulus is untwisted, which will improve the blood supply to the intestine if it had been threatened. Ladd's band is then divided and the duodenum mobi​lized so that the midgut is now on its universal mesen​tery, with the small intestine to the right and the caecum and large intestine to the left. No attempts are made to fix the intestine. Appendicectomy need not be performed but the parents of the infant or child must be informed that the appendix lies in an abnormal position so that any future inflammation should not be difficult to diagnose. 

If ischaemic gut is present the above procedure may have an intestinal resection added with restoration of continuity by an end-to-end or end-to-back anastomo​sis. The loss of intestinal length may be severe. This is often due to delay fn diagnosis and occasionally a resec​tion is not possible. In such cases a second-look opera​tion after 48 hours is indicated in the hope that some of the intestine will have recovered and that a more limit​ed resection is possible.
Postoperative care.  A prolonged period of duodenal ileus may require nasogastric aspiration and intravenous replacement of fluid losses. Parenteral nutrition may be required, together with antibiotic cover in the complicated case. As a mal​rotation can present at any time from infancy to adult life there may be considerable duodenal dilatation in the older patient, with a longer postoperative spell of vomiting.

Complications: 

• Recurrent volvulus: this is an unusual complication unless a volvulus neonatorum is only untwisted and not combined with a Ladd's operation.

• Intestinal obstruction: subsequent intestinal obstruc​tion due to adhesions is a real risk and occurs in about 10% of patients following a Ladd's operation.

• Short gut syndrome: malabsorption may be severe in those patients who have lost intestinal length from intrauterine ischaemia of the bowel or those needing a resection of the bowel for gangrene.

• Anastomotic 'leak': if a resection has been necessary a leak may occur to produce either a localized or a generalized peritonitis.

3. Jejunoileal atresia: stenosis

There are two main theories for the aetiology of the jejunoileal atresias. The first is a failure of recanalization of the bowel following mucosal growth and increase in length of the midgut (Tandler, 1902). The second is that of intesti​nal ischaemia at some stage of intrauterine life. Tandler's theory was discredited by the findings in infants with a complete intestinal atresia that the meconium distal to the atresia contained epithelial squames, lanugo and bile, and hence the gut lumen must have been patent before the episode causing the atresia. These findings led to the development of the vascu​lar accident as a cause of the atresias. If the blood sup​ply to the fetal bowel is impaired and the bowel is empty, the bowel becomes gangrenous and is absorbed. If the bowel has intestinal content this will be freed into the peritoneal cavity and then produce an inflammatory reaction, i.e. meconium peritonitis. The differing com​ponents respond to ischaemia in different ways, i.e. the highly specialized cells of the intestinal mucosa are more sensitive to anoxia and will therefore die before the smooth muscle and fibroblasts in the intestinal wall. Such differing responses to anoxia could account in part for the different types of intestinal atresia found in clin​ical practice. Intrauterine volvulus leads to formation of an intestinal atresia.

Thus the vascular accident theo​ry has replaced the earlier Tandler theory as the causation of intestinal atresias. Furthermore, it is supported by the low incidence of other congenital anomalies in patients with jejunoileal atresia, which contrasts with the high incidence found in patients with duodenal and rec​tal atresias. The different types of intestinal atresia found include a stenosis, a complete septum (type I atresia), a fibrous cord (type II) and a gap with separation of the proximal and distal limbs of the intestine (type III).

Preoperative care - nasogastric aspiration and correction of fluid and electrolyte losses are the mainstays of preparation for definitive and corrective surgery.

Operation. The vast improvement in the mortality from jejunoileal atresias followed a better understanding of the func​tional propulsive activity of the bowel. In earlier years continuity was restored by end to end, or end-to-side or side-to-side anastomoses. This was followed by a pro​longed period of ileus with a high mortality. Following experimental animal work it was show that if the gross​ly dilated bowel was excised proximal to the atresia and an end-to-back anastomosis performed there was a very significant improvement in the mortality. Thus the Nixon’s end-to-back anastomosis following resection of the grossly dilated intestine became the standard surgical treatment for an ileal or low jejunal atresia.

In patients with a high jejunal atresia it was imprac​tical to resect a significant length of intestine owing to the proximity of the bile ducts. A method of overcoming this problem was to reduce the calibre of the jejunum by tapering or refashioning the proximally dilated bowel. Continuity was restored by an end-to-end anastomosis.
With the improvement of parenteral nutrition in recent years another alternative method of treatment is available, i.e. to revert to the original operation of restoring continuity without resection of the dilated intestine and to rely on parenteral nutrition for a pro​longed period, which would allow the dilated intestine to revert to its normal calibre.

Postoperative care - prolonged nasogastric aspiration, replacement of fluid and electrolytes, and parenteral nutrition are required until full oral feeding is established.

Early complications:

• Anastomotic leak: the standard anastomosis is a sin​gle layer with interrupted sutures. The disparity in size between the ends being anastomosed increases the technical difficulty of the anastomosis.

• Aspiration pneumonia.

Late complications:

• Metabolic complications: these include problems with hypokalaemia, hypocalcaemia and hypomagnesaemia which should be preventable but may require urgent treatment. Malabsorption and lactose intoler​ance may complicate the management in patients who have lost intestinal length.

• Adhesions: these may cause intestinal obstruction at a later date.

• Failure to thrive: there may be delays in growth and development, although the vast majority will have attained normal levels within 1-2 years of the original operation. This may be due to compensatory changes in the intestinal mucosa following a lengthy resection.

4. Meconium ileus

Fibrocystic disease of the pancreas is genetically deter​mined by an autosomal recessive gene with a recur​rence risk in future pregnancies of 1 in 4. In 10-15% of patients with fibrocystic disease abnormal viscid meconium and deficient pancreatic enzymes cause a bolus type of intestinal obstruction in the newborn. The usual level of the obstruction is in the ileum. The obstruction may, however, be at a higher or lower level. The bowel becomes grossly distended and thick walled owing to hypertrophy of the smooth muscle. Distally, the bowel is of small calibre and collapsed to produce a 'microcolon' effect. The dilated and thickened bowel is prone to undergo a volvulus. If this occurs before birth the bowel becomes gangrenous, liberating meconium into the peritoneal cavity to produce a meconium peri​tonitis. Atresia of the bowel may be associated with this sequence of events, with an incidence of about 20%. If the volvulus occurs after birth then gangrene, perfora​tion and a bacterial peritonitis may complicate the clinical picture.
Preoperative care - nasogastric aspiration, replacement of fluid and elec​trolyte losses are the mainstay of the early management prior to a laparotomy.

Operation. The mortality from meconium ileus was originally of the order of 75%, but then the Bishop-Koop ileostomy was introduced. This was a radical change in management and resulted in a fall in mortality to under 25%. The bowel is inspected and any volvulus present is untwisted. The grossly distended bowel is excised proximal to the obstruction. The distal end of the bowel is brought out as an ileostomy and the proxi​mal bowel is anastomosed to the side of the ileostomy. No attempt is made to empty the distal bowel of the vis​cid meconium.

An alternative method of management is to correct the volvulus, resect any gangrenous bowel or associated atresia, wash out the distal bowel with acetyl cysteine and then restore continuity with an end-to-end anasto​mosis. In some patients this can be performed through an enterotomy in viable bowel. This procedure is associat​ed with a considerable amount of handling of the bowel, which may result in a prolonged postoperative ileus and may indicate the need for a period of total parenteral nutrition. This is likely in patients in whom a resection is not undertaken to remove the grossly dilated bowel.

In some patients conservative treatment is possible as the obstruction may be relieved by the hygroscopic effect of a gastrografin enema (Noblett, 1969). The pro​cedure is not without complications and it should be remembered that a volvulus is present in about 50% of patients with meconium ileus. On screening, if gastrografin is seen to enter a dilated loop of ileum a conser​vative regime may be tried, thus avoiding a laparotomy.

Postoperative care - the continuation of nasogastric aspiration and the replacement of fluid and electrolytes is essential and, if the ileus is prolonged, parenteral nutrition is indicated. Oral Pancrex is given (125 mg in 5 ml normal saline) every 4 hours to the stomach via the nasogastric tube even if regular aspirations are still car​ried out. If a Bishop-Koop ileostomy is present then Pancrex is instilled into the stoma using a short, soft catheter. This is started 24 hours after the operation and continued at 2-hour intervals until meconium is passed, which normally occurs within 48-72 hours. If a more conservative operation or non-operative care has been used a gastrografin enema may be repeated in order to clear the distal bowel of viscid meconium.

Intraperitoneal closure of a Bishop-Koop ileostomy is required and there is some debate relating to the tim​ing of its closure. Originally this was delayed for a long time if the stoma was behaving as a dry mucous fistula. The majority prefers to close the ileostomy as soon as the meconium distal to the obstruction is passed, i.e. with 2-4 days of the original operation.

Regrading with oral feeds is started as soon as possi​ble, initially using 5% dextrose but then increasing to half-strength and then full-strength milk feeds. Predigested feeds such as Pregestimil play a role in the management of these patients.

Final confirmation of the diagnosis of fibrocystic dis​ease is made by measuring the sodium content of sweat obtained by iontophoresis. The general complications of fibro​cystic disease such as liver failure, intestinal mal-absorption, portal hypertension and respiratory failure eventually lead to death. With improvements in the long-term management of these patients many are now reaching adult life.

Hirschsprung's disease

In 1886, Harald Hirschsprung (1830-1916), a Danish paediatrician, delivered a lecture in which he described two boys with a characteristic clinical picture: severe difficulty with defaecation from birth, increasing abdominal distension and a deterioration in health leading to death at the age of 11 and 7 months, respectively. The era of understanding the pathophysiology of Hirschsprung's disease dawned when Swenson and Bill (1948) developed appropriate surgical treatment by experimentally resecting the recto-sigmoid in dogs, involving anastomosis of the residual colon to the anus with subsequent retention of con​tinence. This anal pull-through technique was then applied successfully to children with Hirschsprung's disease. The therapeutic success obtained in this way indicated that the underlying dysmotility of the recro-sigmoid was indeed the cause of the diseased colon. The removal of this dysfunctional part of the rectocolon has remained the principle of the surgical treatment of Hirschsprung's disease, although a variety of surgical procedures has been used.

The underlying pathology of Hirschsprung's disease was discovered when Whitehouse and Kernohan (1948) and Zuelzer and Wilson (1948) showed that the wall of the distal colon lacked enteric neurons. After the demonstration that the level of aganglionosis (congenital absence of parasympathetic ganglia cells) of the submucous plexus corresponds to that of the myenteric plexus, the safer suction mucosal biopsies supplanted full-thickness biopsies.
Hirschsprung's disease is defined as the absence of enteric neurons and the presence of hypertrophic nerve trunks in the distal bowel beginning with and including the internal anal sphincter. The aganglionsis extends over varying distances proximally but always includes the anus and at least part of the rectum. The incidence of Hirschsprung's disease is approximately 1 in every 5000 newborns.

Classification of Hirschsprung's disease

It is based on the distance from the internal anal sphincter encompassed by the aganglionosis, and distinguishes four classes:

1. The ultrashort segment, which involves only the anus and distal rectum below the peritoneal reflex​ion.

2. The short-segment or classic type, involving the anus, rectum and a part of the sigmoid colon.

3. The long-segment aganglionosis, involves the colon proximal to the sigmoid.

4. Zuelzer-Wilson disease involves the entire colon.

Apart from aganglionosis, hyperganglionosis pre​senting at different distances from the anus and upwards has been described, mimicking the same symptoms as in Hirschsprung's disease. Intestinal hyperglanglionosis, or neuronal intestinal dysplasia, is characterized by an above-average number of neurons in the submucous and myenteric plexuses and the pres​ence of hyperplastic parasympathetic nerve trunks. The abnormalities were initially thought to be confined to the colon, but later it was found that they can occur in the entire bowel.

There are two types of neuronal intestinal dysplasia: type A (15%) is characterized by hypoplasia or aplasia of the sympathetic innervation. The early clinical pre​sentation is characterized by acute onset of severe con​stipation, diarrhoea and enterocolitis. Type B (70%) is characterized by normal sympathetic innervation and presents late with chronic constipation. In 15% of the cases a combination of both types is found. In patients with the clinical symptoms characteristic for Hirschsprung's disease and ganglion cells on rectal biopsy, neuronal intestinal dysplasia should be suspect​ed as the underlying cause of the symptoms.

Pathophysiology. The development of the enteric nervous system starts in the rhombencephalic part of the neural crest. Neural crest cells develop in the dorsal part of the embryonic neural tube and migrate extensively. The embryonic enteric microenvironment harbours signals, recognized by the migrating neur​al crest cells, which enable them to migrate further through the gut to specific sites and differentiate into enteric neurons. The formation of the enteric nervous plexus is only part of the function of neural crest cells. As well as differentiating into other peripheral nerve cells and ganglia elsewhere in the body, the rhombencephalic neural crest cells are involved in the formation of differ​ent structures of ectomesenchymal origin, such as the craniofacial skeleton, the outflow tract of the heart, the adrenal medulla, the thymus and melanocytes.

A positive family history exists in 3,6% of all cases (females 7,2%. males 2,6%). If Zuelzer-Wilson disease is included, the incidence of familial occurrence rises to 21%. Two-generation transmission (from parent to child) is well recorded in the literature, and even three-generation transmission has been reported.

Genetic counselling should take into account the Mendelian inheritance of some syndromes associated with Hirschsprung's disease. Non-syndromic cases of Hirschsprung's disease are thought to be inherited in a gender-modified multifactorial mode. This term implies that the threshold of genes needed for expression of the trait in one gender is lower than in the other.

The incidence of anomalies associated with Hirschsprung's disease varies from 3,6 to 35%. The wide range is due to the diligence with which they are sought and the manner in which they are reported. 

At present, genetic mutations have been identified in three genes in patients with Hirschsprung's disease.

1. Mutations in the RET gene, encoding for a transmembrane tyrosine kinase receptor protein, are causative in cases of dominant forms of Hirschsprung's disease. Mutations in the RET gene are detected in about half of the familial cases and in 10-15% of the sporadic cases. The mutations are scattered all over the gene. They also occur in familial cancer syndromes such as MEN2A and MEN2B (multiple endocrine neoplasia). This could mean that these patients are at risk for MEN2 type of cancer as adults.

2. In few familial and some sporadic cases mutations have been detected in the endothelin-B receptor gene (EDNRB). Patients with homozygous mutations have not only Hirschsprung's disease but also Waardenburg syndrome type 2. Patients heterozygous for EDNRB mutations suffer from Hirschsprung's disease only.

3. The third gene that predisposes to Hirschsprung's disease is the gene that encodes the ligand for the ENDRB protein: endothelin 3 (EDN-3). Homozygous mutations in the EDN-3 gene are associated with a Waardenburg type 2 ghenotype.

The detection of mutations in the above-mentioned genes is time-consuming and depends on the screening methods that are used, i.e. single strand conformation polymorphism (SSCP) or denaturing gradient gel electrophoresis (DGGE). Until now mutations have been detected in only a few patients. Other genes have to be screened and the possibility cannot be excluded that Hirschsprung's disease is a polygenic disease, in which interactions of various gene products play an important role. Calculating the risks of recurrence is difficult and should be determined in each individual case. The exclusion of MEN2 mutations in the RET gene is important for follow-up.

Clinical features. In the neonatal period delay of the passage of the first meconium beyond 24 hours after birth in an otherwise healthy newborn is an important sign of Hirschsprung's disease. In Swenson's series, 94% patients with Hirschsprung's disease failed to pass meconium during the first 24 hours of life. Vomit​ing occurs in most newborns with Hirschsprung's dis​ease and is usually stained with bile.

Physical examination of the baby often shows a full-term healthy baby with a distended abdomen. When the little finger is gently introduced into the anus the rectal wall always feels tight and resists further probing. Abdominal distension was the second frequent sign of Hirschsprung's disease in neonates, in 87% in Swen​son's series, and constipation was found in 93% in the first month of life.

The appearance of diarrhoea predicts a worsening of the child's condition and is an early sign of the presence of enterocolitis. If enterocolitis is present, the baby is sick with a poor circulation and is dehydrated. The abdomen is distended, tense and painful. In the case of enterocolitis withdrawal of the examining finger from the anus leads to an explosive passage of flatus and foul-smelling liquid faeces. If the baby is otherwise in good condition additional investigations are required. In a sick baby with enterocolitis further investigations are limited to a plain X-ray of the abdomen, urgent medical treatment and decompression of the bowel.

Differential diagnosis. Although meconium plugs occur in about 1% of all newboms, only one in every 500 show symptoms. The low water content and low trypsin content of meconium plugs mimic both meconiym ileus and Hirschsprung's disease. Both diseases have to be ruled out before the plug can be regarded as a harmless event.

Colonic atresia also causes a low intestinal obstruc​tion, but here a barium enema will prove its real nature.

Functional intestinal obstruction in premature babies may cause symptoms mimicking Hirschsprung's disease. Gentle dilation of the anus and small enemas of saline or diluted gastrografin usually lead to sufficient bowel movements and passage of meconium. Invasive diag​nostic procedures such as suction biopsies and barium enemas should be avoided, especially in very tiny pre​mature babies, because of the risk of bowel perforation.

Investigations:
1. Barium enema studies have been regarded as not specific enough to diagnose infantile Hirsch​sprung's disease. The demonstration of a transitional zone is regarded as the most useful and reliable sign for Hirsch​sprung's disease, but false-positive results may be obtained. The delayed emptying of the colon 24-48 hours after the barium enema study can also be misleading. The appearance of irregular peri​staltic contractions in the aganglionic rectosigmoid, however, should lead to strong suspicions for the existence of Hirschsprung's disease. 

2. Anorectal manometry can be a reliable screening test for the exclusion of neonatal Hirschsprung's disease. However, a normal inhibitory reflex does not exclude Hirschsprung's disease.

3.  Suction biopsy of the rectal wall is a painless and simple procedure. It can be performed at the bedside without anaesthesia or sedation in the neonatal patient. The biopsy tube is introduced into the anus and positioned against the posterior bowel wall. By generating a negative pressure with the aid of a large syringe, biopsies of sufficient thickness can be obtained (mucosa, muscularis mucosae and if possible submucous tissue), without the risk of perforation. To determine the length of the aganglionic segment biopsies are taken at various distances from the dentate line (e.g. at 2, 3, 5 cm).

The suction biopsy specimen is carefully placed on a small piece of filtration paper with saline and quick-frozen in liquid nitrogen (-196°C). In order to prevent freezing artefacts the specimen is first placed in cooled isopentane. Staining of the enzyme AChE can be performed according to Karnovski and Roots (1964). This staining method, described by Meier-Ruge and co-workers (1972), demonstrated that an increase in AChE activity in the lamina propria and muscularis mucosae in suction biopsies of the rectal mucosa is pathognomonic for Hirschsprung's disease. The demonstration of AChE activity in cryostat sec​tions may be difficult to interpret as there may be excessive mucosal haemorrhage with increased red blood cell AChE activity.

The identification of enteric neurons remains important in the diagnostic process.

Normal low AChE activity in the lamina propria mucosae in the first 8 weeks of life does not exclude the diagnosis of Hirschsprung's disease. Negative mucosal biopsies within 8 weeks after birth in combination with a strong clinical suspicion of Hirschsprung's disease are an indication for repeated mucosal or full-thickness biopsies.

4. Full-thickness and/or partial-thickness biopsy is necessary if the result of suction biopsy does not provide a definite diagnosis of Hirschsprung's dis​ease, especially with persistent clinical symptoms. Such rectal wall biopsies require a general anaes​thesia. The anus is slightly dilated and one stitch is placed in the midline of the posterior rectal wall 1 cm above the pectinate line. A second stitch is placed 1 cm proximally, and another again 1 cm more proximal. Gentle pulling will cause the flop​py mucosa to come forward easily. The second stitch will serve as a stay suture for the mucosa to take a full-thickness biopsy horizontally from the posterior rectal wall. The other two sutures are used to hold the two edges of the created rectal wound and to serve the proper suturing of this wound with a few through-and-through haemo​static sutures.

The full-thickness biopsy specimen is fixed in formalin and routinely stained with haematoxylin and azophloxin. Ganglion cells and/or abnormal nerve fibres are then looked for. Part of the biopsy specimen may be quick-frozen and treated as described above to evaluate AChE.

Treatment in the newborn period. Ulcerative enterocolitis is the main threat for newborns suffering from Hirschsprung's disease. All measures should be aimed at prevention or treatment of this complication. Decompression of the stomach using a proper-sized nasogastric tube should prevent further vomiting and remove the risk of aspiration.

Reliable intravenous access is necessary to correct previous losses of water and electrolytes. Monitoring the urine production and analysing its content for electrolytes are extremely important to maintain homoeostasis.

As Clostridium difficile in the faeces is often associ​ated with the presence of enterocolitis, antibiotic treat​ment (vancomvcin) should be directed against this organism.

Rectal washouts and anorectal cannulation are important and often therapeutic in decompressing the lower intestines. If the child's condition is deteriorating, operative decompression should be considered as an emergency. This surgical approach should enable the surgeon to examine the entire colon. In severe cases of pseudomembranous enterocolitis in which the colon is purulent and gangrenous, total colectomy can be a life-saving procedure. In less serious cases a colostomy is usually sufficient. Most surgeons prefer a routine right-sided transverse colostomy. When good pathology service is available an end colostomy just proximal to the transitional zone is preferable. In patients with long-segment aganglionosis an end colostomy as a colon-saving procedure is the treatment of choice.

Corrective surgery is carried out later under protec​tion by the earlier transverse colostomy, or without in the case of a previously made end colostomy.

When the patient is well and does not show symp​toms of enterocolitis, several methods of treatment are available.

In most series operative treatment in the neonatal period is limited to enterostomies followed by definitive corrective surgery just before or after 1 year of age.

Primary corrective surgery was advocated by Carcas​sonne and co-workers in 1982. All accepted sur​gical procedures can be used with comparable good results (Duhamel, 1956; Swenson, 1959; Rehbein and Nicolai, 1963; Soave, 1963). There is a slight prefer​ence for Duhamel's technique but a primary Swenson's resection and pull-through has also been used. An interesting new stapling technique for the Duhamel-Martin procedure has recently been introduced (1993) using the EndoGIA sta​pling device instead of the original GIA instrument. This technique allows for the Duhamel procedure to be carried out safely without using a pro​tective colostomy, even in neonates.

The principle of the Swenson-Hiatt's operation consists in the following. Before resection, the segment of the large intestine is mobilized distally, to a distance of 3-5 cm from the anus anteriorly and a little more (to a distance of 1.5-2 cm from the anal skin) on the posterolateral surfaces. An oblique anastomosis is then established extraperitoneally (Yu. F. Isakov) by two-stage evagination of the mobilized part of the intestine through the anal opening. Extraperitoneal resection of the aganglionic segment and the dilated part of the large intestine is performed.

Serious complications such as urinary and partial faecal incontinence may occur in the Swenson-Hiatt operation, which is linked with manipulations in the region of the nerve plexuses of the pelvic floor during exposure of the rectum.

With Duhamel's method the rectum is divided above the dilatation, its lower end is closed with sutures, the upper (proximal) end is brought out through a canal formed between the sacrum and rectum to the sphincter ani externus muscle. At a distance of 0.5-1 cm from the junction of the mucosa and the skin on the posterior semicircumference of the anus, the mucous membrane is separated upward for 1.5-2 cm. A cut is then made through all the coats of the rectum and the sigmoid colon is brought downward onto the perineum through the "window" thus formed. G.A. Bairov introduced significant modifications into this method. After applying retractor sutures to the anterior wall of the transposed intestine and the posterior wall of the rectum, the aganglionic zone and part of the dilated intestine are resected. A special crushing clamp promoting spontaneous anastomosis is applied to the formed "spur".

The main stage of Soave's operation consists in separation of the sero-muscular coat of the aganglionic zone from the mucous coat for almost the whole length (to a distance of 2-3 cm from the sphincter ani internus muscle). The large intestine is evaginated through the anus onto the perineum by drawing it through the muscular cylinder of the rectum. The evaginated intestine is resected leaving a small freely hanging segment 5-7 cm long. The redundant part of the intestine is cut off in a second stage 15-20 days after the sutureless anastomosis has formed.

The main advantage of this method is that the intestine is brought downward through the natural anorectal canal as a result of which the anatomical structures around the rectum are not damaged.
Special attention is required for the operative treat​ment of patients with total aganglionic colon. Here a varying part of the distal ileum is often involved in the aganglionosis. An ileostomy is often unavoidable. This should be placed in ganglionic ileum only. The appear​ance of the ileum during the operation may be mislead​ing, therefore correct peroperative histology is necessary. End ileostomy in definitive ganglionic tissue for a short period, used to improve the infant's condi​tion, is preferable, followed by definitive corrective surgery as soon as possible.

All the reported cases of total intestinal agangliono​sis share a fatal outcome; however, in one patient with multiple myotomies, Ziegler and co-workers (1987, 1993) achieved a survival of over 18 months.

Treatment of neuronal intestinal dysplasia can be very frustrating. A rapid clinical deterioration may require an urgent enterostomy although regular daily enemas are a more preferable method of treatment.
Results. Over the years per​sistent constipation was reported in 10-20% of patients. Incontinence of variable degree was reported in 50% of patients.

From the few long-term studies it appears that no operative technique can claim definitive cure of Hirschsprung's disease. It has become clear that patients require long-term supervision and help, and free access to clinics with expertise in defaecation disorders should be available.

Congenital anorectal anomalies

The incidence of anorectal anomalies is approximately l:5000 live births. The male-to-femalt ratio was estimated as 55:44.

Classification. There are many varied and complicated classifications in use. None of which, unfortunately, has been accept​ed internationally. For practical purposes the question to answer is: “does the bowel end above the pelvic diaphragm”, i.e. a 'high' anomaly, or “has the bowel almost completed its normal development”, and is the problem one of stenosis or ectopia of the anal orilice, i.e. a “low” anomaly? An “intermediate" group is also identified in some classifications.

Abnormal embryonic development of the hind gut, the urogenital sinus and the Mullerian duct system may result in anomalous connections (fistulae) between the urinary and intestinal tract. The Mullerian duct system (the future vagina, uterus and Fallopian tubes) develops between the urinary tract and hind gut. Aberrant development in females may result in a fistula between the bowel and the vagina, but the never bowel and the uri​nary tract as in males.
Embryology. The exact mechanism of the formation of the anorectum in early embryonic life has remained controversial and hypothetical. Until recently, two main events were iden​tified which were thought to be responsible for the dif​ferentiation of the cloaca. First, the cloaca is septated by a downwards growing urorectal septum, which divides the cloaca into a urogenital and urorectal part. The prime disagreement was whether the division took place by a downward frontal septum (Torneux fold), a median fusion of two lateral ridges (lateral fold of Rathke), or a combination of both, the cloacal mem​brane then being divided into a separate anal and uro​genital membrane. In the male a second fusion follows and the anogenital folds fuse to form the perineal and scrotal raphe and the penis.

Van der Putte (1986) have shown that the previous theories are not tenable. The course of events is as follows. In young embryos (9-13 mm) the cloaca presents itself in the most characteristic form. The future urinary pas​sages, the destined anorectum and the tailgut open into the cloaca. The cloaca is separated from the amniotic cavity by the cloacal plate, which consists of a multi-layered solid epithelium. The cloacal plate extends dorsally to the tailgroove and ventrally to the tip of the genital tubercle. The “urorectal septum” is not a true septum but a large mesenchymal mass with two tubular structures, the unfolding urinary and anorectal pas​sages, which open into the cloaca. The “uroenteric region” would be a more appropriate term for the “urorectal septum’.

Three major processes now take place: (a) a distinct enlargement and ventral growth of the genital tubercle, (b) degeneration of the tailgut and adjacent dorsal cloaca, and (c) lateral stretching and thinning of the dorsal part of the cloacal plate. There is no downwards growth or lateral infolding of the urorec​tal septum or uroenteric region to divide the cloaca. In the older embryo (15-18 mm) the urorectal septum was observed never to fuse with the cloacal plate. The previously described apparent downwards growth of the urorectal septum is brought about by the changes which occur in the dorsal part of the cloacal membrane. When the thin dorsal part of the cloacal membrane breaks, the future urinary and anorectal tracts are exposed simulta​neously. The urorectal septum broadens and the dis​tance between the anorectal and urogenital openings increases. The urogenital opening maintains its position with the tip of the tubercle. In the female this results in a narrow raphe, whereas in the male the raphe is broad. Fusion of the urogenital folds is not seen. In this period dense mesenchyme around the intestines indicates the develop​ment of a smooth muscle layer. The primordia of the external sphincter and levator ani can just be recognized at the end of this period. From now on the relationships exist and further maturation occurs.

In embryos with an abnormal anorectum the striking difference is found in the cloacal plate, which does not reach the tailgroove. Between the dorsal part of the cloacal plate and tailgroove a mass of mesenchyme is detected instead of epithelium. Because the dorsal part of the cloacal membrane regulates the site of the future anorectum, an abnormal ventral position of the anal opening results. The size of the mesenchymal mass in the dorsal cloaca plate will determine whether the anorectal anomaly is “low” or “high”.

Clinical features

MALES. A careful search should be made for any communication of the bowel with the skin. When found, this track may be seen to be filled with air, white epithelial pearls or black meconium, and may be situated anywhere from the normal anal site to the tip of the penis. The presence of a “bucket-handle” always indicates a “low” anomaly. The urethral opening is inspected and urine collected, to establish whether or not meconium is present in the urine. Meconium may be visible either macroscopically or, on microscopic examination, as squamous or epithe​lial cells in the urine. Meconium in the urine establishes the existence of a fistula between the bowel and urinary tract. The configuration of the perineum may be either “flat”, with bulging on crying, or more normal looking, with a deep intragluteal groove and anal dimple. The shape may help in determining whether the lesion is “high” or “low”, but is more useful as a clue to the under​lying development of the muscle complex.

FEMALES. The perineum is inspected so that it can be established whether the anus is in the normal site or “ectopic” in posi​tion. An ectopic anus is situated less than one-third of the distance between the fourchette and coccyx. It is deter​mined whether there are one, two or three orifices present which, in the newborn, is not always as easy as it sounds. If the anus is not in the normal site, is the opening with​in the vagina above the hymen, between the fourchette and hymen, or ectopically placed and surrounded com​pletely by dry perineal skin? The infant's back is exam​ined to exclude a spina bifida or a vertebral anomaly. The tip of the coccyx is palpated and a note is made of whether the buttocks are flat with little or no natal cleft, suggestive of sacral agenesis. These bony anomalies will be visible on the plain X-ray. Perineal sensation and the presence of a functioning sphincter are assessed by pinprick or nerve stimulation of the perineum.

Assessment of other visceral anomalies. The acronym VATER, or the expanded VACTERL, is a useful reminder of the other systems that are most like​ly lo he involved in anorectal anomalies, and which need careful examination. The acronym is made up from the first letter of the system involved: vertebral, anal, cardic, tracheo-oesophagcal, renal and limb anomalies. If three or more of the anomalies are present, the child is said to suffer from the VATER or VACTERL syndrome. Since 10% of anoreclal anomalies have concomitant oesophageal atresia, a 10 FG nasogastric tube should always be passed if there is any doubt, or if the baby has symptoms suggestive of oesophageal atresia. All chil​dren should, at the earliest convenient time, have an ultrasound or intravenous pyelogram (IVP) assessment ol the urinary tract to exclude an anomaly, as the inci​dence is very high, varying from approximately 20% in “low” (anal) lesions lo 50% in “high” (rectal) lesions.

As many as 30% of anorecial anomalies will have an abnormal spine or sacrum. The vertebral deformities are in the form of butterfly, dysplastic or hemivertebrae, anywhere along the length of the spine. The sacral abnormality may be symmetrical or asymmetrical. A minimum of three sacral segments is required for nor​mal faecal and urinary continence. 

Diagnosis. Careful inspection of the perineum in a good light sup​plemented by a malleable silver probe will help in the examination of the various fistulae and orifices.

Radiology (non-contrast). The most commonly used X-ray remains the classical “invertogram” described by Wangenstein and Rice (1930). More recently, a lateral X-ray with the buttocks raised has proved to be equally diagnostic, and does not require the baby to be held upside down for 3 min. The purpose of the X-ray is to determine the distance of the blind pouch or the fistula from the perineum, and also to judge the relation​ship of the blind ending pouch to the pelvic diaphragm and the striated muscle complex. The X-ray must be a true lateral centred over the greater trochanter, and the film should include the pubis, sacrum, coccyx and per​ineum. The anal site should be marked with a smear of thick barium paste. Gas may he seen in the bladder, urethra or in a subcutaneous tract, indicating a connection with the bowel.

Radiopaque  dye studies.To delineate accurately the anatomy of the fistula radiopaque dye can be injected into the orifice. If a colostomy is present, a distal loopogram should be performed prior to any definitive surgery. A Foley balloon catheter is inserted into the distal loop of the colostomy and inflated. The dye must he injected by syringe, in order to raise the hydrostatic pressure in the distal segment. Not using hydrostatic pressure may fail to outline the level of the lesion accurately or demonstrate a fistula.

In the minority of cases (approximately 15%) there is no fistula and the lesion is thought to be “low” or “inter​mediate” on plain X-ray. In these patients needle aspira​tion of the perineum, in the midline, is a worthwhile procedure. If meconium or gas is encountered, contrast can he injected. The fistula may be demonstrated by micturition cystography, either via a catheter into llie bladder or by injection of contrast retrograde from the tip of the urethra.

NOTE!  For correct interpretation, the terminal gas shadow of the atretic bowel must be smooth and rounded. This indicates complete filling and displacement of all the distal meconium. The X-ray should be taken preferably more than 24 hours after birth, as gas does not reach the rectum much before this time.

Sticky meconium occupying the distal bowel may lead to errors in interpretation as to the level of the lesion.

A strong contraction of the levator complex at the moment of X-ray causes occlusion of the anal canal and may give a totally wrong impression of the length of a fistula or the presence of an anal canal.

Gas may escape through a fistula to the skin, urethra or vagina, thereby preventing full distension and outline of the rectum.

Other investigative methods. Ultrasound scanning of the pelvis via the perineum may demonstrate the type and level of anomaly. This technique has not received wide application and needs an experienced operator for interpretation.

Computerized axial tomography and magnetic reso​nance are now being used more often to demonstrate the anorectal anatomy and striated muscle complex. The baby is small enough to be placed sagittally in the opening of the scanner to obtain a midline, rather than a transverse scan.

Electromyography of the external sphincter by bi​polar needle electrodes inserted into the perineum is also being used to determine the presence of the striat​ed muscle complex.

Endoscopy of the urethra or vagina provides further information on the size and site of the fistula, and is best carried out at the start of the definitive operative procedure.

Treatment

Colostomy. As there is a definite morbidity and mortality associated with colostomy, the operation should never be per​formed, unless strictly necessary. A colostomy is needed for all “high” lesions, with an occasional exception. Con​troversy exists regarding the use of colostomy in the “intermediate” lesions. A colostomy should never be required in “low” lesions. Several important precautions are needed in the establishment of a colostomy. It should be defunctioning. A simple sigmoid loop colostomy, sited in the left iliac fossa, leaving enough distal sigmoid colon for the subsequent definitive pull-through opera​tion, is satisfactory. Some authors insist on complete division of the colon with separation of the loops by a skin bridge. In most cases this is not necessary, espe​cially if the definitive surgery is performed early in the neonatal period and the colostomy closed within a few months. When creating a colostomy the marginal blood supply must be carefully inspected and preserved, so as not to compromise the distal bowel on subsequent clo​sure of the colostomy. At the time of colostomy the dis​tal loop must be washed out until completely emptied of meconium. Normal saline or 1% aqueous betadine can be used for the washout. In a loop colostomy the distal segment can refill because of overspill and must be kept empty, by further washouts, if necessary.

General surgical principles. The surgeon should not operate until he or she is certain as to the exact anatomy of malformation present. The algorithms shown in Figs 6 and 7 outline the management in the male and female infant with an anorectal anomaly.
The following three main positions of the patient on the operating table are used:

(a) The 'jack-knife' position: the baby is placed prone with the buttocks raised by a sandbag under the pelvis. Two small pads are placed under the shoulders to prevent hyperextension of the neck.

(b) The lithotomy position.

(c) A modified lithotomy position: if the baby is a neonate or too small, then this position can be used by strapping the feet and legs together across the lower abdomen.

The bowel should be mechanically cleansed and steril​ized with 1 to 2% aqueous povodine iodine just before surgery. Warm solutions should be used at all times to prevent further heat loss from the baby.

Preoperative gut sterilization using antibiotics is not necessary. Metronidazole and cloxacillin, or a similar combination, started with the induction of anaesthesia and continued for 3-5 days, usually suffices as a “pro​phylaxis’. Operating with magnification, using a loupe or a dissecting microscope, is to be recommended.

Electrostimulation during the operation is essential to identify functioning bands of muscle. The anaesthetist's peripheral nerve stimulator is capable of delivering 60 mA. In older children or those with a lot of scar tis​sue, especially during secondary operations, a stimula​tor capable of delivering up to 240 mA may be necessary.

Postoperative management. The success of most anorectal operations depends on a very careful, personal, meticulous and prolonged follow-up by the surgeon. Faecal contamination of the area may be prevented by a diverting colostomy. As stated previously, a colostomy is not always necessary and careful bowel preparation together with a low-residue diet preoperatively may be equally effective. When the bowel starts to function postoperatively and faecal soiling occurs, the area should immediately be irrigated with normal saline. It is preferable to use a hand-shower, if the patient can be transported to the appropriate bathroom. Sitting on the perineum exerts a tremendous lateral force on the midline suture lines and should be avoided for the first week to 10 days postoperatively. Nylon skin sutures rather than subcuta​neous absorbable sutures are recommended, and should be left in situ for at least 10 days.

Catheterization of the patient for 3-4 days postoper​atively lessens the overall movement of the patient and helps to protect the suture line from excess force, there​by allowing primary healing. When healing has occurred, at approximately 10 days, dilatations are started. With the possible exception of the first dilata​tion, local anaesthetic cream or no anaesthetic is better and safer than a traumatic forceful dilatation under gen​eral anaesthesia. The dilatations must be gentle and graduated. Increasing the size too rapidly and causing bleeding and tearing is to be avoided, as in the long term more scarring and fibrosis will occur. Dilatations must continue for several months until the anus is soft and supple. A regime of daily or twice-daily dilatations for 1-2 months then decreasing to once a week for 3-6 months is suitable. The ideal size of the anus at which to aim can be determined from the formula: 1.3 + (weight in kg x 3), roughly 3-4 mm diameter (No. 11-12 Hegar size) in the newborn.
Optimal age for the definitive operation. In “low” anomalies in both male and female infants sim​ple dilatation or an anoplasty to widen the orifice can be performed in the immediate neonatal period. In “high” anomalies, due to intestinal obstruction, a colostomy is necessary, usually within the first 24-48 hours.

Once the obstruction has been relieved the timing of the definitive pull-through operation is optional and remains controversial. At present many surgeons still believe that the operation is safer for the delicate sphincteric complex, and the anatomical structures better defined, if the surgery is deferred until about 9-12 months of age. 

Until recently it was accepted world-wide. With the advances in anatomical knowledge, magnification and the use of a muscle stimulator at operation, this is no longer true. Several authors have shown superior results in those children treated early, within the first 3 months of life. The reason for this may lie in the postnatal development of synapses within the brain. If the bowel is placed in the correct site before 3 months of age appropriate cortical connections may develop and the outcome may improve.

After performing a colostomy in “intermediate” anomalies, the definitive surgery can be delayed to suit the surgeon's preference. Otherwise, an operation in the neonate is needed to relieve the obstruction.

Management of cloacal anomalies.  Colostomy is always necessary. Relief of the urinary and vaginal obstruction may require vesicostomy and drainage of the mucocolpos. The repair is best delayed until the child is about 6 months old. Even in the very experienced hands of a surgeon such as Pena, a total reconstruction may take 4-12 hours to complete.

Surgical techniques for anorectal anomalies. In low anomalies a simple ”cut-back”, i.e. one blade of the scissors placed in the tract and a cut made in the midline, or a more elaborate Y-V plasty will widen the anal opening. If repositioning of the anus is required some form of transplant of the anal canal is needed.

In high anomalies the abdominoperineal pull-through was used in the 1960s. This was superseded by the sacroperineal pull-through in the 1970s. In 1982 Pena and de Vries described the posterior sagittal anorectoplasty which was based on Bodenhamer's (1860) operation. This procedure is the most widely practised at present and can also be employed for the more complicated cloacal deformities.

Criteria of faecal continence. Clinical criteria can be used and classifications such as “excellent”, “good”, “fair” or “poor”, have been used to describe the author's range of near normal control to total incontinence. It is doubtful whether any child with a “high” anomaly ever achieves perfect faecal continence. By “perfect” or “excellent” control, one implies that there are no acci​dents or faecal soiling, with either solid or liquid stools, controlled passage of flatus, no constipation and no use of laxatives or enemas.
The clinical assessment may be supplemented by a scoring system based on certain X-ray findings on con​trast examination. During the contrast examination the amount of leak around a 24 FG catheter, rectal sensa​tion on filling and degree of puborectalis contraction are evaluated. Several authors regard the data obtained by detailed physiological electromanometry studies as the most accurate way of measuring and expressing the degree of continence. The parameters which are recorded include the rectosphincteric relaxation reflex, “the rectosphincteric contraction reflex” of the external anal sphincter, “the anorectal resting profile”, “the anorectal squeezing pressure profile”, and “the rectal adaption reaction”.

There is definite evidence of improvement in conti​nence with the passage of time. Patients should prefer​ably be more than 10 years old before a final assessment of their faecal continence is made. British authors have presented results indicating 70% 'good', 18% 'fair' and 12% 'poor' for 'high' lesions 

More attention needs to be directed to the outcome of 'low' anomalies, where 100% 'good' results should be anticipated, but 15-20% of children still have problems with defaecation.

Types of surgery depending on forms of anorectal malformation

	Type of an anorectal malformation
	Terms of surgery
	Type of an operation

	I.  Ectopia of the anus – low forms

	1. Perineal
	3-4 months
	Anteroperineal proctoplasty

	2. Vestibular
	3-4 months
	Posterosagittal proctoplasty

	II. Atresia of the anus and rectum without fistulas

	1. Low forms

	a) Impertorate anus
	From the 2d day of life
	Excision of the anal membrane

	b) Atresia of the anal canal
	From the 2d day of life
	Perineal proctoplasty

	2. Intermediate forms

	a) Atresia of the anal canal and rectum
	From the 2d day of life

From 3-4 months
	Separated colostomy in the descending colon

Posterosagittal proctoanoplasty

	b) Atresia of the rectum with normal anus
	
	

	3. High forms

	a) Atresia of the anal canal and rectum
	From the 2d day of life

From 3-4 months
	Separated colostomy in the descending colon

Posterosagittal-abdomino-perineal proctoanoplasty

	b) Atresia of the rectum with normal anus
	
	

	III. Atresia of the anus and rectum with fistulas

	1. Low forms

	a) On the perineum: - girls

                                 - boys
	From 6-12 months

From 6-12 months
	Anteroperineal proctoplasty or posterosagittal proctoplasty

Posterosagittal proctoplasty

	b) Into the vestibule of the vagina
	From 3-4 months
	Posterosagittal proctoplasty

	c) On the penis, scrotum
	From 3-4 months
	Posterosagittal proctoplasty

	2. Intermediate forms

	a) into the vagina (lower third)
	From the 2d day of life
	Bougienage of the fistula

	
	From 3-4 months
	Posterosagittal proctoplasty

	b) into the urethra (membranous part)
	From the 2d day of life
	Separated colostomy in the descending colon

	
	From 3-4 months
	Posterosagittal proctoplasty

	3. High forms

	a) into the vagina (middle and upper third)
	From the 2d day of life

From 6-12 months
	Separated colostomy in the descending colon

Posterosagittal-abdomino-perineal proctoanoplasty

	b) into the uterus
	
	

	c) into the urethra (prostatic part)
	
	

	d) into the bladder
	
	

	e) cloacal forms of atresia
	
	

	IV. Congenital fistulae in normally formed anus

	1. Low forms

	a) On the perineum
	1-2 years
	Extirpation of the fistula

	b) Into the vestibule of the vagina
	1-2 years
	Invaginated extirpation of the fistula

	2. Intermediate forms

	a) into the vagina
	From 3-4 months
	Removal of the fistula through the anteroperineal access

	b) into the urethra
	
	

	3. High forms

	a) into the uterus
	From 3-4 months
	Removal of the fistula through the laparotomy

	b) Into the bladder
	
	

	V. Congenital stenosis

	1. Low forms(anal)
	From the moment of revelation
	Bougienage of the stenosis

	
	From 3-4 months
	Perineal proctoplasty, if conservative therapy has failed

	2.Intermediate forms (anorectal)
	From the moment of revelation
	Bougienage of the stenosis or colostomy

	
	From 3-4 months
	Posterosagittal proctoplasty, if conservative therapy has failed

	3. High forms (rectal)
	From the moment of revelation
	Bougienage of the stenosis or colostomy

	
	From 3-4 months
	Abdomino-perineal proctoplasty by Romualdi-Rehbein, if conservative therapy has failed


Duplications

Duplications of the gastrointestinal tract are considered uncommon congenital anomalies usually diagnosed or unexpectedly encountered intraoperatively during the first two years of life. The duplicated bowel can occur anywhere in the GI tract, is attached to the mesenteric border of the native bowel, shares a common wall and blood supply, coated with smooth muscle, and the epithelial lining is GI mucosa. May contain ectopic gastric or pancreatic tissue. Most are saccular, other tubular. Theories on their origin (split notochord syndrome, twining, faulty solid-stage recanalization) do not explain all cases of duplicated bowel. Three-fourth are found in the abdomen (most commonly the ileum and jejunum), 20 % in the thorax, the rest thoraco-abdominal or cervical. Symptoms vary according to the size and location of the duplication. Clinical manifestations can range from intestinal obstruction, abdominal pain, GI bleeding, ulceration, or mediastinal compression. Ultrasound confirms the cystic nature of the lesion (muscular rim sign) and CT the relationship to surrounding structures. Management consist of surgical excision avoiding massive loss of normal bowel and removing all bowel suspect of harboring ectopic gastric mucosa.

Intussusception

Intussusception, i.e. the invagination of the bowel with​in itself causing intestinal obstruction, was described in detail by John Hunter in the eighteenth century (Hunter, 1793). In 1871, Hutchinson, who had been opposed to surgery in young children for relief of intestinal obstruction, oper​ated successfully on a 2-year-old child. He reduced the intussusception and achieved the recovery of the child instead of the usual rapidly fatal outcome. Another successful operation on a 7-month-old infant after initial attempts at reduction of the intussus​ception by hydrostatic or air insufflation methods had failed was reported by Marsh (1876). In the same peri​od, Hirschsprung in Copenhagen was rationalizing and standardizing the non-operative treatment by hydrosta​tic reduction in a young patient. With this method, he achieved very successful results, reporting a mortality of only 35%.
The incidence of intussusception varies from 1.5 to 4.3 per 1000 live births. The peak incidence occurs between 4 and 10 months of life, and two-thirds of patients presenting under 1 year of age. Most of the series report a preponderance of males, with the male-to-female ratio ranging from 3:2 to 2:1. The majority of cases are ileo-colic intussusception, and a few are jejuno-jejunal or ileo-ileal intussusception.
Clinical features. Classical presentation of intussusception is of an other​wise fit and well-nourished infant with sudden onset of signs and symptoms. The classical presentation is of vomiting, intermittent abdominal pain, passage of blood per rectum and a mass palpable in the abdomen between the spasms of pain. The infant becomes lethargic. A less common sign at presentation is diarrhoea and prolapse of the intus​susception (often mistaken for rectal prolapse).

Signs and symptoms of patients with intussusception

	Symptom
	Percentage of patients

	Vomiting
	80

	Pain
	78

	Mass
	65

	Bleeding
	61

	Diarrhoea
	16

	Palpable mass per rectum
	4


The vomiting is initially of gastric contents. If there is delay in the diagnosis, intestinal obstruction becomes superimposed. The vomitus may become stained with bile. Other signs of intestinal obstruction also super​vene. Abdominal pain is marked and with each spasm of pain the infant draws up his legs and becomes pale. This pallor is often striking. After these spasms of intestinal colic, the infant becomes more lethargic between the recurrent bouts. The characteristic stool of the infant admitted with intussusception is described as being like redcurrant jelly. This is due to the excess mucus secreted from the intussuscepted bowel due to early venous congestion.

Blood then passes into the lumen of the colon and may mix with some mucus, hence the production of this red​dish jelly. The infant's bowels usually move after the initial spasm of pain. There may be no blood in this stool and the blood may appear only on subsequent motions. Some infants do not have a bowel action and blood may be found on the examiner's glove following rectal examination. This sign is less frequent than that of vomiting or pain, and occurs in just over half of patients. It is important to real​ize that not all signs and symptoms are present in many patients, and vigilance is necessary to prevent delay before the diagnosis is established. The presence of diarrhoea can be particularly misleading.

Pathology. There has been much discussion on the aetiology of intussusception. In a few patients, a specific lead point is found, such as a Meckel's diverticulum, heterotopic pancreatic tissue, intestinal polyp, enterogenous cyst, adenoma, neurofibroma, Henoch-Schonlein purpura, coagulation disorders and hypertrophy of the lymphoid tissue. This latter condition may be a com​mon cause of intussusception. The distal small bowel, being the site of large collections of lymphoid tissue, is also the usual site of initiation of an intussusception. It may be that hypertrophied Peyer's patches protrude into the lumen of the bowel during waves of peristalsis, ini​tiating the intussusception, and once the intussusception has commenced in the lower ileum, recurrent activity of the bowel feeds the intussusception through the ileo-caecal valve and for a variable distance along the colon. Viral infections have been widely incriminated as causative of the lymphoid hyperplasia, but proof of this is lacking.

The intussuscepted bowel undergoes impairment of its blood supply as the mesentery of the enfolded bowel is compressed within the tunnel thus created. If allowed to persist, this may proceed to venous obstruction, fol​lowed by arterial obstruction. As a consequence, gangrene of the intussusceptum may occur.
Diagnosis. Diagnosis is made primarily on the basis of the history followed by careful clinical examination. The typical signs are a lethargic baby in whom a sausage-shaped mass is felt across the mid-abdomen when one palpates the abdomen between spasms. It is not always easy to palpate the mass and often each time pressure is applied through the abdominal wall on the mass, the infant tightens the rectus muscles and the clinician can only appreciate that there is an area of tenderness in the ascending or transverse colon.
Investigations, which .are helpful in establishing a diag​nosis, are abdominal X-ray, ultrasound examination and contrast enema. The abdominal X-ray may show the soft tissue mass in the colon with dilated loops of small bowel in the right lower quadrant. The diagnosis should be made before the plain films show marked changes of low intestinal obstruction. Ultrasound examination has been very useful in confirming the diagnosis of intussusception and the addition of colour Doppler to the ultrasonic examina​tion can assist in defining the viability of the bowel. Ultrasound of intussusception shows the pseudokidney sign.

Contrast enema for diagnosis, largely with barium studies until the 1990s, has been replaced by the use of air insufflation. Either hydrostatic or air techniques are used for diagnosis and then continued as a therapeutic procedure to reduce the intussusception in the majority of patients.

Treatment. Not all infants or children who develop an intussuscep​tion require active intervention. Spontaneous reduction of intussusception has been described and visualized using ultrasound examination. Intussuscep​tion occurs in patients with cystic fibrosis and they seem to have a high rate of sponta​neous reduction. In the majority of infants, intus​susception does not reduce and requires active therapeutic intervention.

Essential initial treatment of intussusception is to ensure that the infant has an adequate circulating volume. Development of the intussusception causes a significant early loss of fluid from the circulation into the bowel and the baby seldom shows the classical signs of dehydration. However, simple measurement of peripheral skin temperature will reveal a difference of more than 3°C between peripheral and core tempera​tures, indicating hypovolaemia. Rapid intervention should be undertaken to replace the intravenous fluids by crystalloid, colloid or plasma, until the core peripheral temperature difference is less than 3°C. If the baby has been vomiting a nasogastric tube is passed and the stomach emptied. Once stabilized, further confirmatory tests for the clinical diagnosis of intussusception are performed and continued to definitive treatment.

Non-operative management. Barium or air enema is carried out under screening and following confirmation of the diagnosis is continued as a therapeutic procedure. With barium, the reservoir is kept at 30 cm above the patient's buttocks and the pres​sure of the column of barium into the bowel pushes the intussusception back.

For the intussusception to be completely reduced the colon must be filled out normally and there should be reflux along the ileum for some distance. Air currently has many protagonists advising that air enema is a safer and more successful therapeutic method of treatment. Again, the important point is to ensure that excess pressures are not induced within the lumen of bowel as perforation may occur. Gradual and steady pressure not exceeding 120 cm of water is suc​cessful in reducing the intussusception in the majority of patients. Pressures above this are more likely to induce perforation. The use of gas enema reduction has been successful in patients with symptoms less than 18 hours and absence of small bowel obstruction. Small bowel aeration is a sign of complete reduction. These non-operative methods in the reducible intussusception obviate a laparotomy, but they do have a higher recurrence rate than those treated by operative reduction. The highest success rates recorded was 95%.

Operative management. Infants and children in whom there has been failure of the conservative approach of management require surgery. A second group requir​ing operation comprises those who have peritonism at presentation. This group should not undergo a thera​peutic enema reduction attempt as the infant may have gangrenous or potentially gangrenous bowel in which perforation would be predicted.

With the stabilized infant under general anaesthesia, laparotomy is performed through a right transverse inci​sion just above the umbilical level. The intussusception may be reduced by gentle finger pressure on the apex of the intussuscepted bowel in the descending or trans​verse colon, often without needing to bring the bowel out of the abdominal cavity. The intussusception should be pushed back from the distal end (like a tube of toothpaste), and not pulled at the proximal entrance. Reduction is often easily achieved as far as the ascending colon but further reduction may then be difficult. The intussuscepted bowel can then be brought on to the surface and by pressure of the bowel reduction is usually possible. If during this process there is splitting of the serosa, these areas are best oversewn before returning the bowel to the abdominal cavity. If there is a pathological lead point, resection is performed. If the bowel cannot be reduced, the intussuscepted segment is resected and the bowel reconstituted with end-to-end anastomo​sis. If the bowel is reduced but appears of doubtful viability, it is best to return it to the abdominal cavity and wait for 15 min before inspecting it again. Reinspection may reveal a substantial improvement in the discoloured bowel and a decision to leave it or to resect needs to be made at this time. It should be noted that it is common for the bowel to be very bruised and it may be quite discoloured from haemor​rhage into the wall. Bowel which in an adult one would consider must be resected is often quite viable in the infant, who has greater powers of recovery. Careful postoperative surveillance is necessary in this latter situation if resection is not performed, as delayed perforation of the bowel may occur within the next week.

With the current expertise in fluid, electrolyte and nutritional management, there is rarely inclination for staged operative procedures such as the Mikulicz pro​cedure or for a side-to-side anastomosis. The decision to remove the appendix at the time of laparotomy is an arbitrary one on which surgeons hold various views, but for which there is little evidence to justify either removing it or leaving it in situ.

Results. The results of treatment of intussusception show the higher rate of successful non-operative management by air enema than by barium enema. Reduction by operation is usually successful but resection rates have increased to 17% as a consequence of the limited number of patients submitted to operation. Recurrence rates have been highest following hydrostatic reduction and lowest following surgery, with pneumatic reduction intermedi​ate (6%, 3% and 4%, respectively). An additional com​plication of operative reduction is subsequent intestinal obstruction due to adhesions. Mortality overall is under 1% and should decrease further. The majority of these patients had avoidable factors which if suc​cessfully addressed could result in further reduction in the mortality. These factors were delay in diagnosis, inadequate intravenous fluid administration, inadequate antibiotic therapy, delay in recognizing recurrent or residual intussusception, particularly in patients with non-operative reduction, and surgical complications.

Adhesive Intestinal Obstruction

Any operation on abdominal organs is accopmpanied with formation of adhesions, which are commonly asymptomatic. The incidence of postoperative adhesive obstruction after laparotomies is about 2%. Adhesions are fibrous bands of tissue that form between loops of bowel or between the bowel and the abdominal wall after intraabdominal inflammation. Obstruction occurs when the bowel is “caught” within one of these fibrous bands in a kinked or twisted position, twists around an adhesive band, or herniates between a band and another fixed structure within the abdomen.
Classification of adhesive Intestinal Obstruction
	Type
	Terms of development after surgery
	Period of non-operative management

	1. Early

    A) obturation-paretic

    B) simple
	1-6 days

7-14 days
	12-24 hours

6-12 hours

	2. Delayed
	14-28 days
	3-6 hours

	3. Late
	Over 1 month
	2-4 hours


Clinical presentation. Children with a mechanical obstruction present with cramping abdominal pain, distension, and vomiting. For prolonged history the vomitus becomes bilious or even feculent. Inspection of the abdomen may reveal obvious dilated loops of bowel and distension. If observed early in the clinical course, the patient’s vital signs are within the normal range and the abdomen is not tender. In contrast, children with compromised bowel or a prolonged obstruction, present with abdominal pain, vomiting, fever, tachycardia, decreased blood pressure, abdominal tenderness, and leukocytosis.

Diagnosis. The differential diagnosis is dynamic ileus versus mechanical obstruction. Nonsurgical, inflammatory and metabolic conditions that may result in ileus must be considered. Blood is drawn and sent for Hb, WBC and differential, amylase (pancreatitis), liver function tests (hepatitis) and bilirubin (biliary tract disease). Urinalysis (urinary tract infection, nephritis, stones), blood cultures (systemic infection), and stool cultures (colitis, rotavirus) may also be indicated. Upright posteroanterior and lateral chest xrays are obtained to exclude pneumonia or the presence of free intraperitoneal air. Flat and upright abdominal films are also obtained. In a child with a complete bowel obstruction, abdominal films will show dilated loops of small bowel

with multiple air fluid levels and little or no air in the rectum and/or distal to the obstructing lesion. Ultrasound is occasionally useful to rule out a postoperative intussusception.

Treatment. Nonoperative management includes resuscitation with isotonic saline solutions, nasogastric decompression, correction of electrolyte abnormalities, IV antibiotics, and serial examinations. Within 24 hours, children with ileus and simple mechanical obstruction will improve as indicated by a return of bowel function, a normalization of vital signs and a normal WBC. Indications for operation include obstipation for 24 hours, continued abdominal pain with fever and tachycardia, decreased blood pressure, increasing abdominal tenderness, and leukocytosis despite adequate resuscitation and medical treatment.

The abdomen is opened through a previous incision, if present, and midline, if not. The cecum is identified and the collapsed ileum is followed proximally until dilated bowel and the point of obstruction is identified. The offending adhesive bands are disrupted and the abdomen is closed. Laparoscopic lysis of adhesions is another option and may allow a shorter postoperative recovery and hospital stay. Postoperatively, nasogastric decompression and intravenous fluids are continued until return of bowel function and the volume of gastric aspirate decreases.
Acute abdominal pain and Appendicitis

Acute abdominal pain in childhood is completely different as compared with adults. In temperate climates over 95% of children between the ages of 2 and 14 years with acute abdominal pain of less than 7 days' duration will have one of two problems. The child will have either acute non-specific abdominal pain (ANSAP) or appendicitis.

Of those requiring urgent surgery in 99% of boys and 98% of girls the surgery will be for appendicitis. Only 1% will have a complication of Meckel's diverticulum or another rarity and 1% of girls requiring urgent surgery will have a complication of an ovarian cyst or fallopian tube.

Acute abdominal pain, for practical purposes, is defined as abdominal pain of less than 7 days’ duration. Its diagnosis and management in children are easier because of a much narrower range of diagnostic possibilities in children than in adults. But they are more difficult because of communication difficulties and atypical presentations in younger children.

Incidence. It is difficult to establish the precise incidence of abdominal pain in a population but it is likely that almost all children under 15 years of age experience acute abdominal pain at some time. Most of these attacks are dealt with by the parents at home. Some children are seen and managed by general practitioners. A third group of children is referred to the hospital because they are ill or the nature of the problem is uncertain. Of these, possibly half of the patients are sent home from the emergency department by someone who frequently sees such a problem and the remaining half of the patients will be admitted.

Causes. The two most common causes of acute abdominal pain are ANSAP, followed in frequency by acute appendicitis. It is obvious that the most common indication for surgery in the patients with acute abdominal pain is appendicitis. Other causes that require operation, urgently or electively, are uncom​mon, and occur in about 1 % of cases between the ages of 2 and 14 years.

Management. The recognition of ANSAP as a common cause of pain along with the better definition and delineation of ANSAP, has improved the management of these children and made it simpler. It has also helped to change the approach from look and see to wait and see, thus avoiding unnecessary laparotomies. The questions that need to be answered after seeing a child is whether he or she needs an operation, and if an operation is not indicated, whether it is safe to discharge the patient. If it is decided that surgery is not warranted and it is not advisable to discharge the patient, the practice of active observation is undertaken.

Consultation. Children and parents consulting a hospital doctor are usually concerned, anxious and worried and more so when faced with an emergency situation where the nature of the problem is uncertain. It is important that the doctor in question creates confidence in them. To begin with, it is necessary to create an atmosphere in which a diagnosis can be made. It is preferable to obtain some information about the child and parents before the interview. Ask parents to sit down and the child to lie down, and then make yourself seated. Give the impres​sion that you have all the time in the world to solve the problem at hand. If you begin with personal details, the parents and child feel that you really want to know everything. Getting straight to the point will not pay off in these circumstances. Patience, tact and the appear​ance of not being in a hurry will yield the best results.

History. It is better to let the story be unfolded on its own. You may need to modulate the time-scale of the present episode. Try to keep 'pain' out of the conversation.

The nature of the presenting problem needs to be established. How and when did it start? Was there any history of trauma and did it wake the child up? Did it start in the school? Where did it start and where is it now? Has it got better or worse? Does anything make it better or worse? Has anything been tried to make it better?

Vomiting is quite usual. The nature, contents, fre​quency and volume are important. Bilious vomiting in children is ominous and should raise the possibility of organic pathology. An idea of fluid loss can be obtained from the history.
Anorexia is a usual accompaniment. A child who is hungry and asking for food is unlikely to have advanced disease.

Some information should be obtained regarding the bowel movements. The child may not understand the nature of enquiry and the parents' help should be sought to find out the household term used for bowel move​ment (e.g. big job/poo poo). Diarrhoea may be a pre​senting feature of a perforated appendix, especially in preschool children.

Any change in the pattern of micturition (or wee wee/pee pee/passing water or urine) should be specifi​cally noted and further details such as dysuria, haematuria and wetting frequency be obtained. A history of recent illnesses such as upper respirato​ry tract infections and analgesic or antibiotic use should be sought as it may change the clinical findings. Previ​ous attacks are usually uncommon in children with appendicitis. 

Pyrexia is present in most of the patients with appendicitis but a normal tempera​ture does not exclude a complicated appendicitis. Simi​larly mild pyrexia may be found in the patients with ANSAP. A temperature of 38.5°C or more with definite abdominal signs usually means a perforated appendix. Persistent or progressive tachycardia is significant and may be a sign of peritonitis. It also indicates the need for preoperative fluid therapy in patients with appen​dicitis.
Physical examination
The cardinal rule of physical examination, “look and feel”, should be adhered to. Examination of young chil​dren needs patience and tact.
Abdominal examination should be slow, meticulous and gentle. Parents should be encouraged to stay close and even to hold the child's hand, which will create confidence in the child. It is essential to have the abdomen in full view but sometimes in a toddler it may be wise to slip a hand in under the clothes to palpate the abdomen. A note is made of whether the abdomen is distended and whether it moves with respiration.
Before starting to palpate the abdomen, the child is asked to point to the spot of maximum tenderness with his/her left hand. The examination starts from the furthest point of tenderness, taking the area of maxi​mum pain last. The groins are always examined for evidence of hernia and scrotum for fully descended, untorted testes.

Examination of the abdomen is done with the palm of the hand and not by poking with the fingers. The child should be distracted from the examination and the doctor should always look at the child's face for evidence of pain rather than asking him or her whether it hurts. The area of tenderness is mapped precisely. Guarding in a relaxed child is a valuable find​ing. Rebound tenderness is not really a useful sign. It may be worth going around the abdomen to confirm or alter initial findings. In an ill, apprehensive child, it may be better to re-examine the abdomen with sedation. A note is made if it is difficult for the child to sit up.

If the child is not critically ill, then it may be worthwhile to ask him or her to get out of the bed and walk a few paces or jump up and down to give the examiner a better idea of the problem.

Rectal examination. In a child with definite abdominal findings, it is usually unnecessary to perform a rectal examination as it is unpleasant and may be quite traumatic to children. Rec​tal examination is, however, occasionally helpful in patients with pelvic appendicitis. When necessary it should be performed with utmost gentleness using a well-lubricated glove.

At this point it is possible to reach a provisional diag​nosis and three categories should be kept in mind: 1) acute non-specific abdominal pain or possibly appen​dicitis but no surgery indicated at that point, 2) acute appendicitis with surgery required or 3) other uncom​mon causes.

If the diagnosis is uncertain, which may happen in 50-70% of the patients with acute abdominal pain at initial assessment, active observation is a useful approach.

Active observation. The objective of active observation is to achieve a more accurate diagnosis and avoid unnecessary surgery. As appendicitis is an evolving process, the definite diagno​sis may not be possible at the time of initial presenta​tion.. Therefore, in patients with uncertain diagnosis a conscious decision is taken to keep the patient under surveillance until the pain has gone or almost gone or intervention is required.

Active observation differs from the other types of observation in that a doctor is com​mitted to visiting the patient within a specific pre​determined interval, without waiting to be called to the patient because of a change in the patients' condition. This interval is determined depending on the clinical condition of the patient and the likelihood of surgery being necessary.

Active observation entails admission to the hospital and a serial monitoring of vital signs. The temperature and pulse are taken at hourly, 2- or 4-hour intervals depending on the patients' condition. The interval of revisiting the patient should be determined at the pre​ceding visit. An interval of less than 2 hours is not like​ly to make any significant difference. At every visit, parental and nursing report should be obtained and the pulse and temperature chart carefully scrutinized before examining the child. Features of the history are recapit​ulated and complete re-evaluation is undertaken. In a hospital setting, another doctor may be seeing the patient so the present history and clinical finding should be carefully documented by each person at each visit.

The attitude that it is better to “look and see”, as may be encountered in many hospitals, is not a scientific attitude. The objec​tions to this policy come from the fear that the delay in surgery will lead to increased incidence of perforation and postoperative morbidity. Although it is possible that in a small number of patients this practice will allow appendicitis to advance, there was no real increase in the number of perforations in patients who underwent appendicectomy after active observation and certainly the morbidity was no worse in these patients. The advent of bet​ter antimicrobial agents and intravenous therapy has certainly minimized the effect of the delay.

Investigation. In the majority of the patients, a careful physical examination is all that is necessary to arrive at a diagnosis. Laboratory and radiological investigations are neither sensitive nor specific. The spectrum of the possible diagnosis in children is so narrow that the approach adopted in adults is unnecessary. The question that is pertinent in children with acute abdominal pain remains ‘is it appendicitis or not?'

Leucocytosis, with an increase in neutrophil count, has been considered to be of significance in patients with an acute abdomen. However, it is unlikely that a doctor will remove the appendix just because there is a leucocytosis and not operate because the white cell count is normal. It has to be considered in perspective, since leucocytosis may be seen in patients who do not have appendicitis and a normal leucocyte count has been pre​sent in patients with perforation and peritonitis.

Serum amylase estimation, which is a routine practice in adults, is totally unnecessary in children. Urea and electrolytes may occasionally be required in very sick, dehydrated children.

Two per cent of girls admitted with acute abdominal pain will have bacteriologically proven urinary infec​tion. Urinary infection is much more common in girls than in boys unless predisposed by some known kidney or bladder disease. It is distinctly uncommon to have significant urinary infection without urinary symptoms. If urine is infected, it should be further confirmed bv another midstream urine culture and treated appro​priately. Further investigation, such as renal ultrasound should be undertaken.

Plain radiographs rarely help to establish the diagnosis of acute abdominal pain. A radiopaque calculus may occasionally be seen. The non-specific features of appendicitis include scoliosis, faecolith, blurring of the right psoas margin and abnormal gas pattern in the right lower quadrant and/or air-fluid levels.

Ultrasonography is a quick, non-invasive and well-tolerated investigation. It also has advantages of detecting other abnormalities such as ovarian pathology, ureteric dilatation and hydronephrosis, but this requires experience, knowl​edge of basic technology and sonographic anatomy. False-negative results may be obtained in as many as 16% of the patients in experienced hands and may contribute to the delay in diagnosis and treatment. Therefore a judicious use of ultrasonography is neces​sary and it does not substitute for the proper, thorough clinical examination. Ultrasonographically, the appen​dix is considered inflamed if its diameter is more than 6 mm. Other signs of appendicitis include decreased echogenicity of the surrounding fat or the presence of a poorly defined hypoechoic round or oval structure adjacent to the caecum and independent of loops of bowel. Criteria for appendicular rupture are clear asymmetry in the wall thickness with indistinctness of the wall layer or the presence of air-fluid collection around the appendix.

Laparoscopy is a unique procedure which has been used as a diagnostic and therapeutic tool, but the dis​advantages include the necessity of a general anaesthet​ic in children, potential complications associated with the procedure and the temptation of removing a normal appendix. 

Acute non-specific abdominal pain

ANSAP is defined as abdominal pain of short duration (less than 7 days) with no identifiable cause. This descriptive term, although not a diagnosis in itself, is used to include those patients who do not have a con​vincing acceptable, alternative explanation. The diagno​sis is often retrospective but can be made prospectively if the possibility is considered carefully.

Pathophysiology. Although ANSAP is useful in planning the management of the patients with acute abdominal pain, it actually means that it is not known what exactly is the matter with the patient. What is known is that the patient does not require surgery at that time. The precise pathophysiology of ANSAP is not known. Various hypotheses from viral origin to bowel motility disorder have been put forward.

The pain usually lasts for 12-48 hours. The patient will typically have nights' sleep and wake up to find the pain gone. If the pain lasts for more than 48 hours or so and is getting worse, possibilities other than ANSAP should be seriously considered. The patient must be kept under surveillance until the pain has gone or an alterna​tive satisfactory explanation for the pain is discovered.

Presentation. Abdominal pain often begins in the centre of the abdomen and does not tend to radiate to the iliac fossa but occasionally it may involve the hypogastrium or right lower quadrant. The onset of the pain is gradual and it may come and go. The important feature of the pain is that it does not usually worsen with the move​ments or coughing. Nausea and vomiting, although not common, do not mean that the patient does not have ANSAP. There may be loss of appetite. Constipation is certainly not a feature.

The temperature may be normal or slightly raised. A high temperature makes the diagnosis of ANSAP unlikely. The pulse rate at admission is unreliable as the child may be apprehensive, but progressive tachycardia usually indicates other possibilities. The tongue is normal and there is no halitosis. The central abdomen may be tender or tenderness may be diffuse. Rarely there is a guarding. Focal tenderness and guarding in the right iliac fossa make ANSAP unlikely.

Management. Patients with acute abdominal pain where a diagnosis other than ANSAP cannot be ruled out should be admit​ted to the hospital for active observation. Once it is decided that the child does not have evidence of appendicitis, then the parents must be told that the examination shows that the child does not require surgery or additional tests at that point, but that he or she will need to be observed in hospital. If the symptoms have resolved, the parents and child are reassured about the innocent and transient nature of the condition.

Acute appendicitis

Acute appendicitis is the most common surgical emer​gency in paediatric practice. 98 % of operations required for abdominal pain will have surgery for suspected appendicitis.

Pathophysiology. The most important factor in the pathogenesis of the appendicitis is luminal obstruction of the appendix. The obstruction may be complete or incomplete, and incom​plete obstructions may become complete owing to inflammatory swelling of the surrounding tissue.

1. Acute appendicitis. The typical acutely inflamed appendix is congested and oedematous with submucosal or transmural neutrophil infiltration. Serosal exudate is not present.

2. Acute suppurative appendicitis. The appendix is turgid and congested, the peritoneal surface is extensively coated with a yellow-white fibrinopurulent exudate, luminal obstruction is usually evident and there is marked turbid, purulent, peritoneal fluid. The wall of the appendix is inflamed through its full thickness. Foci of suppuration are present, associat​ed with destruction of the mucosa and underlying lymphoid tissue. On the peritoneal surface, there is a marked reactive swelling of the mesothelial cells.

3. Acute gangrenous appendicitis. In more advanced stages, ischaemia causes grey-green or blackish areas of gangrene in the wall of the appen​dix. The lumen may contain pus. Peritoneal fluid is increased and is usually purulent. Histologically, there is a loss of normal tissue architecture.

4. Perforated appendicitis. The wall of the appendix has perforations that are usual​ly on antimesenteric border with escape of the organisms to the peritoneal cavity. The peritonitis may initially be local because of the anatomical posi​tion such as the paracoloic gutter or pelvis. In other situations the peritonitis may be generalized. Perforated appendicitis is more common in younger children: 50% of preschool children were found to have perforation as compared to 16,6% in all children treated in our hospital.

5. Appendix mass. This includes the inflammatory mass and abscess. The appendiceal inflammatory mass usually consists of the appendix sur​rounded by small bowel and/or omentum. This mass may contain thick fetid pus. Although it is generally believed that young children have a limited ability to form an appendix mass because of the thin-walled appendix and short omentum, half of patients under 2 years, one-third of patients under 3 years and one-fifth of patients under 5 years have pro​gressed to develop appendix mass.

History. The classical triad of appendicitis symptoms is pain, vomiting and fever. The pain in the right lower quad​rant may have begun around the umbilicus. It is often steady and griping in nature rather than colicky, and is not usually severe. The pain associated with appendicitis improves with rest but is aggravated by movement. Toddlers between 1 and 5 years old may not actively complain of pain but instead show increasing irritability and disinclination to move about. The dura​tion of pain is of considerable significance. The mean duration of symptoms for acute appendicitis is about 40 hours, perforation 53 hours and appendix mass 88 hours.

Typically, the child with appendicitis is not hungry and may actually have gone off food. Nausea and vom​iting are typically present but the usual story is of one or two non-bilious vomits. Constipation is not a com​mon feature, but diarrhoea, if present, is of significance. 20 % of preschool children complain of diar​rhoea at presentation.

Physical examination. It is better to examine a child in a lying down position with a parent in close attendance to reduce anxiety. The child should be stripped down to the middle of the thighs that a valid inspection may be carried out. The temperature may be normal in an older child unless the appendix is perforated but it is elevated in two-thirds of preschool children with uncomplicated appendicitis. The temperatures are usually in the range of 38-38,5°C. Temperatures of 39°C or over suggest an appendix complicated by perforation and peritonitis or abscess formation or alternatively and much more like​ly, a non-surgical condition.

It is frequently useful to ask the child to point to the area of maximum tenderness (“where is it sore?”). The child should be encouraged to outline the area of maxi​mum tenderness. The examination of the abdomen should begin away from the site of pain, at the left upper quadrant, then the left lower quadrant, then the right upper quadrant and finally the right lower quad​rant. The examination should be as delicate as possible. Guarding over the tender area is common in patients with appendicitis. The silver dollar sign is a reliable sign where the area of tenderness can be covered with a US silver dollar (diameter of 3.5 cm). Rebound tender​ness is a subjective sign and should not be used in chil​dren. McBurney's point is the point that lies one-third of the way along the line from the anterior superior iliac spine to the umbilicus. It is the best guide to the base of the appendix but it must be remembered that the tip of the appendix may be inflamed and may commonly be retrocaecal, less commonly in the pelvis and least com​monly along the ileum.

The pelvis in the young child is shallow, so that even if the appendix lies in the pelvis, it may be possible to elicit the tenderness of a pelvic appendicitis in the lower abdomen.

Sometimes it is necessary to repeat the examination while distracting the child from the real object of inves​tigation to confirm or refute the degree of tenderness.

It is usually unnecessary to perform rectal examination in children, especially if the definitive signs of appen​dicitis are elicited on the abdominal examination. However, if the history is longstanding, the pelvic appendix may only be detected by gentle rectal examination. 

Tachycardia at admission is not a reliable sign as it may be caused by anxiety, but persistent or progressive tachycardia of more than 120 beats/min suggests peri​tonitis and these patients will usually require some preparation with intravenous fluids before surgery. The mouth may be dry and halitosis may be noticeable.

Findings in complicated appendicitis. The child with a perforated appendicitis is usually iller, may have vomited more frequently, is not anxious for food and probably has pyrexia of more than 38,5°C and persistent tachycardia of 120 beats/min or more. The tenderness is more marked and widespread.

The history in patients with appendix mass is usually longer. The mass may be difficult to palpate in unsedated children, particularly in preschool children in whom it is most common. There may be vague tenderness in the right lower quadrant. It may not be possible to delineate the mass until the child is sedated and some​times it may not be possible to diagnose an appendix pass unless the child is anaesthetized. In the appendix mass, the small bowel is involved in the marking-off process and it may be distended with gas. The whole abdomen may become slightly distended and may give the false appearance of generalized peritonitis.

The distinction between appendix mass and perfora​tion with peritonitis is important from the therapeutic point of view as the management of a patient with peritonitis, is a removal of the appendix following pre-operative preparation while the appendix mass is initially treated vigorously with antibiotics. If the child cannot be examined satisfactorily without sedation, then the dose of sedative must be tailored so as to enable proper examina​tion.

Extra tests in doubtful cases. It is helpful to observe the manner in which the child approaches the bed. The child may walk with a tenden​cy to tilt to the right side. When the child is lying, he or she may sit up slowly and gingerly because of the inflammatory process.

On being asked to 'hop out of bed' a child with a def​inite appendicitis will begin this slowly and carefully. This may be so obvious as to make it unnecessary to go through with it to establish the cause of the pain. Con​versely, a child who may have been tender on examina​tion may readily jump in and out of bed providing, another morsel of information.

The child is asked to jump up and down three to four times, and to go higher each time. If this does not cause pain, the child is unlikely to have complicated appendicitis.

Management of appendicitis. The treatment of appendicitis is appendicectomy. The surgery should be undertaken as soon as possible. However, if a perforated appendicitis is diagnosed preoperatively, the child will need preparation with fluids and antibiotics of up to 12 hours before surgery.

In an unperforated appendicitis, little preparation is required other than the appropriate anaesthetic premedication. If there is an evidence of perforation, such as generalized tenderness, abdominal distension, tachycar​dia, pyrexia above 38.5 0C or dehydration, the operation should be deferred until the pyrexia is controlled. Antibiotics against Gram-negative bacilli and anaerobes are commenced and intravenous fluids administered to correct the deficit with Ringer's lactate solution. The patient should be properly hydrated and the temperature and pulse brought under control. If uncontrolled, the induction of anaesthetic may accelerate the pulse further and may even cause peripheral circulatory fail​ure while the temperature may rise steeply to hyperpyrexia. If the patient looks very ill and dehydrated, a urethral catheter is passed to monitor the response to hydration.

Procedure. Once an appendix mass has been ruled out, the incision is accurately placed. It is based on the McBurney's point, which is one-third of the way from the anterior superior iliac spine to the umbilicus. The incision is almost transverse, with two-thirds of the incision lateral to the McBurny's point and one-third medial. The incision should be clear of the anterior supe​rior iliac spine and should not be too low or too medial.

The skin and subcutaneous fascia are divided, and then the external oblique muscle and aponeurosis are divid​ed in the line of the fibres. The internal oblique muscle fibres are separated by blunt-tipped scissors or artery forceps. Transversus muscle fibres are also separated along with this layer. The muscle fibres are then pulled apart. The peritoneum is grasped with artery forceps and lifted upward, making sure to avoid the bowel and another artery forceps applied 5 mm away. The peri​toneum is then incised transversely with a knife and the opening enlarged with the scissors.

If free pus or peritoneal fluid is encountered, a spec​imen is obtained for bacteriological examination and then the pus removed by sump suction, avoiding trauma to the bowel.

The caecum is then gently delivered out of the wound. If the caecum is adherent to the posterior abdominal wall because of either congenital band or inflammatory adhesions, then the lateral peritoneal fold is divided by fingers. The difficulties in this step may be compounded by inadequate or wrong placement of the incision. If necessary, the incision may be enlarged by cutting the muscles upwards and laterally. If further enlargement is necessary, then these muscles are divided medially and inferiorly. Alternatively, the wound may be enlarged by cutting the anterior and posterior rectus sheath, securing the inferior epigastric vessels and then retracting the rectus muscle medially.

A haemostat is placed on the mesoappendix, which is then divided between haemostats. The vessels are ligated. Once freed from the mesoappendix, a haemostat is applied to the base of the appendix about 8 mm from its junction with the caecum. A purse-string suture is placed in the seromuscular layer of the caecum. The appendix is then ligated with 3/0 chromic catgut proxi-mal to the haemostat. The appendix is cut with a knife close to the haemostat. The appendix stump is then buried in the caecal wall. All free pus is carefully mopped with swabs soaked in saline or antibiotics. The caecum is then carefully replaced in the abdominal cav​ity. If the appendix is normal, terminal ileum, the mesen​tery is carefully inspected and a search made for the Meckel's diverticulum. In girls, the fallopian tube and ovaries are palpated to ensure that there is no pathology.

The peritoneum is closed first with a continuous absorbable suture. The fibres of transverse abdominis and internal oblique are approximated.with two or three interrupted sutures. The external oblique is closed with a continuous absorbable suture such as 3/0 Vicryl or Dexon. The subcutaneous layer is approximated with 4/0 Vicryl or Dexon. The skin is closed with a subcuticular 5/0 Dexon or Vicryl. Intraperitoneal drains or delayed primary wound closure will be unnec​essary, even in patients with perforation and gross conta​mination, if the proper technique is adhered to.

Postoperative care. Antibiotics are started preoperatively or at induction and may be continued for 5-7 days in patients with per​foration. These should include agents against Gram-negative bacilli and anaerobes, especially bacteroides. Analgesics are prescribed for at least the first 24-48 hours and administered at 6-hour intervals, or more frequently if required.

A nasogastric tube is rarely required in children. Patients with acute appendicitis are usually ready to start oral fluids 12-24 hours after the operation, while those with gross peritonitis may require intravenous fluids. Intravenous fluid requirements are assessed daily and discontinued as soon as possible.

Most patients are ready to go home within 48-72 hours and the majority only requires an overnight stay. All these children are followed up a week later to check on the histology and make sure that they have no postoperative infective complications such as wound infection or intraabdominal abscess, presenting as redness of the wound, discharge from the wound, pyrexia, vomiting, diarrhoea or abdominal distension.

With the advent of better antimicrobial agents, especially against anaerobes, the incidence of postoperative complications has decreased down to 4,4%. These are wound infection, adhesive obstruction and intra-abdominal abscess. Common sites of postoperative intra-abdominal abscesses are the pelvis and paracolic region and rarely the subphrenic region. With aggressive use of antibiotics, most of the intra-abdominal abscesses resolve and can be easily monitored by clinical course and serial ultrasound scan. Abscesses that fail to respond need drainage. Well-localized intra-abdominal abscesses may be drained percutaneously under ultra​sound control. Pelvic abscesses should be allowed to drain per rectum. Only rarely are laparotomy and drainage required.

Death due to childhood appendicitis is rare and should be less than one per 3000. Such deaths are usually due to inadequate preparation of the patient or an over-dependence on antibiotics in those who need post-appendicectomy drainage.

Laparoscopic appendicectomy. The first reported case of an appendix removed laparoscopically was by Semm in 1983. Implementation of this method in childhood has been rather slow and its advantages over open appendicectomy have not been universally accepted. Early discharge following appendicectomy by the open method has been practised for many years and the small skin crease incision closed with a subcuticular suture is rarely a cosmetic embarrassment.

Laparoscopic appendicectomy carried out by a well-trained and experienced surgeon is a safe procedure provided the Hassan technique for insertion of the first trocar is used. It does have a small cosmetic advantage and the 10-12 mm trocar at the umbilicus and two other 5 mm trocars are required. The scars are hardly noticeable. Appendicectomy by this method is definite​ly easier in the obese patient. The ability to explore the whole abdominal cavity, particularly if the appendix looks normal, is an advantage, and for the same reason, cleansing the abdominal cavity can be more effective. Furthermore, this may result in a reduction in the inci​dence of intraperitoneal abscesses and postoperative adhesions.

Management of appendix mass. It is controversial. Conventional thinking is to treat preoperatively diagnosed appendix masses with intravenous fluids, anti​biotics and delayed appendicectomy. However, a dilemma may occur when the diagnosis is made under anaesthesia (50%). Continuation of conservative man​agement is to be advocated. 90% of the patients respond to this approach and drainage of abscess is required in only 10% of the patients. An interval appendicectomy is then under​taken at an interval of 4-6 weeks. Some authors advocate early appendicec​tomy at the same admission.

Differential diagnosis

Urinary infection (UTI) is an uncommon cause of acute abdominal pain in childhood, especially if not accompanied by urinary symptoms such as dysuria, wetting, frequency or haematuria. It is an uncommon cause of abdominal pain in girls and it is an even less common cause in boys. If the patient had previously proven urinary infection or has a congenital urinary tract anomaly, then the possibility of UTI should be considered. The diagnosis of urinary infections in other patients in the absence of urinary symptoms is unwise.

However, it must be remembered that about 2% of schoolgirls will have covert bacteriuria. A pelvic appen​dicitis may cause an infected urine, but the clinical features should be clear on abdominal or rectal examination. The diagnosis of urinary infection must be based on bacteriological evidence. The presence of albumin in the urine is unreliable but white cells in the urine are a useful indicator. In a patient with urinary infection, another specimen of urine is preferable and should always be taken before commencing anti-microbial therapy. All children with bacteriological evidence of urinary infection must be investigated further to confirm or rule out congenital genitourinary anomalies. Renal ultrasound is a simple, non-invasive modality but lesser grades of reflux may only be picked up by a micturating cystourethrogram. Radionuclide scans are necessary to identify scarring and for estimating differential function of the two kidneys.

The treatment of urinary infection is with appropriate antibacterial agents. If the patient is febrile and has a previous history of urinary infection, antibiotics may be started after getting the clean specimen of urine, but if the patient has had no previous urinary infection and is afebrile, the treatment may be deferred until a definite diagnosis is made. It is unlikely that this will cause significant parenchymal damage but will avoid irrational use of antibiotics, unnecessary labelling of diagnosis of UTI and emergence of the resistant bacteria. Sympto​matic improvement may be achieved by drinking large quantities of fluids.

Mesenteric adenitisю. Occasionally at operation there may be enlargement of the mesenteric lymph nodes with a normal appendix. These patients are labelled as having mesenteric lymphadenitis. As the percentage of normal appendicectomy goes down, the incidence of mesenteric lymphadenitis decreases. There is no evidence that the enlarged lymph nodes are a cause of pain.

Clinically these patients present with abdominal pain and pyrexia (39°C or more). Vomiting is not common and appetite may be normal. There is often an upper respiratory infection with enlargement of the neck lymph nodes. The tenderness is usually medial to the lateral border of the rectus abdominus muscle and guarding is not a feature. The condition usually settles within 24-48 hours and the abdominal pain disappears. Recurrence is uncommon.

Constipation. Although frequently considered as a differential diag​nosis of acute abdominal pain, it is doubtful whether constipation of 2-3 days’ duration is a frequent cause of acute abdominal pain. The diagnosis is more likely if the pain is relieved by a suppository or an enema.

Meckel’s diverticulitis. Although rare, Meckel's diverticulitis may present with acute abdominal pain indistinguishable from acute appen​dicitis. One-third of patients with diverticulum may have perforation and peritonitis. These patients usually pre​sent with periumbilical pain and tenderness is usually medial but may be anywhere in the lower abdomen. The treatment is laparotomy with resection of diverticulum. Less than 1% of surgery for the acute abdomen in child​hood is for complications of Meckel's diverticulum.

Cholecystitis. Gallbladder inflammation may occur in patients with cholelithiasis of haemolytic or non-haemolytic origin. Acalculous cholecystitis is being diagnosed with increasing frequency in recent years. Usually these patients pre​sent with right upper quadrant pain, nausea, vomiting and jaundice with right upper quadrant tenderness. Ultrasonography is the investigation of choice and shows a thickened gall bladder wall, diminished contractility and echogenic debris. An oral cholecystogram or intravenous cholangiography may occasionally be necessary. Mild forms of cholecystitis are managed by nasogastric suction, intravenous fluids and antibiotics. Cholecystectomy, usually laparoscopic, is indicated in patients with severe deterioration in their clinical condition.

Omental disease. Rarely, the omentum may be the cause of abdominal pain. This may be due to idiopathic torsion, infarction or omental cysts. The clinical features are indistin​guishable from acute appendicitis and preoperative diagnosis is unlikely. The treatment is laparotomy and resection of the involved omentum.

Gastroenteritis. This may rarely occur in association with appendicitis. Similarly, diarrhoea may be a presenting feature of acute appendicitis. Copious diarrhoea and hyperactive bowel sounds without localizing signs are indicative of gastroenteritis.

Viral hepatitis. Hepatitis may cause acute abdominal pain, usually in the right upper quadrant. Jaundice is preceded by a prodromal illness with anorexia, nausea and vomiting. The urine is dark coloured and there is usually soft, tender hepatomegaly. There may be a local epidemic.

Periodic syndrome. There is usually a history of previous episodes of abdom​inal pain, headache, pallor and severe vomiting with occasional dehydration. These attacks may recur three or four times a year and last for 3-4 days. Dehydrated patients require admission and intravenous fluids.
Ovarian pathology. The ovarian cyst per se rarely causes abdominal pain but haemorrhage into the cyst, torsion of the cyst or normal adnexa can present with acute abdominal pain. Occasionally, ovulation-induced haemorrhage causing localized peritonitis can cause abdominal pain and is termed Mittelschmerz. The abdominal pain secondary to ovarian pathology usually occurs in peripubertal girls. The pain is in a lower quadrant or the hypogastrium and may be associated with nausea and vomiting. Ultrasound is helpful in detecting ovarian pathology. The treatment for patients with torsion is early laparotomy to salvage the ovary and remove the cyst. Oophorectomy is rarefy necessary and should be avoid​ed if at all possible. In these patients, with torsion of normal adnexa, contralateral oophoropexy should be performed as predisposing factors such as excessive mobility and hormonal activity may cause similar prob​lems on the other side.
Henoch-Schonlein purpura. This is systemic vasculitis of unknown origin and prob​ably related to autoimmune phenomena. Two-thirds of the patients present with abdominal pain. Associated features include nausea, vomiting, bloody stools, nephritis and occasionally scrotal inflammation. These symptoms are due to haemorrhage into the bowel wall or complications such as intussusception, obstruction and perforation. The rash is a pathognomic feature and is initially urticarial eventually becoming haemorrhagic involving the ankles, buttocks and perineal areas. Ultra​sound is a valuable tool in these patients to distinguish complications requiring surgery from intramural haem​orrhages. Intussusceptions in these patients can be monitored by ultrasound scan with resolution in the majority of the patients. Corticosteroids lead to symptomatic improvement but do not alter the progress of the disease.
Inguinal hernia: Torsion of the testis. Obstructed inguinal hernia and torsion of testis may present with lower abdominal pain but exposure of the body to the midthighs and careful examination will point to the obvious cause.
Non-abdominal causes. Right-sided basal pneumonia may present as an acute abdomen, and acute subhepatic appendicitis may cause sympathetic pleural effusion. The diagnosis is usually based on the abdominal and chest findings. X-ray will demonstrate the consolidation. Appendicitis can occur in the presence of pneumonia.

Acute abdominal pain in infants and toddlers

At this age, there are three common causes of abdominal pain: intussusception, appendicitis and acute non-specific abdominal pain.

Appendicitis in young children is a different matter. The majority of the patients have progressed to complicated disease - appendix mass, gangrenous appendix and perforation. This was prob​ably due to communication difficulties leading to delay in seeking medical advice, atypical presentation and fail​ure to suspect appendicitis. There may be a history of diarrhoea, irritability and cough in a significant number of patients. The patient may well have pyrexia and tachy​cardia. It is usually difficult to assess the abdomen with​out adequate sedation. If a mass is felt, intravenous antibiotics, aminoglycoside and anti-anaerobic agents should be started until the mass and tenderness resolve. Electively appendicectomy is then performed after 4-6 weeks. However, over 50% of the appendix masses may be palpable only under anaesthetic. If a mass is palpated, a conservative management is undertaken with no operation at that stage.

Bezoars

Bezoars are rare foreign body concretions formed in the stomach and small bowel composed mainly of hair (tricho), vegetable matter (phyto) or milk curds (lacto). Most cases are females children, 6-10 years old, with bizarre appetite (trichophagia) and emotional disturbances. Originally the mass forms in the stomach and can move to the small bowel by fragmentation, extension or total translocation. Diagnosis can be confirmed by UGIS, CT-Scan or endoscopy. The child can develop an asymptomatic palpable abdominal mass, pain, obstruction or perforation. Other children will reduce intake and develop weight loss. Predisposing conditions to bezoar formations are: gastric dymotility and decreased acidity. Management can consist of mechanical or pulsating jet of water fragmentation via the endoscope, operative extraction, shock-wave lithotripsy (ESWL) with subsequent evacuation, or dissolution by oral ingestion of proteolytic enzymes (papain, acetylcysteine, cellulase). With ESWL the shock wave pressure needed is less than half used for urolithiasis cases.

Neuronal Intestinal Dysplasia 

Intestinal Neuronal Dysplasia (IND) is a colonic motility disorder first described in 1971 by Meier-Ruge associated to characteristic histochemical changes of the bowel wall (hyperplasia of submucous & myenteric plexus with giant ganglia formation, isolated ganglion cells in lamina propia and muscularis mucosa, elevation of acetylcholinesterase in parasympathetic fiber of lamina propia and circular muscle, and myenteric plexus sympathetic hypoplastic innervation), also known as hyperganglionosis associated to elevated acetylcholinesterase parasympathetic staining. The condition can occur in an isolated form (either localized to colon or disseminated throughout the bowel), or associated to other diseases such as Hirschsprung's (HD), neurofibromatosis, MEN type IIB, and anorectal malformations. It is estimated that 20-75 % of HD cases have IND changes proximal to the aganglionic segment. Clinically two different types of isolated IND have been described: Type A shows symptoms of abdominal distension, enterocolitis, bloody stools, intestinal spasticity in imaging studies (Ba Enema) since birth, is less common and associated with hypoplasia of sympathetic nerves. Type B is more frequent, symptoms are indistinguishable from that of HD, with chronic constipation, megacolon, and repeated episodes of bowel obstruction. Management depends on clinical situation; conservative for minor symptoms until neuronal maturation occurs around the 4th year of life, colostomy and resectional therapy for life threatening situations. 

IV. HERNIAS AND ADBOMINAL WALL DEFECTS

Diaphragmatic Hernias

Classification

	I. Hernias of the diaphragm proper

	Bochdalek 
	false

	phrenipericardial
	false

	Relaxation of the dome
	true

	Incomplete protrusion of the dome
	true

	Anterior (sternal, parasternal)
	true

	II. Hiatus hernias

	With a raised oesophagus
	true

	paraoesophageal
	true


Diaphragmatic hernia in children is usually congenital and is a developmental malformation of the diaphragm permitting protrusion of the abdominal organs into the thoracic cavity. Traumatic diaphragmatic hernia is a rare occurrence in children. Hernias of the diaphragm proper may be true and false. In false hernias there is an open defect in the diaphragm, whereas all true hernias are marked by a hernial sac formed by a thinned area of the diaphragm. A posterolateral defect (foramen of Bochdalek) is the most common false hernia, a defect in the dome of the diaphragm or in its anterior portion is rarer. A still rarer occurrence is a phrenopericardial hernia with the viscera displaced into the pericardial cavity through a defect in the diaphragm and pericardium. According to size, incomplete protrusion of the dome and complete protrusion of one of the domes (relaxation) are distinguished among true hernias of the diaphragm proper. Anterior hernias occur in the sternal or sternocostal part of the diaphragm. Most of these are true hernias. In addition to hernias of the diaphragm proper, hernias through the oesophageal hiatus exist (hiatus hernia); all are true hernias and those with a raised oesophagus and paraoesophageal hernias are distinguished among them.

X-ray examination is of decisive importance in the diagnosis of all types of congenital diaphragmatic hernias. In hernias of the diaphragm proper, X-ray demonstrates, on the affected side, additional pathological ring-shaped, oval or spherical areas of diminished density in the pleural cavity whose degree is determined by the amount of air in the intestinal loops. The final diagnosis is established after X-ray examination with a contrast medium. 

Diaphragmatic hernias are managed by surgery. An exception are asymptomatic localized protrusions of the diaphragm and moderate relaxation of the dome, allowing surveillance over the condition. The emergency of the operation is determined by the severity of respiratory insufficiency. The age is no contraindication for surgery. The operation is conducted by laparotomy as a rule, though in some forms of true hernia it can be carried out successfully through a thoracic approach. The principal stages of the operation are reduction of the herniated viscera into the abdominal cavity, excision of the hernial sac (in true hernias), and closure of the defect with sutures or by plastics.

Congenital Diaphragmatic Hernia (Bochdalek). The most common congenital diaphragmatic hernia (CDH) is that which occurs through the postero-lateral defect of Bochdalek. It is caused by failure of the pleuroperitoneal membrane to develop adequately and close before the intestines returning to the abdomen at the tenth week of gestation. The intestines then enter the pleural cavity and cause poor lung development leading to pulmonary hypoplasia (a reduced number of alveoli per area of lung tissue). This defect is postero-lateral in the diaphragm and may vary in size. Stomach, liver or spleen may be partly in chest as well. Frequency is 1:2000 live births and the natural history in prenatally diagnosed CDH is that 60 % will die.

The clinical presentation is that the newborn becomes rapidly cyanotic, acidotic, and has poor ventilation. Respiratory disorders are the principal sign: paroxysms of cyanosis and dyspnoea occur recurrently, especially after feeding.  The picture developing in such instances was named precisely "asphyctic strangulation". Inspection reveals a depressed "scaphoid" abdomen and, in some cases, asymmetry of the chest which bulges on the affected side. The boundaries of the heart dullness and the apex beat are displaced to the right. Diminished breathing is heard on auscultation. Peristalsis and succussion sound are sometimes heard. The findings of repeated physical examination may vary depending on the degree of filling of the displaced hollow organs. Major findings relate to the degree of pulmonary maldevelopment. Chest films will show intestines in the chest. Left sided hernias are more common than right (90 % on left). Placement of a radiopaque nasogastric tube may show the tube coiled in the lower left chest. Higher risk factors are: early appearance of symptoms in life, prematurity and associated anomalies.

The differential diagnosis in congenital diaphragmatic hernias may prove very difficult in the presence of signs of acute respiratory insufficiency. Not only the clinical picture and the findings of physical examination (tympany, diminished respiration, dextrocardia), but the results of scout radioscopy or radiography may provide the grounds for suspecting pneumothorax, cysts of the lung and mediastinum, and other conditions. The absence of a temperature reaction and signs of toxicosis help in excluding the diagnosis of acute inflammatory diseases of the lungs and pleura. Examination of the digestive tract with a contrast medium is, however, of principal importance in the differential diagnosis because it provides reliable evidence of the presence or absence of a diaphragmatic hernia.
Treatment consists of rapid intubation and ventilation with use of muscle relaxants, placement of a nasogastric tube to prevent gaseous distension of the intestines and preoperative stabilization of arterial blood gases and acid-base status. Surgery can be undertaken when one of the following objectives are met: (1) blood gases normalize with no significant changes between preductal and postductal samples, (2) echocardiogram demonstrate reduce pulmonary pressure and pulmonary peripheral resistance. 

Operative management consists of abdominal approach, closure of hernia by primary repair or use of mesh, and correction of malrotation. It must be borne in mind that the abdominal cavity in this group of children is underdeveloped, as a result of which its size does not correspond to the volume of the reduced intestinal loops. Increased intra-abdominal pressure may lead to respiratory disorders in the postoperative period, which is the main cause of unfavourable outcomes. To prevent this complication it is advisable to apply sutures only to the skin without suturing the aponeurosis of the anterior abdominal wall. Decompression gastrostoma can be established in cases of extreme underdevolopment of the abdominal cavity.

Postoperative management is very difficult. Due to hypoplastic lungs, there is frequently pulmonary hypertension leading to right-to-left shunting and progressive hypoxemia, hypercarbia, and acidosis that worsens the pulmonary hypertension. The use of chest tubes may cause overstretching of the already hypoplastic alveoli causing: increase pulmonary hypertension, reduce functional residual capacity and reduce lung compliance. Postoperatively, the infant should be kept paralyzed and ventilated and only very slowly weaned from the ventilator. The severity of pulmonary hypoplasia, both ipsilaterally and contralaterally, is the main determinant of outcome. ECMO (extracorporeal membrane oxygenator) has come to reduce somewhat the mortality of this condition. 

The mortality of CDH is directly related to the degree of lung hypoplasia associated. Death is caused by persistent pulmonary hypertension and right ventricular failure. Prospective studies of prenatally diagnosed fetus prior to 25 week gestation has shown that 60% will die despite optimal postnatal care. This unsolved problem has prompted investigators to develop new treatment options such as preoperative stabilization, jet-frequency ventilation, and ECMO. Another area of development is intrauterine fetal surgical repair. To achieve success fetal surgery should:  (1) pose no risk to the mother (innocent bystander) or her future reproductive capacity; (2) tocolytic therapy in the post-op weeks should proved effective to avoid prenatal stillbirths; and (3) the procedure should be superior to conventional therapy. Intrauterine repair has meet with limited success due to herniation of the fetal liver into the chest through the defect. Disturbance of the umbilical circulation during or after liver reduction causes fetal death. Positive-pressure ventilation after birth reduces the liver before the baby comes for surgical repair. Dr. Harrison (USFC Fetal Treatment Center) has devised separate fetal thoraco-abdominal incisions to deal with this problem ("two-step dance"), reducing or amputating the left lateral segment of the liver. Another less invasive approach is enlarging the hypoplastic lungs by reducing the normal egress of fetal lung fluid with controlled tracheal obstruction called PLUGS (Plug Lung Until it Grows). 

Delayed presentation beyond the neonatal period is rare, estimated to occur in 4-6 % of cases. Infants and children will present with either respiratory or gastrointestinal symptoms such as: chronic respiratory tract infection, vomiting, intermittent intestinal obstruction, and feeding difficulty. Occasionally the child is asymptomatic. The small size of the defect protected by either the spleen or the liver and the presence of a hernial sac may  delay the intestinal herniation into the chest. A rise intrabdominal pressure by coughing or vomiting transmitted to any defect of the diaphragm makes visceral herniation more likely. Diagnosis is confirmed by chest or gastrointestinal contrast imaging. Management consists of immediate surgery after preop stabilization. Most defects can be closed primarily through an abdominal approach. Chest-tube placement in the non-hypoplastic lung is of help. Surgical results are generally excellent. A few deaths have resulted from cardiovascular and respiratory compromise due to visceral herniation causing mediastinal and pulmonary compression.

Morgagni Hernias. First described in 1769, Morgagni Hernias (MH) are rare congenital diaphragmatic defects close to the anterior midline between the costal and sternal origin of the diaphragm. They occur retrosternally in the midline or more commonly on either side (parasternally) of the junction of the embryologic septum transversum and thoracic wall (see the figure) representing less than 2 % of all diaphragmatic defects. 

Almost always asymptomatic, typically present in older children or adults with minimal gastrointestinal symptoms or as incidental finding during routine chest radiography (mass or air-fluid levels). Infants may develop respiratory symptoms (tachypnea, dyspnea and cyanosis) with distress. Signs of respiratory insufficiency are less pronounced because the pulmonary tissue is only moderately compressed in anterior hernias. Abdominal pain caused by displacement and incomplete strangulation of the intestinal loops is one of the principal symptoms Cardiac tamponade due to protrusion into the pericardial cavity has been reported. The MH defect contains a sac with liver, small/ large bowel as content. Associated conditions are: heart defects, trisomy 21, omphalocele, and Cantrells' pentalogy. US and CT-Scan can demonstrate the defect. Management is operative. Trans-abdominal subcostal approach is preferred with reduction of the defect and suturing of the diaphragm to undersurface of sternum and posterior rectus sheath. Large defects with phrenic nerve displacement may need a thoracic approach. Results after surgery rely on associated conditions.

Esophageal Hernias. Two types of esophageal hernia recognized are the hiatal and paraesophageal hernia. Diagnosis is made radiologically always and in a number of patients endoscopically. The hiatal hernia (HH) refers to herniation of the stomach to the chest through the esophageal hiatus. The lower esophageal sphincter also moves. It can consist of a small transitory epiphrenic loculation (minor) up to an upside-down intra-thoracic stomach (major). HH generally develops due to a congenital, traumatic or iatrogenic factor. Most disappear by the age of two years, but all forms of HH can lead to peptic esophagitis from Gastroesophageal reflux. Hiatal hernia with a raised oesophagus is characterized by vomiting. Older children complain of abdominal pain. A frequent occurrence is the haemorrhagic syndrome (anaemia, vomit with an admixture of blood, melaena, or occult blood in the stool). Physical development is retarded. Treatment for anaemia of unclear aetiology is often prescribed. The degree of protrusion of the stomach above the diaphragm may vary, but this is not the factor determining the severity of the clinical picture. The principal factor, probably, is a disturbed mechanism of closure of the cardia, creating conditions for the reflux of the gastric contents into the oesophagus, particularly when the child is lying down or when intra-abdominal pressure is increased. Quite often, persisting vomiting in children with hiatus hernia facilitates the development of recurrent aspiration pneumonia which aggravates the disease still more.

A small air cavity, sometimes with a fluid level (part of the stomach), seen to the right, left, or to both sides of the oesophagus during scout radioscopy gives reason to suspect hiatus hernia. A gastric gas bubble is usually not seen in the abdominal cavity or it is small in size. The diagnosis must be verified by radioscopy with a contrast medium. The barium meal is given by mouth; in infants it is administered into the oesophagus through a catheter. The child is examined in a vertical and horizontal position, with pressure exerted on the epigastrium. The cardia is situated above the diaphragm, the oesophagus is normal in length but curved, dilated and is continuous with a stomach which is partly displaced into the thoracic cavity. Fibro-oesophago-gastroscopy is an important method of examination in suspected oesophageal hernia. It demonstrates the level of the cardio-oesophageal junction, the condition of the cardia, and the severity of reflux oesophagitis.

Repair of HH is determined by the pathology of its associated reflux (causing failure to thrive, esophagitis, stricture, respiratory symptoms) or the presence of the stomach in the thoracic cavity. Hiatus hernias with a raised oesophagus are attended by reflux as a rule and antireflux operations (Nissen's, Kanshin's, Tal’s) are therefore indicated in such cases.
In the paraesophageal hernia (PH) variety the stomach migrates to the chest and the lower esophageal sphincter stays in its normal anatomic position. It causes a less severe clinical picture (inconstant pain, occasional vomiting); the haemorrhagic syndrome is not a typical occurrence.

It is seen on X-ray with contrast medium that part of the stomach or the whole stomach is situated to the side of the oesophagus.
PH is a frequent problem after antireflux operations in patients without posterior crural repair. Small PH can be observed. With an increase in size or appearance of symptoms (reflux, gastric obstruction, bleeding, infarction or perforation) the PH should be repaired. The incidence of PH has increased with the advent of the laparoscopic fundoplication.

On operation the stomach is reduced, the hernial sac resected, and the crura of the oesophageal opening in the diaphragm are sutured behind the oesophagus, but first a catheter is introduced into the oesophagus for feeding. An antireflux operation is also advisable if a gastro-oesophageal reflux was manifested before surgery. 

Procesus Vaginalis Remnants

 Inguinal Hernias. A hernia is defined as a protrusion of a portion of an organ or tissue through an abnormal opening. For groin (inguinal or femoral) hernias, this protrusion is into a hernial sac. Whether or not the mere presence of a hernial sac (or processus vaginalis) constitutes a hernia is debated. Inguinal hernias in children are almost exclusively indirect type. Those rare instances of direct inguinal hernia are caused by previous surgery and floor disruption. An indirect inguinal hernia protrudes through the internal inguinal ring, within the cremaster fascia, extending down the spermatic cord for varying distances. The direct hernia protrudes through the posterior wall of the inguinal canal, i.e., medial to deep inferior epigastric vessels, destroying or stretching the transversalis fascia. The embryology of indirect inguinal hernia is as follows: the duct descending to the testicle is a small offshoot of the great peritoneal sac in the lower abdomen. During the third month of gestation, the processus vaginalis extends down toward the scrotum and follows the chorda gubernaculum that extends from the testicle or the retroperitoneum to the scrotum. During the seventh month, the testicle descend into the scrotum, where the processus vaginalis forms a covering for the testicle and the serous sac in which it resides. At about the time of birth, the portion of the processus vaginalis between the testicle and the abdominal cavity obliterates, leaving a peritoneal cavity separate from the tunica vaginalis that surrounds the testicle. 

Approximately 1-3 % of children have a hernia. For infants born prematurely, the incidence varies from 3-5 %. The typical patient with an inguinal hernia has an intermittent lump or bulge in the groin, scrotum, or labia noted at times of increased intra-abdominal pressure. A communicating hydrocele is always associated with a hernia. This hydrocele fluctuates in size and is usually larger in ambulatory patients at the end of the day. If a loop of bowel becomes entrapped (incarcerated) in a hernia, the patient develops pain followed by signs of intestinal obstruction. If not reduced, compromised blood supply (strangulation) leads to perforation and peritonitis. Most incarcerated hernias in children can be reduced. The incidence of inguinal hernia (IH) in premature babies (9-11 %) is higher than full-term (3-5 %), with a dramatic risk of incarceration (30 %). Associated to these episodes of incarceration are chances of: gonadal infarction (the undescended testes complicated by a hernia are more vulnerable to vascular compromise and atrophy), bowel obstruction and strangulation. Symptomatic hernia can complicate the clinical course of babies at NICU ill with hyaline membrane, sepsis, NEC and other conditions needing ventilatory support. Repair should be undertaken before hospital discharge to avoid complications. Prematures have: poorly developed respiratory control center, collapsible rib cage, deficient fatigue-resistant muscular fibers in the diaphragm that predispose then to potential life-threatening post-op respiratory complications such as: need of assisted ventilation (most common), apnea and bradycardia, emesis, cyanosis and re-intubation (due to laryngospasm). Independent risk factors associated to this complications are (1) history of RDS/bronchopul-monary dysplasia, (2) history of patent ductus arteriosus, (3) low absolute weight (< 1,5 Kg), and (4) anemia (Hgb < 10 gm – is associated to a higher incidence of post-op apnea). Postconceptual age (sum of intra- and extrauterine life) has been cited as the factor having greatest impact on post-op complications. These observation makes imperative that preemies (with post conceptual age of less than 45 weeks) be carefully monitored in-hospital for at least 24 hours after surgical repair of their hernias. Outpatient repair is safer for those prematures above the 60 wk. of postconceptual age. The very low birth weight infant with symptomatic hernia can benefit from epidural anesthesia. 

At times, the indirect inguinal hernia will extend into the scrotum and can be reduced by external, gentle pressure. Occasionally, the hernia will present as a bulge in the soft tissue overlying the internal ring. It is sometimes difficult to demonstrate and the physician must rely on the patient's history of an intermittent bulge in the groin seen with crying, coughing or straining. 

Elective herniorrhaphy at a near convenient time is treatment of choice. Since risk of incarceration is high in children, repair should be undertaken shortly after diagnosis. Simple high ligation of the sac is all that is required. Pediatric patients are allowed to return to full activity immediately after hernia repair. Patients presenting with incarceration should have an attempt at reduction (possible in greater than 98 % with experience), and then admission for repair during that hospitalization. Bilateral exploration is done routinely by most experienced pediatric surgeons. Recently the use of groin laparoscopy through the hernial sac permits visualization of the contralateral side. 

Approximately 1% of females with inguinal hernias will have the testicular feminization syndrome. Testicular feminization syndrome (TFS) is a genetic form of male pseudohermaphroditism (patient who is genetically 46 XY but has deficient masculinization of external genitalia) caused by complete or partial resistance of end organs to the peripheral effects of androgens. This androgenic insensitivity is caused by a mutation of the gene for androgenic receptor inherited as an X-linked recessive trait. In the complete form the external genitalia appear to be female with a rudimentary vagina, absent uterus and ovaries. The infant may present with inguinal hernias that at surgery may  contain testes. Axillary/pubic hair is sparse and primary amenorrhea is present. The incomplete form may represent undervirilized infertile men. Evaluation should include: karyotype, hormonal assays, pelvic ultrasound, urethrovaginogram, gonadal biopsy and labial skin bx for androgen receptor assay. This patients will never menstruate or bear children. Malignant degeneration (germ cell tumors) of the gonads is increased (22-33%). Early gonadectomy is advised to: decrease the possible development of malignancy, avoid the latter psychological trauma to the older child, and eliminate risk of losing the pt during follow-up. Vaginal reconstruction is planned when the patient wishes to be sexually active. These children develop into very normal appearing females that are sterile since no female organs are present. 

Hydroceles. A hydrocele is a collection of fluid in the space surrounding the testicle between the layers of the tunica vaginalis. Hydroceles can be scrotal, of the cord, abdominal, or a combination of the above. A hydrocele of the cord is the fluid-filled remnant of the processus vaginalis separated from the tunica vaginalis. A communicating hydrocele is one that communicates with the peritoneal cavity by way of a narrow opening into a hernial sac. Hydroceles are common in infants. Some are associated with an inguinal hernia. They are often bilateral, and like hernias, are more common on the right than the left. Most hydroceles will resolved spontaneously by 1-2 years of age. After this time, elective repair can be performed at any time. Operation is done through the groin and search made for an associated hernia. Aspiration of a hydrocele should never be attempted. As a therapeutic measure it is ineffective, and as a diagnostic tool it is a catastrophe if a loop of bowel is entrapped. A possible exception to this is the postoperative recurrent hydrocele. 

Undescended Testis

The undescended testis is a term we use to describe all instances in which the testis cannot be manually manipulated into the scrotum. The testes form from the medial portion of the urogenital ridge extending from the diaphragm into the pelvis. In arrested descent, they may be found from the kidneys to the internal inguinal ring. Rapid descent through the internal inguinal ring commences at approximately week 28, the left testis preceding the right. Adequate amounts of male hormones are necessary for descent. The highest levels of male hormones in the maternal circulation have been demonstrated at week 28. Thus, it appears that failure of descent may be related to inadequate male hormone levels or to failure of the end-organ to respond. The undescended testes may be found from the hilum of the kidney to the external inguinal ring. A patent processus vaginalis or true hernial sac will be present 90 % of the time. 

The undescended testis found in 0,28 % of males can be palpable (80 %; most at inguinal canal), or non-palpable (20 %). Testes that can be manually brought to the scrotum are retractile and need no further treatment. Parents should know the objectives, indications and limitations of an orchiopexy: that the testis could not exist (testicular vanishing syndrome), even after descend can atrophy, that it cannot be fixed and removal is a therapeutic possibility. To improve spermatogenesis (producing an adequate number of spermatozoids) surgery should be done before the age of two. Electron microscopy has confirmed an arrest in spermatogenesis (reduced number of spermatogonias and tubular diameter) in undescended testis after the first two years of life. Other reasons to pex are: a higher incidence of malignancy, trauma and torsion, and future cosmetic and psychological problems in the child. The management is surgical; hormonal (Human Chorionic Gonadotropin) treatment has brought conflicting results except bilateral cases. Surgery is limited by the length of the testicular artery. Palpable testes have a better prognosis than non-palpable. Laparoscopy can be of help in non-palpable testis avoiding exploration of the absent testis. 

Umbilical Hernias

An umbilical hernia is a small defect in the abdominal fascial wall in which fluid or abdominal contents protrude through the umbilical ring. The presence of a bulge within the umbilicus is readily palpable and becomes more apparent when the infant cries or during defecation. The actual size of the umbilical hernia is measured by physical examination of the defect in the rectus abdominis muscle, and not by the size of the umbilical bulge. The size of the fascial defect can vary from the width of a fingertip to several centimetres. Embryologically, the cause of an umbilical hernia is related to the incomplete contraction of the umbilical ring. The herniation of the umbilicus is a result of the growing alimentary tract that is unable to fit within the abdominal cavity. Umbilical hernias are more prevalent in females than in males and are more often seen in patients with African heritage. The increased frequency of umbilical hernias has also been attributed to premature babies, twins and infants with long umbilical cords. There is also a frequent association with disorders of mucopolysaccharide metabolism, especially Hurler's Syndrome (gargoylism). Most umbilical hernias are asymptomatic; the decision to repair the umbilical hernia in the first years of life is largely cosmetic and is often performed because of parental request, not because of pain or dysfunction. In the past, some parents use to tape a coin over the umbilical bulge, however, manual compression does not have an effect on the fascial defect. Treatment of umbilical hernia is observation. Most umbilical hernias spontaneously close by age two, with 90 % closed by age three and 95 % closed by age five. However, surgical repair is recommended if the hernia has not closed by the age of five. If a large defects (> 2 cm) remains after the age of 2, spontaneously repair in unlikely and may be closed surgically. The incidence of incarceration (trapped intestinal loop) is rare, even in larger defects. Females should especially have their umbilical hernia corrected before pregnancy because of the associated increased intra-abdominal pressure that could lead to complications. The procedure is simple and incidence of complication such as infection is extremely rare. The repair is usually done as outpatient surgery under general anesthetic. 

Omphalocele

The three most common abdominal wall defect in newborns are umbilical hernia, gastroschisis and omphalocele. Omphalocele is a milder form of primary abdominoschisis since during the embryonic folding process the outgrowth at the umbilical ring is insufficient (shortage in apoptotic cell death). 

Bowel and/or viscera remains in the umbilical cord causing a large abdominal wall defect. Defect may have liver, spleen, stomach, and bowel in the sac while the abdominal cavity remains underdeveloped in size. The sac is composed of chorium, Wharton's jelly and peritoneum. The defect is centrally localized and measures 4-10 cm in diameter. A small defect of less than 2 cm with bowel inside is referred as a hernia of the umbilical cord. There is a high incidence (30-60 %) of associated anomalies in patients with omphalocele. Epigastric localized omphalocele are associated with sternal and intracardiac defects (i.e., Pentalogy of Cantrell), and hypogastric omphalocele have a high association with genito-urinary defects (i.e., Cloacal Exstrophy). All have malrotation. Cardiac, neurogenic, genitourinary, skeletal and chromosomal changes and syndromes are the cornerstones of mortality. Antenatal diagnosis may affect management by stimulating search for associated anomalies and changing the site, mode or timing of delivery. Cesarean section is warranted in large omphaloceles to avoid liver damage and dystocia. After initial stabilization management requires consideration of the size of defect, prematurity and associated anomalies. Primary closure with correction of the malrotation should be attempted whenever possible. If this is not possible, then a plastic mesh/silastic chimney is fashioned around the defect to cover the intestinal contents and the contents slowly reduced over 5-14 days. Antibiotics and nutritional support are mandatory. Manage control centers around sepsis, respiratory status, liver and bowel dysfunction from increased intraabdominal pressure. 

Gastroschisis

Gastroschisis is a congenital evisceration of part of the abdominal content through an anterior abdominal wall defect found to the right of the umbilicus. The protruding gut is foreshortened, matted, thickened and covered with a peel. In a few babies (4 to 23 %) an intestinal atresia (IA) further complicates the pathology. IA complicating gastroschisis may be single or multiple and may involve the small or large bowel. The IA might be the result of pressure on the bowel from the edge of the defect (pinching effect) or an intrauterine vascular accident. Rarely, the orifice may be extremely narrow leading to gangrene or complete midgut atresia. In either case the morbidity and mortality of the child is duplicated with the presence of an IA. Management remains controversial. Alternatives depend on the type of closure of the abdominal defect and the severity of the affected bowel. With primary fascial closure and good-looking bowel primary anastomosis is justified. Placement of a silo calls for delayed resection performing a second look operation at a later stage to save intestinal length. Angry looking dilated bowel prompts for proximal diversion, but the higher the enterostomy the greater the problems of fluid losses, electrolyte imbalances, skin excoriation, sepsis and malnutrition. Closure of the defect and resection with anastomosis two to four weeks later brings good results. Success or failure is related to the length of remaining bowel more than the specific method used. 

V. GASTROINTESTINAL BLEEDING

Upper GI bleeding (Neonate)
 Initially do an Apt test to determine if blood comes from fetal origin or maternal origin (blood swallowed by the fetus). If its of fetal origin then consider a coagulation profile (PT, PTT). If this coagulation profile is normal the possibilities are either stress gastritis or ulcer disease. If the coagulation profile is abnormal then consider hematologic disease of the newborn and manage with vitamin K. The apt test is performed by mixing 1 part of vomitus with 5 part H2O, centrifuge the mixture and remove 5 ml (pink). Then add 1 ml 1 % NaOH, wait 2 minutes and if it remains pinks is fetal blood, if it turns brown-yellow its maternal blood. 

Lower GI bleeding (Neonate)
Again start with an Apt test, if its positive its maternal swallow blood, if its negative do a PT, PTT. If the coagulation profile is abnormal give Vit K for hematologic disorder of newborn. If it's normal do a rectal exam. A fissure could be the cause, if negative then consider either malrotation or Necrotizing enterocolitis.

Necrotizing Enterocolitis (NEC). Although the exact pathogenesis of NEC is not known, the most widely held theory is that of perinatal stress leading to selective circulatory ischemia. The stress includes prematurity, sepsis, hypoxia, hypothermia, and jaundice. These babies frequently have umbilical artery, vein catheters, have received exchange transfusions or early feeds with hyperosmolar formulas. The intestinal mucosal cells are highly sensitive to ischemia and mucosal damage leads to bacterial invasion of the intestinal wall. Gas-forming organisms produce pneumatosis intestinalis (air in the bowel wall readily seen on abdominal films). Full-thickness necrosis leads to perforation, free air and abscess formation. These usually premature infants develop increased gastric residuals, abdominal distension, bloody stools, acidosis and dropping platelet count. The abdominal wall becomes reddened and edematous. There may be persistent masses and signs of peritonitis. Perforation leads to further hypoxia, acidosis and temperature instability. The acid-base status is monitored for worsening acidosis and hypoxia. Serial platelet counts are obtained and, with increasing sepsis, the platelet count drops < 50,000, indicating intravascular coagulation and decreased bone marrow production. The white blood cell count may be high, low or normal and is not generally of help. Serial abdominal films are obtained to look for evidence of free abdominal air, a worsening picture of pneumatosis intestinalis, or free portal air. Therapy consist initially of stopping feeds, instituting nasogastric suctioning and beginning broad-spectrum antibiotics (ampicillin and gentamycin). Persistent or worsening clinical condition and sepsis or free air on abdominal films require urgent surgical intervention. Attempts to preserve as much viable bowel as possible are mandatory to prevent resultant short gut syndrome. 

Complicated NEC is the most common neonatal surgical emergency of modern times, has diverse etiologies, significant mortality and affects mostly premature babies. The use of primary peritoneal drain (PPD) in the management of NEC dates from 1977. The technique is used in the very low birth weight premature infant (< 1500 gm) with pneumoperitoneum, metabolic and hemodynamic instability. Consist of a right lower quadrant incision and placement of a drainage (penrose or catheter) under local anesthesia with subsequent irrigation performed bedside at the NICU. Initially used as a temporizing measure before formal laparotomy, some patient went to improvement without the need for further surgery (almost one-third). They either had an immature (fetal type) healing process or a focal perforation (not associated to NEC?) which healed spontaneously. Those babies not improved by PPD either die (20 %), go on to laparotomy and half die (20 %) or develop complications (24 %). Some suggestion made are: PPD should be an adjunct to preop stabilization, before placing drain be sure pt has NEC by X-rays, persistent metabolic acidosis means uncontrolled peritoneal sepsis, do not place drain in pts with inflammatory mass or rapid development of intraperitoneal fluid, the longer the drainage the higher the need for laparotomy.

Upper GI Bleeding (Older Children)

 In the initial evaluation a history should be obtained for bleeding disorders, skin lesions, and aspirin or steroid ingestion. The physical exam for presence of enlarged liver, spleen, masses, ascites, or evidence of trauma or portal hypertension. Labs such as bleeding studies and endoscopy, contrast studies if bleeding stops. Common causes of Upper GI bleeding are: 

1.  Esophagus 

(a) Varices – usually presents as severe upper gastrointestinal bleeding in a 2-3 year old who has previously been healthy except for problems in the neonatal period. This is a result of extrahepatic portal obstruction (portal vein thrombosis most commonly), with resulting varices. The bleeding may occur after a period of upper respiratory symptoms and coughing. Management is initially conservative with sedation and bedrest; surgery ir rarely needed. 

(a)  Esophagitis – this is a result of persistent gastroesophageal reflux leading to inflammation and generally slow, chronic loss of blood from the weeping mucosa. Treatment consist of antacids, frequent small feeds, occasionally medications and if not rapidly improved, then surgical intervention with a fundoplication of the stomach. 

(b)  Mallory-Weiss – this is a tear of the distal esophagus and/or gastroesophageal junction secondary to severe regurgitation. This was thought to be uncommon in children because it was not looked for by endoscopy. It probably occurs more often than previously thought. Treatment initially is conservative and, if persistent, oversewing of the tear through an incision in the stomach will be successful. 

(c) Duplication cysts – Rare cause, they are seen on the mesenteric side of the intestine anywhere from the esophagus to the anus. They bleed when there is ectopic gastric mucosa present. Total excision is curative. 

2. Stomach 

(a) Gastric Erosions – managed medically in most cases.  

(b) Ulcer – treated medically unless there is persistent hemorraghe, obstruction or perforation. 

(c) Hematoma – usually secondary to trauma or bleeding disorders. 

3. Duodenum 

(a) Duodenitis – associated to acid peptic disease. 

(b) Hematobilia – secondary to blunt or penetrating abdominal injury. Occasionally requires surgical intervention with local repair or ligation of hepatic vessels. 

Older GI Bleeding (Older Children)

Anal fissure is the most common cause of rectal bleeding in the first two years of life. Outstretching of the anal mucocutaneous junction caused by passage of large hard stools during defecation produces a superficial tear of the mucosa in the posterior midline. Pain with the next bowel movement leads to constipation, hardened stools that continue to produce cyclic problems. Large fissures with surrounding bruising should warn against child abuse. Crohn's disease and leukemic infiltration are other conditions to rule-out. The diagnosis is made after inspection of the anal canal. Chronic fissures are associated with hypertrophy of the anal papilla or a distal skin tag. Management is directed toward the associated constipation with stool softeners and anal dilatations, warm perineal baths to relax the internal muscle spasm, and topical analgesics for pain control. If medical therapy fails excision of the fissure with lateral sphincterotomy is performed. 

Meckel's diverticulum (MD), the pathologic structure resulting from persistence of the embryonic vitelline duct (yolk stalk), is the most prevalent congenital anomaly of the GI tract. MD can be the cause of: gastrointestinal bleeding (most common complication), obstruction, inflammation and umbilical discharge in children and   50 % occur within the first two years of life. Diagnosis depends on clinical presentation. Rectal bleeding from MD is painless, minimal, recurrent, and can be identified using 99mTc-pertechnetate scan; contrasts studies are unreliable. Persistent bleeding requires arteriography or laparotomy if the scan is negative. Obstruction secondary to intussusception, herniation or volvulus presents with findings of fulminant, acute small bowel obstruction, is diagnosed by clinical findings and contrast enema studies. The MD is seldom diagnosed preop. Diverticulitis or perforation is clinically indistinguishable from appendicitis. Mucosal polyps or fecal umbilical discharge can be caused by MD. Overall, complications of Meckel's are managed by simple diverticulectomy or resection with anastomosis. Laparoscopy can confirm the diagnosis and allow resection of symptomatic cases. Removal of asymptomatic Meckel's identified incidentally should be considered if upon palpation there is questionable heterotopic (gastric or pancreatic) mucosa (thick and firm consistency) present. 

Juvenile Polyps. Childhood polyps are usually juvenile (80 %). Histology features a cluster of mucoid lobes surrounded by flattened mucussecreting glandular cells (mucous retention polyp), no malignant potential. Commonly seen in children age 310 with a peak at age 56. As a rule only one polyp is present, but occasionally there are two or three almost always confined to the rectal area (within the reach of the  finger). Most common complaint is bright painless rectal bleeding. Occasionally the polyp may prolapse through the rectum. Diagnosis is by barium enema, rectal exam, or endoscopy. Removal by endoscopy is the treatment of choice. Rarely colotomy and excision are required. 

Portal hypertension 

Portal hypertension (PH) is defined as impairment of venous outflow from the portal tract with pressures exceeding 11 mmHg in the portal system or a splenic pulp pres​sure exceeding 16 mmHg.

The obstruction to portal venous flow is either prehepatic, intrahepatic or suprahepatic. Portal hypertension and resultant compen​satory portosystemic shunting and hepatic parenchymal function are particularly responsible for many of the important complications. Varices are usually the result of portal hypertension, variceal bleeding is usual​ly well tolerated in children and sclerotherapy has largely replaced portosystemic shunts. Ascites is well controlled with nutritional care and diuretics, splenic embolization is preferred to splenectomy and liver transplantation is a very valuable therapeutic alternative for children with end-stage liver disease and portal hypertension.

Pathophysiology. Two theories have been proposed: the “backward/resistance” theory, where portal hypertension is attributed to increased resistance in portal venous flow (hepatofugal) and the “forward-flow” theory in which increased splanchnic inflow into the portal circulation (hepatopetal) maintains high portal pressures, despite the run-off through portosystemic collaterals.

In cirrhotic PH the architecture of the liver is distorted principally at sinusoidal level by cirrho​sis, fibrosis and regenerating liver nodules causing resistance to flow and elevated portal pressures with fur​ther damage to the hepatic parenchyma. Recent studies have shown a dynamic vascular component to flow resistance based on perivenular and perisinusoidal myofibroblast mediators. Porto-collateral smooth muscle vasculature can also play a dynamic role within the resistance theory. The backward theory therefore has two components, i.e. fixed and dynamic.

The “forward-flow” theory is based on hyper-dynamic splanchnic circulation. It is presumed to act as a compensatory protective homeostatic mech​anism to maintain hepatic perfusion and functions through increased cardiac output, reduced peripheral vascular resistance and splanchnic hyperaemia.

Although the mechanisms of these changes are not clearly understood, factors such as an expanded plasma volume, portosystemic shunting, an increase in humoral vasodilators (glucagon), decreased sensitivity to vasoconstrictors or aberrant autonomic control may be involved.

Obstruction proximal to the hepatic sinusoids is seen more commonly in children, hepatic cellular function is usually better preserved, ascites and coagulopathy are rare, general nutrition is satisfactory, bleeding episodes are easier to control and the prognosis is improved. The outcome of obstruction distal to the sinusoids (cirrhosis) is poorer, hepatic func​tion is often compromised and progressively deteriorat​ing and complications are worse, with more ascites, coagulopathy and bleeding.

Longstanding PH is also associated with portal hypertensive intestinal vasculopathy most often involving the stomach (gastropathy) and can be a common source of bleeding. The significance of small bowel involvement (enteropathy) is unclear and colonic involvement (colopathy) can simulate inflammatory bowel disease. Surgical decompression can prevent both acute and chronic rebleeding and has shown reversibility of endoscopic and histological changes.

Aetiology. The causes of PH are usually divided into presinusoidal, sinusoidal and postsinusoidal, depending on the anatomical site of increased resistance to flow. This does not account for the considerable overlap between the presinusoidal and sinusoidal com​ponents of portal hypertension in different types of cirrhosis and whether the hepatic parenchyma per se is subject to high pressures or not. Non-cirrhotic portal hypertension is nearly always due to increased vasculature resistance. A schematic presentation of common causes for portal hypertension in children is shown below.

Common causes of portal hypertension

	
	Anatomical site
	Causes

	Suprahepatic
	
	Budd-Chiari syndrome

Veno-occlusive disease

Constrictive pericarditis

Congestive heart failure

	Intrahepatic
	Postsinusoidal

Hepatic function impaired

Prognosis poor

More severe complications
	Liver cirrhosis/librosis

Biliary atresia

Cystic fibrosis

	
	
	α1-antitrypsin deficiency

Viral hepatitis with postnecrotic cirrhosis

 Wilson's disease



	
	Presinusoidal

Hepatic function preserved Better prognosis

Fewer complications
	Congenital hepatic fibrosis

Primary biliary cirrhosis

Hepatosplenic schistosomiasis

	Prehepatic
	
	Portal vein thrombosis

Idiopathic portal hypertension
Increased splanchnic inflow


In the paediatric age group, prehepatic obstruction is most commonly the result of portal vein obstruction. Portal vein thrombosis may result from perinatal omphalitis. intra-abdominal sepsis, umbilical vein catheterization or severe neonatal illness and dehydra​tion. In over 50% of children no definitive aetiology can be identified.
Many liver diseases resulting in liver cirrhosis or fibrosis will cause PH. Biliary atresia is the sin​gle most important cause in children.

Idiopathic noncirrhotic hepatic fibrosis is an uncommon cause. The disease pre​sents predominantly in children and adolescents and has an autosomal recessive inheritance. Progressive fibrotic compression and hypoplasia of the intrahepatic branches of the portal vein results in presinusoidal obstruction. The disease either manifests with hepatosplenomegaly or is associated with multiple forms of kidney disease.

Portal hypertension associated with acute viral hepatitis, fulminating hepatitis and drug induced-hepatitis is rarely of clinical significance in children.

Most lesions resulting in the Budd-Chiari syndrome can be divided into one of three categories: non-thrombotic veno-occlusive disease of the liver, thrombotic occlusion of the hepatic veins or suprahepatic vena cava, or mem​branous obstruction of the suprahepatic inferior vena cava. Predisposing factors are polycythaemia, blood dyscrasias, systemic lupus erythematosus, malig​nancy, chemotherapy and oral contraceptives. A specific cause for the Budd-Chiari syndrome can be found in more than 70% of cases. The disease runs a variable clinical course ranging from an acute, rapid fatal illness to a more chronic condition characterized by progressive cirrhosis, portal hypertension, ascites and wasting.

Consequences of portal Hypertension

1. Collateral circulation and oesophageal varices. Portosystemic collaterals and increased lymph production develop in an attempt to decompress the portal system. These sites are pre​dominantly around the lower end of the oesophagus, falciform ligament, haemorrhoidal plexus, posterior abdominal wall, draining into the inferior vena cava, left kidney, pulmonary vein and extraperitoneal sur​faces of abdominal organs. These collateral channels dilate and multiply to accommodate the increased blood flow. The normal venous anatomy of the lower oesophagus consists of five distinct components:

1 - intraepithelial channels running radially within the epithelial layer, draining the capillary network of this area and joining the superficial venous plexus;

2 - superficial venous plexus (SVP) forming a rich network in the submucosal layer and communicating with the deep intrinsic veins;

3 - deep intrinsic veins (DIV) consisting of three to five main trunks. Both the SVP and the DIV communicate freely with their counterpart veins in the stomach;

4 - perforating veins connecting the deeper venous plexuses with the adventitial veins predominantly in the area above the gastro-oesophagcal junction;

5 - adventitial veins consisting of numerous veins in the perioesophageal area.

All of these channels are dilated in patients with PH. The massively enlarged and tortuous deep intrinsic veins constitute the variceal channels with few vascular communications with one another, but link up with the superficial venous plexus and, in established PH, displace the superficial venous plexus and come to lie immediately below the epithelial surface constituting the main variceal channels seen on endoscopy.

Two main theories have been advanced to explain variceal bleeding, i.e. erosive and eruptive: varix size, portal pressure, peptic erosion, ingestion of salicylates, upper respiratory tract infection, the overlying mucosa and connective tissue and delicate haemodynamic changes within the portosystemic vascular bed are all factors determining the potential for variceal rupture. It is postulated that variceal bleeding occurs as a result of rupture or erosion of one of these dilated deep intrin​sic variceal channels, which has come to lie adjacent to the epithelial surface. Another source may be a branch of the superficial venous plexus at or near the point of direct communication with a large varix. Minor variceal bleeding with spontaneous cessation of bleeding can arise from a ruptured branch of the SVP or from dilated intraepithelial channels. Prerupture of these branches is represented by cherry-red spots or red weal stripe markings. Ectopic varices may develop throughout the gastrointestinal tract, biliary tree, blad​der, vagina and perineum.

The venous communication across the four main components could explain the success of intravariceal sclerotherapy as well as the difficulty in eradicating varices in some patients (persistence of variceal veins, recanalization of deep vascular channels, enlargement of veins in the superficial venous plexus) and variceal recurrence in others. Paravariceal sclerotherapy, however, may function by venous thrombosis of smaller veins and plexuses and fibrotic thickening and reinforcement of the overlying mucosa. Following injection, thrombosis and tissue necrosis are evident histologically within 24 hours, ulceration within 7 days and fibrosis by 1 month. Sclerotherapy accelerates the development of collateral venous channels at sites that tend not to bleed.

2. Ascites. The development of ascites is more common in parenchymal portal hypertension. Ascites may present acutely or later with deteriorating liver function or following gastro​intestinal haemorrhage. Ascitic fluid arises from an increase in hepatic-sinusoidal pressure and low serum albumin. The resultant fluid shift into the extravascular space exceeds the capacity of the lymphatic drainage system and fluid exudes through the liver capsule and serosal surfaces of the gut into the peritoneal cavity.

3. Splenomegaly/hypersplenism. In a quarter of children splenomegaly could be the first manifestation. Splenic size does not correlate with the level of obstruction, portal pressure or duration of disease.
Clinical features. A distinction must be made between presinusoidal obstruction with predominantly normal liver function and manifestations of PH, i.e. collateral circulation with oesophageal varices and splenomegaly and postsinusoidal obstruction with impaired liver function and PH.

Bleeding from oesophageal varices is the most com​mon manifestation (70%) of PH in chil​dren. Bleeding is typically of sudden onset and profuse, can cease spontaneously. Children with extrahepatic portal vein obstruction generally bleed at an earlier age (mean 4,3 years) than those with intrahepatic disease (mean 8,5 years) and 73% of all children will bleed before the age of 10 years. Having bled once, all children are at risk of further episodes. Occasionally, the bleeding is more insidious with iron-deficient anaemia, melaena or occult-positive stools.

A child with portal vein thrombosis typically presents with oesophageal haemorrhage, no clinical or biochemical signs of liver failure, splenomegaly and no growth impairment. Conversely, children with liver disease and PH have a contrasting his​tory and clinical presentation. Manifestations of the primary disease, i.e. cystic fibrosis or biliary atresia, and of chronic liver disease, i.e. jaundice, ascites, splenomegaly, bleeding tendency, poor nutritional status and caput medusa, are often present long before haemorrhage becomes apparent. Hepatomegaly or a small nodular and hard liver may be of equal impor​tance. Ascites are not always easy to detect clinically and can be of sudden or protracted onset. Longstanding splenomegaly, a constant sign of portal hypertension, can be complicated by hypersplenism and although pancytopenia may be prominent it seldom requires ther​apy.

Diagnosis. Diagnostic investigations should be directed towards establishing the cause, the anatomy of the mesenteric-portohepatic vascular system and collaterals, and the complications.

The evaluation of liver functions requires the rational combination of clinical examination, laboratory tests, radiological imaging and histology. Liver function tests may be normal in congenital hepatic fibrosis and portal vein thrombosis, minimally abnormal in the Budd-Chiari syndrome and grossly abnormal in biliary atresia. Hepatic insufficiency is characterized by hyper-bilirubinaemia, hypoalbuminaemia, elevated liver enzymes, coagulopathy and hyperammonia. The grad​ing of liver disease in a child is not an important factor in predicting variceal haemorrhage.

Liver biopsy with confirmation of normal or abnor​mal hepatic morphology is an essential component to document.

A plain abdominal roentgenogram should be carried out as a routine and will reveal indirect evidence of visceromegaly, organ displacement, presence of collateral circulation and ascites.

The most useful screening modality is ultrasonography. It allows visualization of the parenchyma of the liver and spleen, the portal vein and main tributaries, the hepatic veins and intrahepatic and suprahepatic vena cava and other collaterals. Non-invasive methods for the determination of portal vein and hepatic arterial flow, direction and velocity are available.

The portal venous system can be mapped through arterioportography following selective celiac axes and superior mesenteric arterial angiography. Digital splenoportography is an alternative method in children with improved visualization of the portal venous sys​tem and collateral anatomy. Direct portography may not provide detailed informa​tion regarding the portal vein and collateral circulation in the presence of hepatofugal flow in patients with portal hypertension.

Portal venous pressure measurements can be made by several invasive methods, i.e. laparotomy. spleno​portography and wedge hepatic venous pressure, but these are no longer conducted routinely.

Upper gastrointestihal fibre-optic endoscopy, usually carried out under general anaesthesia, is the preferred method of confirming the diagnosis of oesophageal varices. Varices usually affect the lower 3-5 cm of the oesophagus and may extend into the fundus of the stomach. Endoscopy will exclude other possible causes of haemorrhage and has therapeutic implications. Endoscopic signs of impending variceal rupture have been proposed, including variceal size and colour (white or blue), cherry-red spots, red weal markings, subepithelial blood-filled channels and erosion of the epithelium by a large branch of the super​ficial venous plexus.

Intravariceal pressure can also be measured and used as a predictor of variceal haemorrhage. Barium oesophagogastroduodenography is an alterna​tive method of assessing the anatomy of the foregut.

Treatment. The underlying cause and complications of portal hypertension will determine the treatment strategies. Children generally have a better prognosis, especially those with extrahepatic biliary atresia. Deterioration of cirrhotic liver disease is more gradual in children than in adults, and they can outgrow the effects of portal hypertension with the formation of more effective collaterals with time. Shunt surgery is generally not favoured in children and the efficacy of either transvariceal or paravariccal sclerotherapy or both has been shown to control haemorrhage and to eradicate varices. Liver transplantation remains a viable option for end-stage liver disease.

Oesophageal variceal haemorrhage

There are three considerations: the emergency manage​ment of acute variceal bleeding, long-term management of patients following a variceal bleed (the use of repeated sclerotherapy, shunts and β-blockers), and prophylactic management of varices that have not bled before.

Children with decompensated hepatic function, encephalopathy, coagulopathy, ascitis, malnutrition and infections are at risk for intervention, and non-surgical measures and nutritional support are corner-stones of initial management. Most variceal bleeding, however, responds to bed rest, blood transfusions and vasopressin infusions.

Acute variceal Haemorrhage

1. Initial measures. All patients require intensive care, and standard methods of resuscitation should be instituted including crystal​loids, colloid solutions, fresh blood or blood components, nasogastric decompression (gastric evacuation of blood, assessment of ongoing bleeding and cold gastric lavages), and ongoing monitoring. Over-transfusion should be avoided and albumin transfusions may help to prevent postoperative ascites.

2. Endoscopy. Immediate fibre-optic endoscopy is essential. It will con​firm the presence of oesophageal varices and the source of bleeding. The majority of patients will fall into one ot three groups: those with active bleeding varices, those with varices that have stopped bleeding (endoscopy fails to identify any other source and the varix, or varices, has an adherent clot overlying it) and those with another source of bleeding.

Once variceal bleeding has been confirmed, therapy should be instituted henceforth. Three methods are used in conjunction with each other to control variceal haemorrhage initially, i.e. intravenous vasopressin, sclerotherapy and balloon tamponade.
Indications for portosystemic shunts: sclerotherapy failure; unsuitable for liver transplantation; bleeding from some source distal to oesophagus; isolated portal vein thrombosis; lack of compliance, inadeguate long-term care.

3. Vasopressin. The continuous intravenous infusion of vasopressin at a dose of 0.2-0.4 U/1.73 m2/min (or 0.4 U/min), has an overall efficacy of approximately 50% and should be started when variceal bleeding is suspected. It functions by generalized vasoconstriction, diminished portal blood flow and reduced portal hypertension. Vasopressin combined with nitroglycerin is not utilized in children. Cardiac com​plications, plasminogen activator and factor VIII release may potentially limit the use of vasopressin. The value of alternative drugs including somatostatin, terlipressin, metoclopramide, prostaglandins, propranolol and cisapride is as yet unproven and cannot be recommended.
4. Emergency sclerotherapy. This is as effective in controlling acute bleeding as balloon tamponade and is the treat​ment of choice, once adequate venous access has been established and hypovolaemia resolved.

Variceal bleeding usually originates from an area 1-2 cm above the gastro-oesophageal junction or from gastric fundal varices. Active bleeding may obscure the site of bleeding and vigorous lavage may be required for visualization of the bleeding point. Blind attempts at injection should be guarded against. The most effica​cious injection method is a combination of paravariceal and transvariceal sclerotherapy.

Initial paravariceal submucosal injection is made immediately adjacent to the bleeding site using 0.5-1 ml of 5% etanolamine oleate or 0.5-1 ml of 0.5-1% pilodocanol. Altematively, TES (tetradecylsulphate, ethanol and saline in equal propor​tions, dose 0.5-3 ml per varix, with a maximum of 0.8 ml/kg per session) can be used. The amount instilled at each site should be enough to produce visible blanching and swelling of the mucosa (±1-3 ml). This is then followed by trans​variceal sclerotherapy into each variceal channel commencing at the gastro-oesophageal junction and proceeding proximally in a helical fashion for 5-7 cm. It is neither necessary nor advisable to obliterate more proximal varices.
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Any additional or residual bleeding from a varix or needle puncture site should be controlled by further paravariceal injections. If bleeding recurs in the early postinjection period the patient should be re-endoscoped and the bleeding varix injected.
The child is then observed in an intensive care unit (ICU) and oral fluids are allowed within the first 24 hours. Sclerotherapy controls acute bleeding in 80-100% of patients.
5. Balloon tamponade. A Sengstaken-Blakemore tube is very effective in temporarily controlling acute variceal haemorrhage. It also allows time for resuscitation and planning of further management. The tube should be positioned carefully, and not left for longer than 6-12 hours. Pulmonary aspiration, laryngeal and tracheal obstruction are the most serious complications. Repeat endoscopy and sclerotherapy should then be performed because of the 50% chance of recur​rent bleeding. This approach has a success rate of up to 80-96,5% in arresting bleeding from gastro-oesophagoeal varices.
Prevention of recurrent variceal bleeding. Repeat flexible endoscopy and sclerotherapy is then performed every 1-2 weeks until all varices have been eradicated or converted into thrombosed cords. In the presence of sloughing or ulceration of the oesophageal mucosa, repeat injection should be delayed for 1 week until healing has occurred. The administration of omeprazole or ranitidine may accelerate healing. With further variceal bleeding the same programme is repeated after haemodynamic stability has been achieved.

Once all varices have been sclerosed, endoscopy is repeated at 3, 6, 9 and 12 months and every 6-12 months thereafter. On average 5-9 injections (sessions) are required to eradicate varices. Recurrence of varices, usually single, can occur in 12-33% of children within 1-3,5 years following initial eradication and long-term surveillance is mandatory. Fortunately, recurrent variceal bleeding episodes are usually minor and self-limiting.

Complications of sclerotherapy are common (54%) and though mostly minor include mild pyrexia, retrosternal discomfort, tachycardia, transient dysphagia, oesophageal ulceration, stricture, oesophageal perfora​tion and rebleeding. Rigid endoscopy. repeated injections into the same bleeding varix, the use of highly sclerosing agents and large total volumes may predispose to these complications.

Gastric varices
Bleeding from these varices is usually more severe and carries a higher morbidity. In up to one-third of patients variceal bleeding arises from gastric varices. Those situated within the gastro-oesophageal junction or lesser curva​ture may be managed by sclerotherapy and often dis​appear. Active bleeding from fundal varices can best be controlled through a high anterior gastrostomy and underrunning with an absorbable suture, followed by oesophageal variceal endosclerosis at a later date.

Alternative therapy
1. Long-term pharmacological therapy is an appealing alternative to surgical therapy. Most experience has been gained with the non-selective ß-receptor antago​nist propranolol. This drug reduces cardiac output, reduces portal venous inflow, constricts the splanchnic arterial bed, and currently is the only drug indicated for the prophylaxis of variceal bleeding. The most useful indication is for a highly selected group of patients who are unable to undergo sclerotherapy. Survival is not improved and with ß-blockage difficulties may be encountered with vasomotor control during resuscitation, the risk of bleeding on withdrawal is increased and it may aggravate encephalopathy. Calcium channel blockers, serotonin antagonists and nitrates are under investigation.

2. Endoscopic variceal ligation (EVL). This novel technique could be an effective alternative to endoscopic sclerotherapy. Varices are mechanically ensnared with small elastic O-rings, causing necrosis within 4-7 days followed by re-epithelialization and scar formation. Initial EVL of large varices followed by sclerotherapy may ultimately prove the best way to eradicate varices expeditiously.
3. Portosystemic shunts. Emergency portosystemic shunts can effectively reduce variceal bleeding and prevent recurrent bleeding but are seldom indicated in children. Shunts can be constructed successfully with a vessel size as small as 5 mm in diameter. Unfortunately, these shunts partially divert hepatotrophic blood away from the liver.
Shunts are indicated in children under the following circumstances:

• continual oesophageal variceal bleeding following failed emergency sclerotherapy;

• bleeding from ectopic variceal sites not accessible to sclerotherapy;

• uncontrollable  or continued  bleeding  from oesophageal ulceration following sclerotherapy;

• isolated portal vein thrombosis;

• patients with variceal haemorrhage who are not suit​able for liver transplantation;

• technical expertise for sclerotherapy not available and in children where long-term care cannot be assured.

Disadvantages of shunt procedures are the unpre​dictable occurrence of postoperative encephalopathy, the high failure rate of shunts in small children (younger than 10 years) because of technical difficul​ties, thrombosis and a rebleeding rate of 2-47%, accelerated liver failure because of diversion of portal blood flow, concern about major surgery in patients who may stop haemorrhaging spontaneously, the devel​opment of effective spontaneous portosystemic shunts with time (48%), a surgical procedure that could com​promise future liver transplantation and a 4,2% mortality.
Emergency shunts are indicated in approximately 4-10% of patients who do not respond to sclerotherapy. These shunts are associated with significant morbidity and mortality of 0-22% and rebleeding rates from 2 to 47%.

The distal splenorenal shunt is usually reserved for elective surgery. The shunt decompresses the oesophago-gastric and splenic vascular bed and maintains portal hepatic perfusion. Long-term shunt patency is 95% (10-year follow-up) and shunt closure is characterized by the early reappearance of varices, abdominal pain and rapid splenomegaly, which is a very difficult situation to handle. The shunts can, however, progressively lose their selectivity within 3 months, with a decrease in the high pressure portal perfusion due to collaterals developing between the portomesenteric and the gastrosplenic sys​tem or advancing liver disease. However, modification of the shunt, preventing deviation of blood away from the liver via the pancreatic siphon, appears to preserve portal perfusion and stabilize hepatic mass.
Alternatively, the H-type superior mesojugular-caval shunt, using an internal jugular vein graft, appears to offer the best long-term patency and lowers the rebleeding rate. This H-type shunt may also be the choice in patients who are candidates for liver transplants. In developing coun​tries a primary splenorenal shunt should be considered as primary procedure and sclerotherapy be reserved for unsuitable veins for surgery or rebleeding after a shunt procedure.

Side-to-side splenorenal shunt with​out splenectomy for non-cirrhotic portal hypertension effectively reduces the size of oesophageal varices with no further rebleeding, ameliorates hypersplenism, remains patent in 87% of children and does not increase the risk of portosystemic encephalopathy. This shunt should be seriously considered if compliance with med​ical care cannot be assured or if care is not readily available.
Angiographic portosystemic shunt

Transjugular intrahepatic portosystemic shunt (TIPS) is a novel idea and is indicated for variceal haemorrhage refractory to sclerotherapy and for patients awaiting liver transplantation. The tech​nique involves the placement of a flexible and expand​able wire-mesh stent to create a channel between hepatic and portal veins within the liver substance. TIPS functions as a side-by-side shunt and maintains hepatopetal and sinusoidal perfusion. Limited clinical experience has shown substantial control of variceal bleeding, resolution of ascites and the absence of encephalopathy.

4. Although oesophageal transection and devascularization procedures are seldom performed in children, they would seem to be the preferred procedures if portosys​temic shunting is not feasible. Their main role is in the emergency man​agement of variceal bleeding, in patients in whom repeated sclerotherapy has failed, in younger children where shunts are not feasible and when sclerotherapy is not available.
Tech​nical considerations include either thoracoabdominal or transabdominal portoazygos devascularization of the upper half of the stomach and lower third of the oesoph​agus, with splenic preservation and oesophageal tran​section. The procedure maintains portal flow but is associated with a rebleeding rate of 10%.

5. Hepatic transplantation is the only available therapy that prevents recurrent variceal bleeding and resolves the underlying liver disease, and this is the accepted treatment for otherwise healthy patients who have end-stage liver disease.

Hypersplenism

Splenectomy is not advocated as a procedure of choice for symptomatic hypersplenism, as it may increase the incidence of infection, precipitate portal vein thrombosis, preclude specific shunt procedures and fail to reduce the incidence of variceal bleeding. In contrast, selective splenic embolization fulfils all the criteria of effectively controlling hypersplenism, reducing the incidence of rebleeding, conserving splenic immune function, reducing the size and maintaining portal venous flow. The aim of the procedure is to infarct 70-80% of splenic tissue. It must be done in conjunction with pneumococcal vaccination and possibly long-term antibiotic prophylaxis to the age of 6 years. Immediate morbidity rates are high, with all patients experiencing transient but significant complications.

Splenectomy may be indicated for isolated portal vein thrombosis with recurrent or life-threatening haemorrhage and a mas​sive spleen, but should be deferred in patients with minimal transfusion requirements or prior episodes of gastrointestinal bleeding.
Ascites

Most patients with mild to moderate ascites can be managed with the rational use of salt restriction and diuretics. Those patients with tense ascites, respiratory impairment, infection, renal impairment or hepatic encephalopathy should receive additional measures such as bed rest, fluid restriction, spironolactone in combination with flurosemide and salt-poor human albumin infusions. Medically, refractory ascites should be treated with large-volume paracentesis and albumin or plasma transfusions. These patients should be considered for liver transplantation. Peritoneovenous shunts will relieve ascites but are associated with a high rate of complications, including blockage, bacterial infections, intravascular coagulopathy, pulmonary oedema and gastrointestinal haemorrhage. These shunts should be limited to a very selected group where the benefits outweigh the risks.
In summary, sclerotherapy is the definitive treatment for children with extrahepatic portal hypertension, with surgical shunts being reserved for sclerotherapy failure. Partial splenic embolization is seldom carried out, and endoscopic varix ligation may supersede sclerotherapy in the future. The prognosis for children with intrahepatic portal hypertension will depend on the primary liver condition, and sclerotherapy may successfully tem​porize bleeding episodes. Liver transplantation is indi​cated for those patients with deteriorating liver function and bleeding varices. Non-compliant patients or those from remote geographical areas should receive prophy​lactic sclerotherapy or selective shunt procedures.
VI. PANCREATIC AND BILIARY DISORDERS

Pancreatitis
Uncommon disorder in childhood. Trauma (compressed injury against spinal column) and biliary tract disorders (choledochal cyst, cholelithiasis) are most common cause of pancreatitis. The most common congenital ductal anomaly leading to pancreatitis is pancreas divisum. Most common complaint is mid-epigastric abdominal trauma associated with nausea and vomiting.
Diagnosis is confirmed with elevated levels of amylase and lipase. Ultrasound is useful to determine degree of edema and presence of pseudocyst formation. Treatment consists of: NPO, NG decompression, decrease acid stimulation (H-2 blockers), aprotinin, glucagon, and anticholinergics. Pain is relieved with meperidine. When pancreatic serum enzymes level return to near normal level patient is started in low-fat diet. Antibiotic prophylaxis use is controversial. Surgery is indicated for: abscess formation and pseudocyst. Pseudocysts are the result of major ductal disruptions or minor lacerations. Observation allows spontaneous resolution in 40-60 % of cases. Percutaneous aspiration and catheter drainage is another alternative in management. Follow-up studies permit determine if cavity is decreasing in size. This can be done outpatient teaching parents to irrigate the catheter at home to assure patency. Persistency beyond 6 months may need resectional therapy. Additional option is internal drainage (cyst-gastrostomy, cyst-jejunostomy). Abscess should be drained and debride.
Pancreatic pseudocyst formation is an uncommon complication of pancreatic inflammatory disease (pancreatitis) or trauma in children. More than half cases are caused by blunt abdominal trauma. Ultrasound is the most effective and non-invasive way of diagnosing pancreatic pseudocysts. Acute pseudocysts are managed expectantly for 4-6 wk. until spontaneous resolution occurs. 25-50 % will undergo spontaneous resolution. Medical therapy consists of decreasing pancreatic stimulation and giving nutritional support. Rupture is the major complication of conservative management. Chronic pseudocysts (> three months) will benefit from prompt operation and internal drainage since resolution is rare. Percutaneous catheter drainage under local anesthesia using Ultrasound or CT guided technique is an appropriate method of first-line therapy for non-resolving (chronic) or enlarging pancreatic pseudocysts. The approach is transgastric or transcutaneous.
Those cysts that fail to resolve with percutaneous drainage should go investigation of ductal anatomy to rule out disruption of the main pancreatic duct. The need for further surgery (drainage or resectional) will depend on the status of the duct of Wirsung.

Biliary Atresia

Persistent conjugated hyperbilirubinemia (greater than 20 % of total or 1,5 mg%) should be urgently evaluated. Initial evaluation should include a well-taken history and physical exam, partial and total bilirubin determination, type and blood group, Coomb's test, reticulocyte cell count and a peripheral smear. Cholestasis means a reduction in bile flow in the liver, which depends on the biliary excretion of the conjugated portion. Reduce flow causes retention of biliary lipoproteins that stimulates hypercholesterolemia causing progressive damage to the hepatic cell, fibrosis, cirrhosis and altered liver function tests.
Biliary Atresia (BA) is the most common cause of persistently direct (conjugated) hyperbilirubinemia in the first three months of life. It is characterized by progressive inflammatory obliteration of the extrahepatic bile ducts, an estimated incidence of one in 15,000 live births, and predominance of female patients. The disease is the result of an acquired inflammatory process with gradual degeneration of the epithelium of the extrahepatic biliary ducts causing luminal obliteration, cholestasis, and biliary cirrhosis. The timing of the insult after birth suggests a viral etiology obtained transplacentally. Almost 20 % of patients have associated anomalies such as: polysplenia, malrotation, situs inversus, preduodenal portal vein and absent inferior vena cava. Histopathology is distinguished by an inflammatory process in several dynamic stages with progressive destruction, scar formation, and chronic granulation tissue of bile ducts.
Physiologic jaundice of the newborn is a common, benign, and self-limiting condition. In BA the patient develops insidious jaundice by the second week of life. The baby looks active, not acutely ill and progressively develops acholic stools, choluria and hepatomegaly. Non-surgical source of cholestasis shows a sick, low weight infant who is jaundiced since birth. The diagnostic evaluation of the cholestatic infant should include a series of lab tests that can exclude perinatal infectious (TORCH titers, hepatitis profile), metabolic (alpha-1-antitrypsin levels), systemic and hereditary causes. Total bilirubin in BA babies is around 6-10 mg%, with 50-80 % conjugated. Liver function tests are nonspecific. Lipoprotein-X levels greater than 300 mg% and Gamma Glutamyl Transpeptidase (GGT) above 200 units % suggest the diagnosis. The presence of the yellow bilirubin pigment in the aspirate of duodenal content excludes the diagnosis of BA. Ultrasound study of the abdomen should be the first diagnostic imaging study done to cholestatic infants to evaluate the presence of a gallbladder, identify intra or extrahepatic bile ducts dilatation, and liver parenchyma echogenicity. The postprandial contraction of the gallbladder eliminates the possibility of BA even when nuclear studies are positive. Nuclear studies of bilio-enteric excretion (DISIDA) after pre-stimulation of the microsomal hepatic system with phenobarbital for 3-5 days is the diagnostic imaging test of choice. The presence of the radio-isotope in the GI tract excludes the diagnosis of BA. Percutaneous liver biopsy should be the next diagnostic step. The mini-laparotomy is the final diagnostic alternative. Those infant with radiographic evidence of patent extrahepatic biliary tract has no BA.
Medical management of BA is uniformly fatal. Kasai portoenterostomy has decreased the mortality of BA during the last 30 years. Kasai procedure consists of removing the obliterated extrahepatic biliary system, and anastomosing the most proximal part to a bowel segment. Almost three-fourth of patients will develop portal hypertension in spite of adequate postoperative bile flow. They will manifest esophageal varices, hypersplenism, and ascites. Hepatic transplantation is reserved for those patients with failed portoenterostomy, progressive liver failure or late-referral to surgery.

Choledochal Cyst

Choledochal cyst is a rare dilatation of the common bile duct, prevalent in oriental patients (Japan), where > 60 % of patients are less than 10 years old. The etiology is related to an abnormal pancreatic-biliary junction (common channel theory) causing reflux of pancreatic enzymes into the common bile duct (trypsin and amylase). Symptoms are: abdominal pain, obstructive jaundice, a palpable abdominal mass, cholangitis, and pancreatitis. Infants develop jaundice more frequently, causing diagnostic problems with Biliary Atresia. Older children may show abdominal pain and mass. Jaundice is less severe and intermittent. Diagnosis is confirmed with Ultrasound and corroborated with a HIDA (or DISIDA) Scan. Choledochal cysts are classified depending on morphology and localization. Management is surgical and consist of cyst excision and roux-en-Y hepatico-jejunostomy reconstruction. Cyst retention penalties paid are: stricture, cholangitis, stone formation, pancreatitis, biliary cirrhosis, and malignancy. Long-term follow-up after surgery is advised.

Cholelithiasis

With the increase use of sonography in the work-up of abdominal pain, cholelithiasis is diagnosed more frequent in children. Gallstones occur as consequence of loss of solubility of bile constituents. Two types are recognize: cholesterol and bilirubin. Those of cholesterol are caused by supersaturation of bile (lithogenic) by cholesterol overproduction or bile salt deficiency. Bilirubin stones occur due to hemolysis (Sickle Cell, thalassemia) or bacterial infection of bile. Other etiologies include: Ascaris Lumbricoides infestation, drug-induced (ceftriaxone), ileal resection, TPN. etc. Gallbladder sludge is a clinical entity that when it persists can be a predisposing factor for cholelithiasis and cholecystitis.
Laparoscopic Cholecystectomy (LC) has become the procedure of choice for the removal of the disease gallbladder of children. The benefit of this procedure in children is obvious: is safe, effective, well tolerated, it produces a short hospital stay, early return to activity and reduced hospital bill. Several technical differences between the pediatric and adult patient are: lower intrabdominal insufflation pressure, smaller trocar size and more lateral position of placement. Complications are related to the initial trocar entrance as vascular and bowel injury, and those related to the procedure itself; bile duct injury or leak.
Three 5 mm ports and one 10 mm umbilical port is used. Pneumoperitoneum is obtained with Veress needle insufflation or using direct insertion of blunt trocar and cannula. Cholangiography before any dissection of the triangle of Calot is advised by some workers to avoid iatrogenic common bile duct injuries during dissection due to anomalous anatomy, it also remains the best method to detect common bile ducts stones.
Treatment may consist of: (1) endoscopic sphincterotomy, (2) opened or laparoscopic choledochotomy, or (3) transcystic choledochoscopy and stone extraction. Children with hemolytic disorders, i.e. Sickle cell disease, have a high incidence of cholelithiasis and benefit from LC with a shorter length of postop stay and reduced morbidity.
Acalculous cholecystitis (AC) is more commonly found in children than adults. Two-third of cases appear as a complication of other illness: trauma, shock, burns, sepsis, and operative procedures. Contributing causes mentioned are: obstruction, congenital tortuosity or narrowing of the cystic duct, decreased blood flow to the gallbladder, and long-term parenteral nutrition. Males are more commonly affected than females. Fever, nausea, vomiting, diarrhea, dehydration and marked subhepatic tenderness are the most common symptoms. Other less common sx are jaundice, and abdominal mass. Labs show leucocytosis and abnormal liver function tests. Recently (APSA 95), two distinct forms of this disease have been recognized: acute, with symptom duration less than one month and chronic, with sx greater than three months. US is diagnostic by demonstrating hydrops of gallbladder, increase wall thickness and sludge. HIDA scan with CCK stimulation may help diagnose chronic cases. In both situations management consist of early cholecystectomy which can be executed using laparoscopic techniques.

Idiopathic Perforation of Bile Ducts

Spontaneous perforation of the common bile duct is the second cause of surgical jaundice in infants. The perforation is generally identified at the junction of the cystic and common bile ducts. Most infants develop slowly progressive bilious ascites, jaundice, and clay-colored stools. Other patients develop an acute bile peritonitis. Diagnosis is by ultrasound or HIDA scan showing extravasation. Paracentesis confirms the nature of the ascitic fluid. Management consist of intraoperative cholangiogram (to demonstrate area of leak), and adequate simple drainage of area. Periportal inflammation precludes vigorous surgical efforts that could be disastrous. Tube cholecystostomy placement help for post-op follow-up studies. The leak generally seals spontaneously during the ensuing 2-3 weeks. Prognosis is good with no long term biliary sequelae.

VII. THORACIC PROBLEMS

Lung bud anomalies
Congenital lobar emphysema (CLE) is an unusual lung bud anomaly characterized by massive air trapping in the lung parenchyma that nearly always occurs in infancy and affects males more commonly (2:1). Lobar over distension causes compression of adjacent lung tissue, mediastinal shift and decrease in venous return. When this occurs persistent progressive respiratory distress (dyspnea, tachypnea, wheezing, cough and cyanosis) develops requiring lobectomy. Asymptomatic CLE exists, more commonly beyond infancy and associated with an acute viral respiratory infection. Lobar hyperinflation, flat diaphragms and retrosternal air, mediastinal shift in simple films suggests the diagnosis. CT scan depicts the abnormal anatomy (lung herniation) and the morphology of the remaining lung. V/Q scans confirm the non-functioning nature of the affected lobe. Upper and middle right lobes are more commonly affected. Etiology centers in a combination of bronchial (flap/valve) obstruction with congenital cartilage dysplasia. Most common associated defect is cardiovascular (VSD, PDA). Symptomatic patients nearly always require lobectomy. Asymptomatic children do not benefit from surgical treatment but need close follow-up. Prenatally diagnosed cases need referral to surgery centers.

Pulmonary sequestrations refer to masses of abnormal lung parenchyma with anomalous systemic blood supply not communicating with the normal tracheobronchial tree. The abnormal lung parenchyma may be Intralobar (IS) or Extralobar Sequestration (ES). Intralobar is contained within the visceral pleural of a lower lobe receiving the blood supply from the abdominal aorta or other thoracic vessel. It is believed IS are acquired postinfectious process due to their association with chronic recurrent lung infection and reactive airway disease. ES is a congenital malformation with variable ectopic blood supply (aorta) having its own pleural investment separate from normal lung, containing typical features of CCAM-2 (40%) and associated malformations (40%). Both types can have patent communication with foregut. Prenatal diagnosis can be obtained with real-time US with Doppler imaging (can cause fetal lung compression, mediastinal shifts and hydrops). Postnatally, contrast-enhanced CT may establish the diagnosis eliminating the need for more invasive imaging (arteriography). Most presents in early infancy with a soft tissue opacity in the posterior basal segments of the lung on simple chest films. Management consists of resection to alleviate symptoms and avoid complications. ES can be managed with resection alone, while IS needs lobectomy.

Cystic Adenomatoid Malformation. Congenital cystic adenomatoid malformation is a lung bud lesion characterize by dysplasia of respiratory epithelium caused by overgrowth of distal bronchiolar tissue. Prenatally diagnosed CCAM prognosis depends on the size of the lung lesion and can cause: mediastinal shift, hypoplasia of normal lung tissue, polyhydramnios, and fetal hydrops (cardiovascular shunt). Classified in two types based on ultrasound findings: macrocystic (lobar, > 5 mm cysts, anechoic, favorable prognosis) and microcystic (diffuse, more solid, echogenic, lethal). Occurs as an isolated (sporadic) event with a low rate of recurrence. Survival depends on histology. Hydrops is caused by vena caval obstruction, heart compression and mediastinal shift. The natural history is that some will decrease in size, while others disappear. Should be follow with serial sonograms. Prenatal management for impending fetal hydrops has consisted of thoraco-amniotic shunts (dislodge, migrate and occlude), and intra-uterine fetal resection (technically feasible, reverses hydrops, allows lung growth). Postnatal management consist of lobectomy.

Bronchogenic cysts (BC), first described in 1911, are benign congenital lesions of the respiratory tract that have the potential to develop complications creating a dilemma in diagnosis and treatment. BC are commonly located in the mediastinum (2/3) or lung parenchyma (1/3) arising from anomalous budding along the primitive tracheobronchial tube (foregut duplication errors). Other atypical locations are cervical, subcutaneous, paravertebral, etc. Contain mucoid material lined with ciliated columnar epithelium (bronchial glands, smooth muscle, cartilage) not communicating with the respiratory tract. Clinical presentation may range from prenatal diagnosis, asymptomatic (1/3) lesions identified during routine work-up to symptomatic (2/3) cases. Infants may show respiratory distress: cough, dyspnea, cyanosis, hemoptysis or dysphagia. Older children present with chest pain, non-productive cough or pulmonary infection. Diagnosis relies on chest films and CT-Scan. Bronchoscopy and barium swallow are not very useful. Infection, hemorrhage, erosion, malignant potential and expansion mandate surgical management consisting of thoracotomy with excision of the lesion if mediastinal in location, and segmentectomy or lobectomy for intraparenchymal cysts. Marsupialization is associated with recurrence.

Chylothorax
Effusion of lymph (chyle) into the pleural cavity is known as chylothorax. Chyle is clear-milky fluid with an elevated total protein and albumin level, a specific gravity above 1.012, the presence of WBC with lymphocyte predominance (80%), and elevated triglyceride (chylomicrons). In children it is a potentially life-threatening disorder that has profound respiratory, nutritional (hypoalbuminemia), electrolyte (hyponatremia) and immunologic (lymphopenia, hypogammaglobulinemia, T-cell depletion) effects. Chylothorax has a congenital (mediastinal lymphangiomatosis), acquired or idiopathic origin. Acquired chylothorax is most commonly found; the result of a direct lesion of the thoracic duct or lymphatic vessels by trauma (thoracotomy, central venous catheters or chest tubes insertions), during cardiac surgery, mediastinal malignancy (neuroblastoma) or infection, repair of a diaphragmatic hernia or associated with superior vena cava obstruction (thrombosis). Initial management consists of:

1 - chest tube drainage after failed thoracentesis (pleural space tamponade),

2 - medium-chain triglyceride enriched formula for a week (lymphatic decompression),

3 - TPN if chylothorax increases or persists. More protracted course (4 week medical tx) will require surgery to locate and suture ruptured subpleural lymphatics, ligate the thoracic duct, do chemical pleurodesis or place a pleuroperitoneal shunt. Those associated with venous obstruction or increase right sided cardiac pressure produce more volume, persist longer and are more difficult to manage.

Spontaneous Pneumothorax
Most pneumothorax in children are the result of blunt/open chest trauma, mechanical ventilation (barotrauma), bronchial asthma or an infectious pulmonary process. Primary spontaneous pneumothorax (PSP) is rare in children with most cases seen in adolescent males with thin body habitus. Main presenting symptoms consist of chest pain, cough and shortness of breath. Recurrence is high in this older population of children. PSP is usually the result of:

1) a ruptured apical bleb or bullae in three-fourth cases,

2) destructive parenchymal disease (cystic fibrosis, AIDS),

3) alveolar rupture due to proximal airway obstruction.

Initial management consists of oxygen supplementation for small pneumothorax less than 15% with no tension physiology present. Chest tube drainage is needed for medium or large size pneumothorax. Recurrence or persistent pneumothorax is managed with video-assisted thoracoscopic surgery (VATS) by ablating with endoscopic stapling (Endo GIA), suturing or ligating using an endoloop technique the apical bullae followed by pleurodesis. Pleurodesis can be done chemically or surgically. Chemical pleurodesis is achieved with such agents as talc, tetracycline, bleomycin or quinacrine instillation. Mechanical pleurodesis carries a lower recurrent rate and can be achieved by abrasion or electrocoagulation. Most common complication is persistent air leak. VATS is a fast, cost-effective method of treatment for PSP with less morbidity.

Pneumatocele
A pneumatocele is a benign air-containing cyst in the lung most commonly the result of Staphylococcus Aureus pneumonia. Other less common bacteria associated are Hemophilus Influenza, Pseudomonas Aeruginosa and Streptococcus Pneumonia. Pneumatoceles are most commonly seen in young children (almost 50% of cases are less than one-year of age) during the acute phase of the pneumonic process. In a low percentage of cases the pneumatocele can be the result of closed chest trauma. In the infectious pneumonic setting the inflammatory process causes necrosis and liquefaction of the lung parenchyma followed by air leak and subpleural dissection forming a thin-walled cyst. Fever and respiratory distress are the most common symptoms during initial presentation. Diagnosis is established with the help of simple chest-x-ray films. CT-Scan might be needed to differentiate between a congenital lung cyst or cystic adenomatoid malformation. Follow-up films will help determine if the pneumatocele is growing or not in size.
Rapidly enlarging pneumatocele may need percutaneous catheter decompression. Surgery is indicated only if the child develops respiratory distress or the pneumatocele ruptures into the pleural space creating a tension pneumothorax, a bronchopulmonary fistula or an empyema. Fortunately most pneumatoceles gradually decrease in size and disappear after the acute pulmonary infection subsides in a period that may range between six weeks and six months.

Acute Destructive Pneumonia

Bacterial pneumonia attended by rapid development of a pyonecrotic process in the lung parenchyma, often with early involvement of the pleura in the inflammation, are of principal importance in the genesis of acute pulmonary and pulmono-pleural suppuration. The high pathogenic properties of the causative agent together with the limited possibilities of the immune defense of the child’s organism are responsible for the severe course of the disease. The severity is linked not only with the development of the pyoinflammatory process in the lung and pleura but with the rapidly occurring pathological changes in vital organs and grave disturbances in homeostasis.            

Primary aerobronchogenic affections are encountered in 80 per cent of cases, processes resulting from haematogenous infection (pyodermia, omphalitis, otitis, osteomyelitis etc.) in approximately 20 per cent of cases. Secondary lesions usually occur in the neonatal period and in infancy. Acute destruction develops at any age, but predominates among children under the age of 3 years. In the recent years, Gram-negative flora (Proteus, Escherichia coli, Pseudomonas aerugenosa, Klebsiella) and its associations with Staphylococcus began acquiring more and more importance in the genesis of pyodestructive pneumonia. Therefore the term “bacterial lung destruction” or “pyodestructive pneumonia” is most substantiated.

The following classification of bacterial lung destructions is advantageous.

I. Acute bacterial destruction
According to the aetiological factor: staphylococcal, caused by Gram-negative flora, mixed, etc. 

According to genesis: primary (aerobronchogenic), secondary (haematogenous). 

According to clinical and X-ray forms:
Intrapulmonary destruction without pleural complications:

(a) abscesses,
(b) bullae. 

Destruction with pleural complications:

 (a) pyothorax (total, localized, mantle-like with effusion, mantle-like fibrinous),
 (b) pyopneumothorax (tension, without tension, localized),

 (c) pneumothorax (tension, without tension, localized).

According to course: acute, protracted, septic, with no signs of sepsis.

II. Chronic forms (outcomes of acute destruction)
Chronic abscess, 

chronic pyothorax, 

acquired pulmonary cysts.

Clinical picture and Diagnosis. The disease sets in abruptly in most cases with catarrhal phenomena. Fever, shortness of breath, and catarrhal signs provide reason for suspecting an acute respiratory disease, bronchitis or pneumonia. It should be emphasized, however, that in about one third of children the disease is marked by attendant syndromes: abdominal, neurotoxic and asthmoid.  

With the gradual development of an abscess or pleural complications, a mixed picture of increasing toxicosis and respiratory disorders appears. The severity and predominance of the different components are determined by the form of involvement of the lungs and pleura. On the whole, however, the condition is marked by progressive toxic and respiratory disorders.

In intrapulmonary forms, the physical signs usually do not correspond to the severity of the condition and are manifested by diminished respiration and inconstantly heard rales. With the development of pleural complications the physical signs become more distinct, particularly if effusion or air is present in a large amount. Changes of the peripheral blood in acute destructions are indicative of purulent inflammation and consist in leucocytosis (usually within the levels of 15 000 to 30 000) with a neutrophilic shift, the ESR is increased in most cases.

It should be emphasized that the non-specific character of the initial manifestations of the disease, the variegated and versatile picture of the subsequent clinical signs, and the presence of masking syndromes make the diagnosis very difficult and determine the decisive importance of the objective X-ray and instrumental methods of examination.

Scout radiography of the chest, made with the patient in a vertical position, is the most valuable method of examination. X-ray signs suggesting the development of pyodestructive pneumonia are already demonstrated in the early stages of the disease. Among them are extensive infiltrations involving a segment, a group of segments or a lobe. Some authors (M.R. Rokitsky) consider inflammation in the stage of infiltration to be a pre-destruction condition. This stage of the inflammatory process undergoes regression or develops into the stage of abscess formation and destruction. This is determined to a great measure by the intensity and adequacy of treatment.

The bullous form of destruction is characterized radiologically by the presence of one or more air cavities possessing a very fine capsule. The air cavity is distinguished by dynamics of changes: it may alter in size, appear suddenly, and rapidly become smaller. Its complication by tension and rupture into the pleura is quite rare. Clinically and with regard to prognosis this form is most favourable; the signs of toxicosis and respiratory insufficiency are minimal and the perifocal infiltrative changes are proportional.

Abscess formation without pleural complications is demonstrated radiologically in three main variants: lithe abscesses may be filled completely, have a level of fluid, and seen as lobitis with intensive shadowing of the whole lobe or a group of segments on the background of which areas of diminished density appear later. Clinically an abscess is characterized by high fever with large fluctuations and progressive purulent toxicosis. The symptoms are determined to a great measure by evacuation of the abscess through the bronchus. Such spontaneous drainage is a rare exception in the newborn and infants. An abscess in this age group is therefore marked by rapidly increasing toxicosis and quite severe respiratory disorders. In older children drainage of the abscess through the bronchus though incomplete, occurs more often, a moist cough be comes constant. In children over 12 months of age respiratory disorders are much milder.

Diagnostic bronchoscopy is a necessary auxiliary method of exanimation in suspected abscess. It verifies not only the fact that an abscess has formed but shows its exact localization since the orifice of the bronchus of the lobe containing the abscess is always abnormal in appearance: it is narrowed, swollen, hyperaemic, and purulent or mucopurulent material is discharged from it.

Destructions with pleural complications are most severe. Most complications are consequent upon rupture of subpleural abscesses into the pleural cavity, though contact, lymphogenic, and haematogenic infection of the cavity is also possible.

Sharp increase of respiratory disorders is the most important and constant sign of the development of pleural complications. The development of tension pyopneumothorax or pneumothorax is attended by a particularly severe complex of symptoms: restlessness and sharp dyspnoea increase, paroxysms of asphyxia may occur in infants. Breathing is groaning, arrhythmic and is achieved with the participation of auxiliary muscles. The pulse is very rapid and weak. Drops of sweat appear on the face and skin. The occurrence of intrapleural tension is explained by the formation of a valve mechanism in the bronchopleural fistula; fibrin and the swollen bronchial mucosa may act as the valve. The severity of the child’s condition in tension in the pleural cavity is determined by a number of unfavourable factors: abrupt exclusion of a large surface of the lung from respiration, disturbed depth and rhythm of breathing leading to severe hypoxia; the last named is aggravated due to the impaired flow of blood to the heart (because the venae cavae are compressed). Compression of the mediastinum is a shock-inducing factor responsible for sharp reflex haemodynamic disorders.

In total pyothorax, the picture resembles that in tension pyopneumothorax though its development in time is less disastrous. Symptoms of purulent toxicosis often come to the forefront in such cases.

In severity, pyopneumothorax and pneumothorax without tension occupy an intermediate position between the two forms mentioned above. The severity of respiratory and haemodynamic disorders are proportional to the degree of the collapse of the lung.

In the first days after the development of mantle-like and localized forms of pleural complications the general condition is somewhat stabilized. The respiratory disorders do not increase. The severity of the condition is determined by the degree of inflammation in the lung itself.

Radiography of the chest and the results of pleural puncture conducted after it are of decisive importance in the diagnosis of destructions with pleural complications.

Various forms of pyopneumothorax are the most frequent pleural complications. Tension pyopneumothorax: the X-ray picture is characterized by diminished density of the pulmonary field on the affected side because air presses the lung to the root. A shadow with a horizontal level is seen below the air, it is produced by the effusion which also fills the sinuses. The shadow of the mediastinum and heart is sharply displaced to the contralateral side with the formation of a “mediastinal hernia”. The intercostal spaces on the affected side are wider than those on the healthy half of the chest. Pyopneumothorax without tension is distinguished by the absence of displacement of the mediastinum.

The X-ray picture in localized pyopneumothorax is determined by the site of the line separating the level of fluid from the air. The air may be found close to the ribs in the lateral parts of the chest, encapsulated at the thoracic wall dorsally or ventrally. In a single-chamber localized pyopneumothorax an extensive single cavity is demonstrated with a fluid level; in a multi-chamber affection two or three cavities are seen arranged in a cascade on different levels. The shadows of adhesions separating the air and the effusion are often found. Compression of the lung in localized pyopneumothorax is usually moderate, but half of the lung volume may sometimes be involved.

Pleural complications in destructions very rarely follow the course of “pure” pneumothorax without collection of effusion. Pneumothorax with or without tension and localized pneumothorax are also distinguished in such cases. Various forms of pyothorax are next in incidence after pyopneumothorax. Total pyothorax is demonstrated by X-ray as a rather intensive homogeneous density of the affected side of the chest, merging with the mediastinal shadow. The pulmonary pattern cannot be detected and the sinus is not differentiated. The intercostal spaces on the affected side are wide and the shadow of the mediastinum is sharply displaced to the healthy side by copious effusion.
Localized pyothorax is usually characterized by intensive areas of density near the ribs or above the diaphragm. In mantle-like pyothorax with effusion the X-ray picture is marked by moderate density of the whole pulmonary field, more evident in the lower supradiaphragmatic parts and less so in the upper parts. Anteroposterior radiographs quite often show a band of intensive density on the axillary line near the ribs; it represents the effusion enveloping and mildly displacing the lung. Mantle-like fibrinous pyothorax is distinguished by an intensive shadow spreading over the whole lung or being more apparent in the inferolateral parts. The mediastinum, instead of being displaced to the healthy side, shows on the contrary a tendency to be shifted slightly to the affected side; the intercostal spaces are narrowed, effusion cannot be obtained by puncture.

Pneumomediastinum, attended as a rule by pyopneumothorax or pneumothorax, is a rare but severe complication. In some cases air separates the visceral pleura, enters the mediastinum, envelops its organs gradually, and is found in the subcutaneous fat on the neck, face, chest, and abdominal wall. The X-ray picture depends on the amount of air in the mediastinum. Air can be demonstrated as occasional areas of diminished density or, if collected in a large amount, it envelops the thymus and is detected along the heart contours.

Diagnostic puncture of the pleural cavity must be undertaken in all forms of pleural complications. It helps to determine the character and amount of the effusion, the nature of the causative agent (by subsequent bacteriological tests), the presence of a functioning bronchial fistula and intrapleural tension. X-ray examination is repeated after the puncture to determine the extent of lung inflation and sometimes to detect the changes in it.

The site of the puncture is determined by the character of the pleural cavity content suggested by the physical and X-ray findings. If the cavity is filled mostly with air, puncture is best made between the 3rd and 4th intercostal space on the anterior axillary or midclavicular line with the patient lying on his back. In pyopneumothorax and pyothorax, the puncture is made in the 6th-7th intercostal space on the midaxillary or scapular line. It is advisable to mark the site of puncture in localized pyothorax or pyopneumothorax beforehand during examination of the patient under an X-ray screen.  

 Pleural puncture techniques. A special needle with an external diameter of 1-2 mm, connected hermetically to a 8-10 cm long rubber catheter is used. The skin at the site of the puncture is fenced off with sterile cloth, wiped with alcohol iodine tincture, and infiltrated with a 0.5 per cent procaine hydrochloride solution through a fine needle. All the tissues of the chest are successively infiltrated, first forming a “lemon peel”. Depending on age, 5 to 10 ml of a procaine solution is injected. Pleural puncture is started 3 or 4 minutes later. A 20-g syringe is connected to the catheter. The needle is then inserted through the skin at the place of the procaine injection and its end is tilted upward or downward for a distance of 1,0-1,5 cm and then advanced through the intercostal space along the upper border of the rib. Entry of the needle into the pleural cavity is recognized by the disappearance of tissue resistance, the manipulator feels as if its end has “fallen through” the tissues.

The puncture is always completed by introducing an antibiotic solution into the pleural cavity. The needle is removed with a quick movement, first compressing the skin around it with the fingers. The place of the puncture is painted with an iodine tincture and a tuft of gauze is glued over it. Such errors as grasping with the fingers the part of the needle that will be advanced into the pleural cavity or inserting the needle too deeply and too quickly (the lung can be injured!) must be avoided during the manipulation. The results of the puncture depend on the form of the purulent affection of the pleura. In tension pyopneumothorax, the air pushes out the piston of the syringe with force. Air can be collected in a large amount, in which case it is removed with Jannet's syringe. Before disconnecting the syringe, the rubber catheter is first clamped every time. Pus usually enters the syringe after the air has been removed. The air is completely removed if there is no functioning bronchial fistula, but if such a fistula exists air enters the syringe continuously and “there is no end to it”.
Differential diagnosis. The various forms of purulent affection of the pleura have to be differentiated from congenital suppurative cyst of the lung, diaphragmatic hernia, atelectasis of the lung, congenital lobar emphysema, and tumours.

Bacterial pulmonary destructions vary in course. Acute pyodestructive processes terminate in periods of up to 6 weeks. A pyogenic process lasting 6 weeks to 3 months is considered lingering. If the purulent process in the lung or pleura lasts more than 3 months and acquires clinical and X-ray signs of irreparable changes, this is a case of a lingering course terminating in a chronic form.

Treatment. It is advisable that the choice of the method of treatment is guided by the age factor determining the severity of the forms of the affection and their tendency towards either generalization or localization of the pyogenic process. The age specific features of the forms and course of bacterial destructions permit all known methods of treatment to be used: purely non-operative management, bronchoscopic cleansing, puncture and drainage of the pleural cavity, radical operations. These methods, however, are applied not according to the principle of “from simple to complex measures” but have their own indications. In general, the principle of the choice of the method of treatment can be formulated as follows: the younger the patient the more active must be the surgical tactics.

Any instrumental or surgical method must be applied during intensive drug therapy without fail. Antibiotic therapy with due consideration for the sensitivity of the bacteria is one of the main components. The intravenous route of administration is preferred. Most important in intensive treatment are measures which improve the respiratory function (oxygen therapy, removal of factors causing intrapleural tension, obstruction of the airways, intestinal paresis). Detoxication therapy with the administration of sufficient volumes of fluids, plasma and its low-molecular substitutes is necessary in all cases.

Particular care is taken to correct the cardiac and haemodynamic disorders. Cardiac glycosides are indicated in most cases. A glucose procaine mixture, aminophylline, droperidol, and small doses of heparin are used in the management of microcirculatory disorders.

Electrolyte disorders and disturbances of acid-base equilibrium must be corrected.

Stimulation therapy is a very important component of intensive treatment. Transfusions of blood, direct transfusion also, are applied in all children from the first days. A potent measure of immunotherapy are injections of antistaphylococcus plasma and gamma globulin, plasma against Pseudomonas aerugifiosa, Proteus, and Escherichia coli, which are used according to the character of the microorganism.

Non-operative treatment without the application of instrumental and surgical methods can be undertaken in the bullous form of destruction, mantle-like fibrinous pyothorax, and in rare cases of abscesses spontaneously draining through a bronchus.

Bronchoscopic drainage is one of the main methods for the management of abscesses without pleural complications. It is applied in two variants: (1) bronchoscopy with directed aspiration of the material discharged from the orifice of the affected bronchus; (2) transbronchial catheterization and aspiration of the contents of the abscess during bronchoscopy. It is very effective in abscesses in older children. The results are less beneficial in infancy, particularly during the first 6 months of life, because the destructive-purulent process tends to advance rapidly and the calibre of the draining bronchus is small.
Treatment of an abscess by puncture is permissible only if it is known for sure that adhesions have formed between the costal and visceral pleura in the area of the collected pus. Such adhesions form at later periods, in the other cases the risk of infecting the pleural cavity during puncture remains.

The development of attendant pleural complications is a direct threat to the child's life and each patient therefore requires emergency aid.

Treatment by repeated punctures of the pleural cavity is advisable in destructions attended by pleural complications following a relatively favourable course (mantle-like and localized pyothorax, localized pyopneumothorax).

In severe forms, the method is indicated in cases of total pyothorax in children over the age of 12 months if the effusion is not viscous and its collection tends to reduce after the first punctures. Treatment by puncture undertaken for such indications produces good results. In less than 5 per cent of patients it proves ineffective and other methods must be applied.

Drainage of the pleural cavity is one of the most widely used methods of treatment. It is indicated in severe pleural complications in children over 6 months of age and in less severe forms in which puncture therapy produces poor results.

Technique of drain insertion. The patient lies on the healthy side on a bolster. A 1-cm long incision is made in the skin in the 6th-7th intercostal space on the midaxillary line under local anaesthesia with a 0.% procaine solution. The skin is then displaced to the next upper intercostal space and the chest is pierced with a trocar. Pus or air is discharged from the pleural cavity as soon as the stylet of the trocar is removed. A draining tube of the corresponding size is introduced into the pleural cavity through the cannula of the trocar; during this manipulation the end of the trocar in the pleural cavity is set parallel to the chest wall and directed upward  (See Fig.). For better evacuation of pus and air, the end of the drain which will be introduced into the pleural cavity is bevelled and three lateral openings are made in it. The trocar is removed after the drain is inserted. Displacement of the skin wound serves to make the chest wound airtight and provides for a correct position of the drain along the chest wall. The drain is fastened by means of a cuff to the skin with silk sutures applied to the edges of the wound. The external end of the drain is lowered into Bobrov's vessel containing an antiseptic solution and closed with a rubber stopper to make it airtight; two glass tubes pass through the stopper: one of them is short and high above the fluid level, the end of the other tube is lowered into the solution and to it is tied the finger of a rubber glove previously cut lengthwise for a distance of 1.5-2.0 cm at the blind end. This device serves as a valve preventing the solution in the flask from being sucked into the pleural cavity.

The object of drainage is (a) evacuation of pus and air from the pleural cavity; (b) expansion of the lung and correction of mediastinal displacement.

For active respiration from the pleural cavity, a tube from a water-jet aspirator is connected to the short glass tube. A permanent negative pressure is produced in the system and controlled with a manometer. Negative pressure of 10 - 40 cm water is maintained depending on the child's age.

Drainage with active aspiration creates the best conditions for cleansing the pleural cavity and expanding the lung. The method, however, cannot be applied in pyopneumothorax and pneumothorax with wide or multiple bronchiopleural fistulae when negative pressure in the pleural cavity merely increases the evacuation of air and aggravates hypoxia. Drainage with passive evacuation after Bulaut is resorted to in such instances. Drainage with continuous irrigation of the pleural cavity through an additional catheter may also be conducted.

A marked shortcoming of this method, however, is that though the changes in the general condition are favourable, the lung remains collapsed for a long time in almost half of the patients. This contributes to the maintenance of the pyogenic process in the pleural cavity and toxicosis and the prolonged and lingering course of the disease. In view of this, auxiliary methods for expansion of the collapsed lung deserve mention.

The most effective among them is the method of temporary scout occlusion of the bronchus of the affected lung by Rafinsky - Geraskin. During bronchoscopy under total anaesthesia the orifices of the lobar bronchi, beginning from the inferior lobar bronchus, are occluded one by one with a plug of porolone sponge (foam-rubber, inserted with bronchoscopic forceps). The presence of a drain in the pleural cavity makes it possible to establish the lobe with the occlusion of whose bronchus air ceases to be evacuated; this is therefore the lobe with the bronchopleural fistulae.

The porolone plug is left in the affected bronchus for 6 to 8 days after which it is removed during repeated bronchoscopy. Collagen plugs with a preset resorption time are now produced. The airtightness of the broncho-alveolar system creates conditions for expansion of the healthy parts of the lung at the expense of temporary atelectasis of the lobe with the fistulae. The effusion is removed from the pleural cavity by puncture or by means of a drain. No irreparable changes occur in the zone of the atelectasis during the 6-8 days. Meanwhile, the developing adhesions hold the healthy areas of the lung expanded while the cessation of the passage of air in the bronchopleural fistulae after occlusion facilitates their obstruction arid healing.

Recent series of investigations have proved high efficacy of the thoracoscopy. The aims are thorough debridement and lysing of the pleural space of all fibrinous material, adhesions and loculations during the fibrinopurulent phase before fibrosis begins. Indication for video-assisted thoracoscopic debridement includes lack of medical response, pulmonary air leakage, localized effusion, persistent respiratory distress and pleural thickening without resolution on imaging (US or CT Scan). Thoracoscopic debridement and irrigation have accomplished this goal in several series of children reducing complications from open thoracotomy and hospital stay. Early thoracoscopy facilitates removal of restrictive purulent debris, decreases parenchymal injury, promotes rapid recovery and has a high rate of success. Benefits include good visualization of the entire thoracic cavity for more effective debridement and efficient drainage, and subjectively diminished postoperative pain and associated morbidity.

Operative treatment for removing the focus of destruction and one-stage cleansing of the pleural cavity is conducted in many clinics. The indications for this method, however, are still debatable and the frequency of its application differs with the clinic. It should be preferably undertaken in infants of the first 6 months of life with destructions and severe pleural complications. Older children are operated on if draining methods, temporary occlusion of bronchi among others, prove ineffective. Total mortality in destructive pneumonias ranges from 5 to 10 %; fatal cases occur mostly among very young infants suffering from severe complications and particularly among those with bilateral lesions. The vast majority of patients with destruction recover fully in the late periods.

Chronic Forms (Acute Destruction Outcomes)

Chronic inflammation in bacterial destruction of the lungs (i.e. chronic abscess, acquired cysts, chronic pyothorax is encountered in 1 - 4 % of cases.

A chronic abscess is one existing more than 3 months during which attempts to drain completely the cavity (cavities) fail and the process is circumscribed by a pronounced capsule and adhesions. An acquired cyst consequent upon persisting air cavities (bullae) or poorly draining abscesses is also extremely rare in children. The internal surface of the cyst undergoes epithelization in such cases and a capsule forms. Chronic pyothorax is characterized by a purulent process existing in the pleural cavity for more than 3 months and marked by the development of a coarse fibrous capsule which circumscribes the empyemic cavity and leads to stable collapse of the lung and progressive chest deformity. Patients have a history of long-term and unsuccessful drainage as a rule.

The clinical picture in formation of chronic pyothorax is marked by stabilization of the general condition; neither clinical nor X-ray signs of an acute inflammatory process in the lung and pleura are found, respiratory insufficiency does not increase, and symptoms of chronic purulent intoxication prevail. The chest on the side of the affection caves in, the chest semi-circumference is reduced, and scoliosis forms. Chronic pyothorax may be attended by bronchopleural and pleurocutaneous fistulae. Drastically narrowed intercostal spaces and a cavity with a fluid level, which causes collapse of the lung, are revealed by X-ray. The density of the lung shadow is increased due to massive fibrous adhesions. The mediastinum is displaced to the affected side.
Bronchography must be conducted in all cases with chronic pyothorax. The discovery of irreparable deformities of the bronchi, namely, cylindrical and saccular bronchiectasis and wide bronchial fistulae, leaves no doubt that an operation is indicated. If no such changes are found, it is advisable to begin non-operative treatment. Puncture of the empyemic cavity and its irrigation with solutions of antibiotics and antiseptics is performed and stimulation and invigorative therapy is applied for 2 or 3 months. The slightest tendency of the lung to expand is a favourable prognostic sign, and total expansion in such cases is merely a question of time.

In pyothorax of over 6 months duration, even in the absence of irreparable changes in the bronchi, short-term non-operative treatment and attempts to evacuate the pleural cavity should be considered as preoperative management. Operation for decortication combined, whenever necessary, with resection of those parts of the lungs which contain bronchial dilatations and bronchial fistulae, is the main type of surgical management. Decortication consists in gradually removing the fibrous capsule from the visceral and costal pleura and freeing the lung. The results of operative treatment are good as a rule.
VIII. PAEDIATRIC UROLOGY

Congenital hydronephrosis
In children, pelvicalyceal dilatation of a kidney without ureteral dilatation is commonly a result of obstruction at the level of pelviureteric junction (PUJ). Nowadays most cases of upper tract dilatation are detected prenatally by ultrasound. The widespread use of routine fetal sonography detects upper tract dilata​tion in approximately 1 in 1000 pregnancies.
At 10-12 weeks' gestation the ureteric bud and metanephros have formed a functioning kidney with a complete collecting system that starts passing urine to the bladder. For successful passage of urine a patent, non-kinking PUJ that can trans​mit pelvic contractions to the ureter must be available for the ureter lo accept and propulse a urine bolus. Obstruction of the PUJ and the proximal ureter can be due to intrinsic and extrinsic factors, but more often a combination of factors is seen. Obstruction can be caused by 1) a narrow ureteral segment, 2) muscular dis​continuity, 3) severe kinking of the proximal ureter, angulation of a ureter that is inserted high in the renal pelvis, 4) a valve-like flap covering the PUJ, 4) a polyp in the PUJ, 5) aberrant blood vessels, 6) compressing fibrotic bands. The obstruction can be anatomical, the narrowed lumen of the PUJ limiting the flow, or functional, when there is no propulsion of urine from the renal pelvis into the ureter. The difference between these two mechanisms is seldom clarified at operation.

Obstruction of the PUJ causes dilatation of the pelvicalyceal system and, when pressure rises too high, it will eventually compromise the function of the kidney. The pyelocalyceal system is a very compliant and, at the same time, not very elastic system - it can show mas​sive dilatation with low pressures that do not compro​mise renal function or, when dilatation has occurred during a period of obstruction with high pressures, the dilatation can be permanent, even when the obstruction has long since subsided. One factor remains: a PUJ obstruction can severely damage renal function. Although it has never been proven, there seems to be a sliding scale of PUJ stenosis with, at one end, the completely obstructed afunctional multicystic dysplastic kidney and, at the other end, the completely normally functioning dilated kidney. Therefore, when a dilated upper urinary tract is seen, the aim must be to exclude obstruction.

Clinical features.  Owing to fetal ultrasound, the majority of patients with a dilated collecting system of one or both kidneys are nowadays identified before any symptom arises.

Classically, a neonate with an obstructed PUJ can present with an abdominal mass, sometimes failure to thrive, and often symptoms of abdominal colic indiscernible from gastrointestinal abdominal colic. The child often presents with a urinary tract infection that in many cases is accompanied by life-threatening renal loss of sodium and water, known as pseudohypoaldosteronism. Ultrasound can often detect pus in a dilated sys​tem. At any age, children and adolescents with PUJ can present with symptoms of abdominal colic, complicated urinary tract infection, spontaneous haematuria or haematuria after a relatively minor blunt abdominal trauma. Pathognomonic is the “beer colic” of the adolescent who goes to a pub for the first time in his life and ends up in the local hospital with severe abdominal pains. 

Diagnosis

1. Ultrasound of the urinary tract is generally the first choice. It can show the morphology of a dilated renal pelvis with signs of past or present high pressures in the collecting system. Recent publications suggest the use of Doppler ultrasound of the renal vessels as an adjunct in the detection of high pressures. Differences in the resistive index of the renal vessels related to obstruction have been established in acute obstruction of the upper tract. The difference between the resistive index at rest and at maximal diuresis could be of use in the future but the method has not yet been standardized.

2. Intravenous urography (IVU) gives a morphological image of the upper urinary tract and also provides some information, although unreliable, on kidney function. The only sign of past or present obstruction on IVU comes from the pattern of the calyces: when these are sharply outlined high pressures are improbable, where​as when clubbed calyces are present high pressures can exist.

3. Voiding cystourethrography (VCUG) is mandatory in all cases of PUJ obstruction, because of the important inci​dence of coexisting vesicoureteral reflux in these patients.
4. Isotope studies provide function-over-time information about the kidneys. A gamma camera positioned under the patient registers the uptake and excretion of an intravenously administered bolus of radioactive labelled sub​stance by the kidney parenchyma into the collecting system and from there to the bladder. Because of its high resolution and availability, 99mTc-mercaptoacetyltriglycine (MAG3) is the isotope of choice in a paediatric renography. The excretion factor of 99mTc MAG3 with each renal passage is more than 80 %, by glomerular filtration and active tubular excre​tion. The information obtained consists of the differen​tial renal uptake of radioactivity and the evacuation time of each collecting system. The differential renal uptake is calculated from the total number of counts reg​istered over both kidney areas in the first 2 min after intravenous injection. After 2 min, activity excreted into the collecting system can hamper the accurate measure​ment of differential renal uptake. In the normal situation, activity will be equally divided over both kidneys.

Decrease of differential uptake in a hydronephrotic kid​ney is used as an indicator for obstruction. In patients with dilated upper tracts diuresis dur​ing the study must be standardized by maximal hydration of the patient and by the administration of a diuretic, together with the isotope bolus, or 5-10 min later. A normal kidney shows a curve with a steep rise, with maximum uptake after 2-3 min and a steep drop to zero. A kidney with a dilated upper tract will show a steep rise followed by a plateau or a gradual decline, with a sharp drop after administration of the diuretic. An obstructed kidney shows a slower increase of activ​ity without washout after the administration of diuretic.

5. Antegrade pressure recording (Whitaker test) in PUJ stenosis is the ulti​mate tool to decide on obstruction when other diagnos​tic methods fail to provide reliable data. It can be necessary in the massively dilated upper urinary tract or in the poorly functioning kidney after a previous pyeloplasty with unremarkable amelioration of function on scintigram postoperatively. It is an invasive study with unphysiological flow rates, making its role question​able. However, it is the only study that really quantifies obstruction. In the Whitaker test, the pressure gradient from the dilated upper urinary tract to the blad​der is measured with a fixed volume load of the system. Usually, a flow rate of 4-10 ml/min, depending on age, of diluted radio-paque dye is administered. At equilib​ration, the pressure gradient from renal pelvis to bladder should not exceed 20 cmH2O. The rather sharp cut-off point around 20 cmH2O requires a meticulous recording technique with an accuracy of 1.5 cmH2O. This can only be achieved by a double-lumen system (double-lumen catheter or two needles) or by a microtip transducer in the renal pelvis for pressure recording. A standard 5 Fr arterial introducer set, guid​ed percutaneously into the renal pelvis, may be used. It allows easy passage of a 3 Fr microtip transducer catheter for pressure recording, leaving enough space around the catheter to fill the system. The bladder pressure is recorded with another microtip transducer catheter. Both catheters are connected to a standard urodynamic setup. The channel that normally produces the detrusor pressure now reads the pressure difference between the renal pelvis and bladder. The limit of 20 cmH2O pressure proved to be completely justified to distinguish between operative and conservative approaches with a follow-up of 5 years and more with no mishaps in conservatively followed patients.
6. High-speed magnetic resonance imaging that gives accurate data on the quality of the renal parenchyma may provide valuable in the future.
Treatment of PUJ hydronephrosis

 • In the neonate
Any dilatation of the renal pelvis in an asymptomatic patient that has been proven to be non-obstructive should be followed conservative​ly. Most of the prenatally discovered dilated upper tracts will resolve spontaneously. It is important to realize that, immediately after birth, a prenatally detected dilatation often seems to have resolved: the mechanical squeezing of the abdomen during birth ('toothpaste phenomenon') and the change from fetal circulatory volume expansion with a high urine output to the reduced diuresis of the first postnatal days often underestimate the situation. In fact, in neonatal PU obstruction, the ultrasound 1 week after birth is more important than the very early one. The neonatal urine output is much lower than the output in utero, because at birth the newborn is usually volume expanded relative to his or her extrauterine needs, resulting in a negative water and sodium balance in the first few postnatal days. Combined with the good compliance of the renal pelvis, the low urinary output reduces the risk of functional deterioration for the neonatal obstructed kidney in the first weeks of life. Children with a persistently dilated upper urinary tract should be followed for many years, since approximately 20-25 % will become obstructive later in life.

When the child is asymptomatic in unilateral disease, it seems feasible to delay isotope study and IVU until after the first month of life, to obtain better quality pic​tures when tubular function of the kidney has improved.

Once obstruction has been proved, there are current​ly three methods for treatment, each with its own arguments supporting the chosen approach. The first supports early operative treatment of obstruction, regardless of function of the affected kidney. This policy is sup​ported by the idea that renal recovery is best when the obstruction is relieved in infancy. The second advocates watchful follow-up as long as differential uptake of the obstructed kidney is reasonable or good, regardless of the aspect of the excretory curve. In general, 35-40% uptake of the affected kidney is accepted as the lower limit. The third advocates conservative follow-up of all obstructed kidneys, regardless of function, based on the fact that recovery in non-operated kidneys equals recovery after pyeloplasty. Only when function deteriorates over time is pyeloplasty advised.

The second method, to operate when uptake is below 35-40%, or wait and see when uptake is more than 35-40 %, appears to he the most widely accepted management at the moment. Until now it has not been pos​sible to prove which method is the best. Recent reports on retarded growth in conser​vative approach of PUJ obstruction could result in a more aggressive operative approach in the future.

When obstruction is apparent, especially in combina​tion with reflux, antibiotic prophylaxis during the first 6 months of life or until obstruction has subsided, whether by operation or not, seems to be a small price to pay in preventing complicated urinary tract infec​tions. A protocol proposed by King (1993) starts with antibacterial prophylaxis at day 1, at least until reflux has been excluded, followed by ultrasound evaluation a few days after birth. When massive dilatation with unequivocal upper tract obstruction is apparent, surgical correction in the first few weeks is carried out. When isotope studies show obstruction with good function, the infant is followed monthly with ultrasound for the first 3 months, and at 3-month intervals for the first year. The isotope study is repeated at 1 year of age (or at a 3-6-month interval, depending on kidney function), or whenever ultrasound sug​gests increased calyectasis. After the age of 1 year, ultrasound can be performed once every 6 months. Even when drainage improves and dilatation seems to subside, long-term follow-up is mandatory, since very late deterioration of obstructions may occur.

• in the child with symptoms or complications

When a child has evident abdominal complaints due to a PUJ obstruction, the obstruction must be relieved as quickly as the complaints require. Theoretically, percutaneous nephrostomy is the method of choice in acute abdominal problems. However, a percutaneous nephro​stomy drain hampers secondary elective pyelopasty owing to the oedematous, thickened renal pelvis. So, it is preferable to perform a primary pyeloplasty, when possible, in acute presentations. Only when a child, symptomatic or asymptomatic, has a differential uptake of the obstructed kidney of less than 10% is the kidney rou​tinely drained percutaneously, to determine whether recovery is possible or nephrectomy is indicated.

When a child has a complicated urinary tract infection based on an obstructed kidney, percutaneous drainage is the therapy of first choice. In the premature and in the young infant acute drainage can be obtained by inserting an 18 G intravenous cannula, with a side-hole cut with a scalpel, into the renal pelvis under local anaesthesia.

The complicated case often presents with unilateral pyelonephritis, sometimes accompanied by life-threat​ening electrolyte and acid-base disturbances, known as pseudohypoaldosteronism, despite the contralateral kid​ney usually being normal. Management of these children is relatively easy in experienced hands, once the combination of infection in a dilated system with exceptionally low serum sodium and high serum potassium values has been recognized. In severe infection, ultrasound may reveal pus in the dilated system. Decompression of a severely obstructed kidney, with or without infection, can result in temporary polyuria, requiring meticulous surveillance of the fluid balance at hourly internals. 

Surgical treatment of PUJ obstruction

• Treatment by open pyeloplasty

Until now open pyeloplasty has been the treatment of choice in the paediatric age group. It has a success rate nearing 100%, low morbid​ity and a predictable postoperative course. When pyelo​plasty is planned several approaches are possible, each with its own advantages and disadvantages.

The post​erior approach gives good access to the PUJ and has the advantage that simultaneous bilateral pyeloplasty can be performed without the need for repositioning of the patient. It gives poor access to the renal vessels and can be cum​bersome when a rotational anomaly of a poorly functioning kidney or a horseshoe kidney is missed at a preoperative examination. The posterior approach is contraindicated for a repeat pyeloplasty or if there is a large obstructed proximal segment of ureter.

Supracostal lumbotomy gives good access in all cases but the patient needs repositioning in bilateral pyeloplasties. Moreover, owing to the cutting of nerve fibres it often produces a temporary deformity of the abdominal wall when the child strains. This deformity always subsides after 6 months.

Last, but not least, in the infant a subcostal anterior approach gives excellent extraperitoneal access to the kidney.

The dismembered Anderson-Hynes pyeloplasty (Anderson and Hynes, 1949) is the method of choice (See Fig.). After incision and partial removal of the well-vascularized adventitial layer from the pelvis and proximal ureter, the lowest drainage point of the pelvis is marked and the PUJ is excised. Reduction is required only when massive dilatation of the pelvis is apparent. The ureter is spatulated until the point where adequate lumen is apparent, and anastomosed to the lowest point of the incised pelvis with 6-0 or 7-0 polyglycolic acid sutures. Running sutures give better watertight clo​sures, whereas interrupted sutures prevent constriction of the anastomosis. To prevent calculus formation the knots should be outside the anastomosis. After closure of the remaining pelvis the anastomosis is cov​ered by the adventitial layer with a few approximating sutures. A soft Penrose drain or a low-pressure suction drain is placed near the anastomosis before closure.

Stenting the anastomosis and postoperative drainage from the renal pelvis are controversial.
In children with intermittent PUJ obstruction, a true kinking of the ureter on an aberrant lower pole artery is identified dur​ing operation, while the PUJ is clearly patent. In these cases the artery can be freed from the adventitial layer and buried higher up in the pyelum with two or three sutures. Because the urinary tract has not been opened, the postoperative hospital stay in these cases can be very short.

• Treatment by endopyelotomy

Since the late 1980s many articles have been produced claiming high success rates for percutaneous antegrade or transureteral retrograde endopyelotomy. Success rates vary from 72% to 89%, except in one series in which endopyelotomy was combined with endoscopic transpelvic retroperitoneal ureterotomy from the outside of the ureter with a reported success rate 95%. It has yet to be proven, in paediatric PUJ obstruction, whether endopyelotomy really provides lower morbidity, less postoperative pain and equal success compared with open techniques. Dis​advantages of endopyelotomy are the lower success rate, the risk of bleeding and the duration of stenting for up to 6 weeks.

• Treatment by laparoscopic pyeloplasty

Successful laparoscopic dismembered pyeloplasty has recently been reported. This technique may have a future, but has the disadvantage of a prolonged operat​ing time.
• Conclusions

Treatment of neonates and infants with PUJ stenosis, especially when the condition is detected prenatally, still remains a challenge in paediatric urology, with dilated kidneys balancing on the edge between dilata​tion and obstruction. This dilemma will not be resolved until better techniques are available to recognize the kidneys at risk of deteriorating function.
Vesico-ureteric reflux
Vesicoureteric reflux (VUR) is common: it will be found in 35% of children with proven urinary tract infection, the peak age incidence for the onset of urinary infection is in the first year of life, most commonly in the newborn. Despite the volume of research and writing, the condition still, with inexorable predictability, continues to be responsible for end-stage renal failure in at least 15% of adults.

Physiology. Under normal conditions, having been ejected into the bladder, urine does not re-enter the ureter because the ureteric orifice in the bladder is guarded by a one-way valvular mechanism which has the following three components.

1. A mucosal flap valve: this is a delicate 'flutter' valve that covers the ureteric orifice and is constructed from two layers of mucosa, one on the bladder aspect (bladder mucosa) and one on the ureteric aspect (ureteric mucosa).

2. Ureteric orifice fixation: as the ureter penetrates the wall of the bladder the longitudinal muscle fibres in its wall peel off the ventral surface to join those on the dorsal surface and continue distally beneath the mucosa of the trigone beyond the orifice itself. The fibres condense into two main bundles, one of which runs horizontally to join a similar bundle from the contralateral ureter to form the interureteric ridge, while the other runs downwards and medially to become attached to the muscle surrounding the inter​nal urethral meatus. These bundles anchor the ureteric orifice so that it cannot displace upwards, away from the bladder neck as might otherwise tend to happen whenever there was a rise in intravesical pressure.

3. The intramural tunnel + Waldeyer’s sheath: the ureter is only loose​ly attached to the detrusor muscle as it penetrates the bladder wall. Thus, as the bladder distends and its wall stretches, a greater length of the ureter becomes intramural (because the orifice cannot move as a result of uteric orifice fixation) and the intramural tunnel elongates. This increases its valvular properties just at the time when voiding is imminent and intravesical pressure is beginning to rise.

There is one other mechanism which is self-evident, namely ureteric peristalsis itself. Even if the apparatus protecting the orifice fails, peristalsis can continue to prevent reflux by responding in its characteristic man​ner to increased flow resistance. However, the response is likely to be short lived because persistently high emptying pressure will cause ureteric muscle fatigue.

Pathology. Ureteric reflux is an abnormal phenomenon and is due to a developmental abnormality of the ureteric orifice and its antireflux mechanisms. It almost certainly com​mences during fetal life when urine starts to be secret​ed at between the tenth and twelfth weeks of gestation.

By itself, reflux is both asymptomatic and non-path​ogenic. Thus, unless some other factor is involved there must be many individuals whose urinary tracts are affected by reflux but who are unaware of it. Reflux has a strong propensity to disappear sponta​neously in the first few years of childhood. Estimates as to the frequency with which this happens vary from 40% to 80% by the age of 10 years.

The factors that induce pathogenicity in reflux are outflow tract obstruction and urinary tract infection.

Urinary tract infection is the most frequent manifestation of reflux and it should prompt a detailed investigation to determine whether reflux is present. The infection commences in the bladder whence bacteria are transported into the kid​ney in urine refluxing along the ureters. They may then be carried through the tubular orifices on the renal papil​lae into the tubules (intrarenal reflux) and produce areas of inflammation in the renal parenchyma which later heal and proceed to scarring.

Experimental work has suggested that only certain orifices, those which are abnormally wide, permit intrarenal reflux to occur. The process of invasion, inflammation and scarring will be initiated maximally in a solitary area of the kidney at the time of the first infection; an “all-or-none” phenomenon.

However, other observers think that scarring occurs gradually, increasing in extent with each episode of infection, with new scars appearing at later times in the child's history.

It is evident that it is the onset of infection in the presence of reflux which triggers the process of diagno​sis and the train of events which may lead to severe renal damage with its subsequent complications such as hypertension and renal failure. Once the diagnosis is made the choice is between eliminating the reflux surgi​cally and treating the infections as and when they occur or prescribing long-term prophylactic antibacterial ther​apy and waiting for the reflux to resolve spontaneously.

Diagnosis
1. Recognition of reflux
X-ray cystography remains the standard technique for demonstrating reflux because on many occasions it is necessary to show not only whether or not reflux is pre​sent but also the degree of dilatation that it causes in the upper urinary tract and, for example, which pole of a duplex kidney it affects. In particular, it demonstrates the size and outline of the bladder, the presence or absence of diverticula and, in males, the shape and characteristics of the urethra by micturition urethrography. 
To reduce radiation dosages, another method is direct radioisotope cysto​graphy, in which a solution containing a measured dose of 99mTc diethylene triamine pentacetic acid (DTPA) is injected into the bladder through a urethral catheter and images of the urinary tract are made with a gamma camera. The technique is highly sensitive in detecting reflux but the images are insufficiently detailed for anatomical analysis. In older children, who have developed voluntary bladder control, indirect radioisotope cystography is another useful technique for supervising the progress of reflux after diagnosis by conventional cystography. The radioisotope is given intravenously and the renal images observed until all the radioisotope has cleared and entered the bladder. The child is then asked to empty the bladder and the kidneys immediately scanned. If reflux is present, the radioiso​tope will be observed again in the kidneys. The tech​nique has the advantage of avoiding catheterization but is impractical in young infants.

2. Estimation of renal scarring
Intravenous urography is necessary for the diagnosis of any structural defect in the upper urinary tract and is also an excellent method of detecting abnormalities in the renal parenchyma, but radioisotope imaging has been shown to be more sensitive at detecting renal parenchymal scarring. Dimercaptosuccinic acid (DMSA) labelled with 99mtechnetium has been shown to be superior to other metal chelates in demonstrating the renal parenchyma in gamma camera exposures. 60% of an administered dose concentrates in the cells of the proximal convoluted tubule and only 10% is excreted in the urine in the first 2 hours. The renal uptake of the isotope rep​resents an accurate measurement of individual renal function and correlates well with creatinine clearance. It is of no value, however, in demonstrat​ing obstruction to drainage.

3. Estimation of renal function
Serum creatinine is the usual method of measuring overall renal function and from this an estimate of glomerular filtration rate (GFR) in ml/min/1.73 m2 can be made using body surface area, although it has been suggested that in the newborn, body weight is a more valid parameter against which to measure glomerular filtration than surface area. As a predictor of outcome in newborns with renal damage caused antenatally, GFR is superior to serum creatinine. The most accurate technique for measuring GFR is by inulin clearance but this is not suitable as a routine in newborns and young children; furthermore, when renal function in the presence of VUR is under consideration, it is individual renal function that is often required.

For this purpose 99mTc-labelled DTPA can be used as it provides not only an indirect measurement of glomerular filtration but, if gamma emission from the kidneys is measured by fine collimators, a time-activi​ty curve. As with DMSA, uptake is dependent in the first instance on renal blood flow, but thereafter it is governed by the number of functioning glomeruli in the kidney.

It is important to note that DTPA measures glomerular filtration, but it does not measure urine transport and excretion rates and should not be used for this purpose. In the normal, mature newborn, GFR is only 25 ml/min/1.73 m2 and it does not rise to adult values until the age of approximately 3 years. So, to attempt to measure renal excretion rates in a kidney with a low GFR using a radioisotope carrier which is filtered by the glomeruli is absurd.

If there is a need to determine renal excretion and drainage rates, a carrier that is secreted by the tubules should be employed, such as 99mTc mercaptoacetyl triglyceride (MAG3). Even here, caution should be exercised because if the renal pelvis is dilated and atonic, it is customary to administer a diuretic such as furosemide in order to wash out the radioisotope, and this is supposed to distinguish an obstructed from a non-obstructed kidney. However, if there is tubular damage, the effect of the diuretic will be reduced and the radioisotope will remain in the renal pelvis even though it is not organically obstructed. Such a situation may be observed when there is advanced ureteric reflux.

Fetal ureteric reflux. Certain features of such cases are noteworthy: (1) 80-90% are male. (2) reflux is bilat​eral in 60% or more and (3) reflux is of a high grade in 60% or more. This type of reflux in the fetus does not include those with any form of obstructive uropathy such as posterior urethral valves. It is well known that the combination of reflux and obstruction has devastat​ing effects on the kidney. The ominous feature of fetal ureteric reflux is that evidence of abnormalities in renal parenchymal integrity can be found at or soon after birth, before urinary infection has occurred, although this is dis​puted by one group who claimed that renal parenchymal damage in the majority of kidneys occurs only after an episode of infection. However, histological studies of nephrectomized specimens sug​gest that there is a strong association between hypoplastic changes in the kidney and reflux and that these changes may be present from early fetal life. Whichever is correct it is clearly necessary to prevent infection by appreciating the need for post​natal investigation in babies who showed signs of urinary tract dilatation antenatally and, if reflux is discovered, giving them long-term antibacterial thera​py. In 20-30% of the babies reflux disappears spontaneously within the first 2 years of life but, when it does not, there is a tendency for it to deteriorate, as shown by increasing upper urinary tract dilatation. Furthermore, these children are prone to episodes of urinary infection and continuous antibacte​rial therapy is obligatory to prevent them. It has been suggested that if the reflux has not disappeared or shown signs of improvement by 2-year-old age, it should be treated surgically. Even if this operation is success​ful, further complications may ensue. The gross dilatation of the renal pelves caused by the reflux produces marked atony so that they have a tendency to obstruct themselves by sagging over the pelviureteric junction, and operative reconstruction of the pelviureteric junction may be required to prevent this.

Management of ureteric reflux. The contentious issue has been whether to treat reflux by surgery or by non-operative measures. The findings suggested that the difference between the two methods of treatment when measured by factors such as the incidence of uri​nary infection, maintenance of renal function, kidney growth and scarring, was not significant. However, some researchers noted that although operated children developed bacteriuria as frequently as did unoperated chil​dren, the presence and severity of symptoms were less.

One of the difficulties in assessing the validity of the reflux trials is disagreement as to how reflux should be graded. A five-grade system was chosen by the International Reflux Study Committee (IRSC) (1981). In grade I, urine returns only to the distal parts of the ureter. In grade II, the contrast medium fills the kidney pyelocalyceal system in which X-ray shows no abnormalities. Reflux of grade III is characterized by a moderately distended ureter and rounded calyceal fornices; the pelvis is slightly stretched. In grade IV, the cavities of the kidney are markedly dilated and the ureter is distended and tortuous. In grade V, the reflux is manifested by a typical picture of megaureter: a sharply distorted, irregularly distended and considerably elongated ureter, and ectatic calyces surrounded by a band of thin renal parenchyma are found.

Grading reflux in children beyond the age of 3 years is of little clinical relevance because of the tendency for reflux to improve or disappear spontaneously after this age.

Whenever outcome analysis segregated pyelonephritis from urinary infection as a whole, the incidence of this complication was always significantly higher in unoperated, presumably because organisms were continuing to gain access to their kidneys via the reflux. Furthermore, although, as expected, reflux in the lower grades disappeared in 50-60% of children, particularly if it was, in the higher grades the disappearance rate was only around 25%.
Dysfunctional voiding. Various titles have been applied to this condition, such as uninhibited bladder, unstable bladder and bladder-sphincter dysenergia, but they all amount to the same underlying state, namely, bladder immaturity. The auto​matic inhibitory mechanism fails to mature so the child experiences sudden and urgent calls to void, which are overcome by energetic voluntary contraction of the external urethral sphincter assisted by the other manoeuvres. During these episodes, intravesical pressure will inevitably rise and potential reflux will become actual. A significant number of chil​dren with reflux do have bladder dysfunction and it is worth prescribing anticholinergic drugs such as propantheline or oxybutynin for them. Apart from helping their distressing symptoms, it will facilitate spontaneous resolution of their reflux.

Surgical management. The Cohen (1975) procedure involves mobilizing the ureter from within the bladder and rerout​ing it through a submucosal tunnel to the opposite side. Both ureters can be treated in a similar manner so that they lie on the base of the bladder like folded arms. The technique is effective in eliminating reflux but if, post-operatively, it is necessary to catheterize the ureters endoscopically for any reason, it is virtually impossible to guide a catheter through the new orifice.

The second technique is the endoscopic injection of polytetrafluoroethylene (Teflon) paste submucosally under the intravesical segment of the ureter. This method is undoubtedly successful in eliminating reflux in over 85% of, but concern has been raised about possible com​plications arising from the use of Teflon. For example, granulomatous polyps have arisen at or near the injection site, probably due to introducing the substance slightly too deeply or to its leakage into surrounding tissues. Of more significance is experimen​tal work demonstrating migration of Teflon particles from the intravesical injection site to the brain and lungs. Furthermore, a foreign body, albeit allegedly biologically inert, is located for many decades immediately beneath an epithelium which is notoriously unstable.

Because of these concerns other materials have been investigated, e.g. self-sealing silicone balloon, implanted endoscopically beneath a refluxing ureteric orifice and then inflated with hydroxyethylmethyl acrylate. Another technique employed collagen instead of Teflon. The antireflux success rate was reasonably good and histological examination of the collagen implants showed that they were invaded by host fibroblasts which laid down human collagen. 

So, despite decades of intense study, VUR continues to be a major contributor to the incidence of chronic renal insufficiency, hypertension and end-stage renal failure. Surgical and endoscopic methods of eliminating reflux are successful and straightforward and have a low com​plication rate. But, with the exception of the grosser degrees of reflux the end results, in terms of recurrent urinary infection, renal scarring and renal failure, are no better than non-operative management, although the symptoms of pyelonephritis may be relieved. To prevent the trail of damaged kidneys, reflux must be detected before the complications ensue, i.e. in the newborn. An effective screening method is required that can identify those babies who are at risk, because performing cystography on every newborn is absurdly unacceptable.

Megaureter
A megaureter is a large ureter detected by either con​trast X-rays, ultrasound scan or isotope studies. This anatomical status is the possible consequence of several different congenital abnormalities affecting the urine flow permanently or transiently. Practically, two categories of megaureter may be distinguished: those which are related to an abnormal ureterovesical junc​tion (obstructed, refluxing, or combined), and those which are secondary to a dysfunctioning or obstructed lower urinary tract (neuropathic bladder or posterior urethral valve) or to a systemic disorder (prune belly syndrome).

Three mechanisms can lead to the distension of the ureter: a deficient flow of urine, vesico-ureteric reflux and prune belly syndrome.

1. Deficient flow of urine

A) Slow maturation of the fetal excretory system. The canalization of the ureter and the maturation of its muscular layers are slow processes which may lead to a transient dilatation of the ureters, detected by antenatal ultrasound. The canalization of the ureter is achieved at 9 weeks of pregnancy but the myogenesis of the ureters starts after 11 weeks, is not completed before the end of pregnancy and probably continues after birth. Consequent​ly, during the first few months of pregnancy a variable proportion of the total renal urine output may not flow along the urinary tract and may actually suffuse through the fetal membranes, according to the gradient of osmotic pressure existing between fetal urine and amniotic fluid.

B) Obstructed distal ureteric segment. Early microscopic studies demonstrated autonomic ganglia in the distal ureter and served to disprove the Hirschsprung-like theory postu​lated by Swenson. Multiple histological anomalies of the distal ureteric segment have been reported and it is probably safe to say that no single patho​logical insult is responsible for the non-refluxing megaureter. Regardless of whether collagen deposition, cellular hypoplasia, muscular disarray or some other as-yet undefined injury or deficiency is involved at the microscopic level, a loss of functional continuity results.

Urological obstruction usually occurs at the junc​tion between two different embryological structures, i.e. between a Wolffian structure (the ureteric bud) and the urogenital sinus (bladder). In other cases, the anatomical obstruction of the ureter is associated with another urological anomaly, mainly ureterocele or a duplex system.

C) Dysfunctioning lower urinary tract cannot fulfil its two major commitments: storage of urine at low pressure and regular and complete bladder emptying at physiological pressure. This is the case in the neuropathic bladder (acquired or congenital), in male children with posterior urethral valve or in female children with urethral obstruction (urethral atresia or female hypospadias).

2. Vesico-ureteric reflux

The defect in the ureterovesical junction may be a primary disorder or may arise sec​ondary to bladder dysfunction (neuropathic bladder or unstable bladder) or bladder outlet obstruction (posteri​or urethral valve). The reflux itself can be transient or permanent and its importance can vary widely in the same patient at different times. The classification of vesicoureteric reflux in five grades has therefore a limited interest because it ignores these variations and in clinical practice one should distinguish reflux with and without dilatation of the upper urinary tract. The first category is usually diagnosed before birth (one-third of antenatal dilatation of the urinary tract is relat​ed to reflux), is usually found in the male population (85%) and has a resolution rate of 35%. The second category is usually diagnosed after recurrent urinary tract infections in early childhood in the female population (75%) and has a resolution rate of 75%.

3. Systemic disorders are main​ly represented by the prune belly syndrome, which con​sists of congenital absence or deficiency of abdominal wall musculature, cryptorchidism and anomalies of the urogenital tract. Elongated, dilated and tortuous megaureters are present in 80% of the prune belly syndrome patients. Although the ureteral dilatation is more marked distally the orifices usually are patent and obstruction is rare. Vesicoureteric reflux is common. Microscopically, there is a patchy distribution of muscle fibres with an increase in fibrous and collagenous tissue. Differentiation into cir​cular or longitudinal layers is absent. Ureteric peristalsis is absent or decreased which may be due either to obstruction of nerve impulses by the collagenous and fibrous septa or to the reported marked decreases in nerve plexuses, with irregularity and degeneration of non-myelinated Schwann fibres. No abnormality of the ganglion cells, pelvic parasympathetic apparatus or ante​rior spinal nerve cells has been documented. The bladder is routinely enlarged.

Diagnosis. Large ureters can be picked up ultrasonically at 18-20 weeks of pregnancy. As mentioned above, some large ureters can be related to a transient event such as a slow canalization of the excretory system or a transient obstruction of the urine flow in the fetal tract. One-third of the dilated ureters picked up antenatally are related to vesicoureteric reflux, which are usually found in the male popula​tion. Investigations listed below confirm the diagnosis of a rnegaureter a few days after birth.
When the dilated ureter has not been detected ante​natally, urinary tract infection is the most common symptom of the obstructed ureterovesical junction. Haematuria, abdominal pain and hypertension are also reported, although less common. Urinary tract infec​tions in children should lead to paraclinical investigations which include morphological and functional studies attempting to define obstruction of the urine flow.

1. Morphological studies. These include ultrasound scans of the urinary tract, intravenous urography (IVU) and micturating cystograms (MCU). All three may show the ureteric dilatation and the MCU may show the presence of vesicoureteric reflux. Distal anatomical obstruction of the ureter and vesicoureteric reflux may be concomitant.

2. Functional studies. These investigations include 99mTc-DTPA or 99mTc -mercaptoacetyltriglycerine (MAG 3) isotope scans with administration of diuretic (20 min before the injection of isotope) and pressure studies.

Diuretic isotope studies measure three parameters: the relative function of each kidney, the mean transit time of the isotope through the renal substance and the drainage curve of each excretory system. None of these three criteria has an absolute value to define obstruction and all three depend on the hydration of the patient. The renal function assessed is, by definition, relative and can be difficult to interpret, especially when the contralateral kidney is also abnormal.

Pressure studies (Whitaker, 1979) aim at measuring the differential pressure between the upper tract and the bladder with a constant infusion. Whitaker stated that normal kidney pressure gradient never exceeded 15 cmH2O even when subjected to a fluid load of 10 ml/min; when an obstruction was present, the pressure regularly exceeded 22 cmH2O. These studies postulate that pressure is increased in obstructed systems, which is often wrong, particularly when the system is very dilated. They are also quite invasive and often give false reassurance.

Management of megaureters:

1. Megaureter related to lower tract dysfunction or obstruction. Correction of the primary disorder is required by aug​mentation of the bladder capacity (enterocystoplasty, gastrocystoplasty or autoaugmentation) in neuropathic bladder developing high pressure, treatment of bladder instability (anticholinergics), release of bladder outlet obstruction (posterior urethral valve), etc. Attempts to reimplant megaureters without correcting the primary disorder often lead to failures and complications. It is therefore essential to recognize any underlying bladder dysfunctiori before deciding upon a ureteric reimplantation.

2. Megaureter and prune belly syndrome. Children with prune belly syndrome usually require a complete assessment of their condition in a paediatric intensive care unit due to the high incidence of associated anomalies and metabolic disorders. Controver​sies in the surgical management of urological anomalies exist, with urologists who favour the minimal surgical interference and urologists who prefer an aggressive surgical approach (extensive tailoring and straightening of the ureters, vesicoureteric or reimplantation, excision of the urachus with or without a reduction cystoplasty and tailoring of the bladder neck). In view of the vari​ability of degrees of renal and urinary tract involvement therapeutic options, whether medical or surgical, must be contemplated individually. Upper tract diversion or vesicostomy may be required in patients with severe uraemia, obstruction or uncontrollable infection. Urethroscopy is recommended to exclude posterior urethral valves.

3. Megaureter related to an abnormal ureterovesical junction. Spontaneous improvement of ureteric dilatation is a frequent event in megaureters related to a faulty ureterovesical junction. Maturation of the obstructive or/and refluxing junction is a likely event during the first months of life. Conservative management of megaureters is recommended when renal function and dilatation of the upper tract remain stable (or improve) and when the child remains asymptomatic.

Surgery of the ureterovesical junction. When the conservative approach fails, i.e. when symp​toms recur in spite of an adequate antibiotic prophylactic cover, when renal function decreases on repeated isotope studies or when dilatation of the urinary tract increases, ureteric reimplantation is usually recommended. The aim of the operation is to excise the distal obstructive segment of the ureter and reimplant the ureter with an antireflux mechanism. The suprahiatal reimplantation of the ureter and the transhiatal reim​plantation of the ureter (Glenn-Anderson's procedure or Cohen's procedure) are the two main surgical options.

A) Suprahiatal reimplantation of the ureter

The bladder is approached by a transverse suprapubic incision of the skin and a midline opening of the abdominal wall. The extravesical approach to the ureter is the main step of this procedure. The peritoneum cov​ering the dome and the lateral face of the bladder should be pushed upwards, which involves the ligation of the obliterated hypogastric vessels. It is then easy to mobi​lize the peritoneum upwards and expose the full length of the iliac vessels. The vas deferens and its pedicle are easily located and should also be freed before the ureteric reimplantation.

The ureter is identified passing over the iliac vessels close to their division into the external iliac and hypogastric arteries. The ureter is progressively mobi​lized from this point down to the bladder, preserving its blood supply and the vascularity and nerves of the bladder. In severe megaureters, the ureter is grossly dilated and kinked and its dissection should be meticulous to straighten it and maintain enough tissues around it to preserve its vascularity and innervation. The ureter is divided at its entrance into the bladder and a stay-suture facilitates its mobilization. The ureter, which normally passes under the vas deferens, should be redirected over the vas to straighten it out.

The distal segment of the ureter is usually narrowed and its excision allows urine to flow out freely. The ureteric diameter rapidly contracts and it is then possible to decide whether the ureteric reimplantation can be achieved with or without remodelling or trimming. This decision is dictated by Paquin's law: the length of the submucosal tunnel should represent at least five times the ureteric diameter. If the ureter remains too large after excision of its distal end, the calibre of the ureter should be reduced either by excising a strip of ureter (Hendren's technique, 1979) or by folding the ureter (Kalicinski's technique, 1977). Excision of a strip or ureter may threaten the ureteric vascularity, whereas the ureteric infolding can create a certain degree of obstruction. Whichever technique is chosen, the length of the remodelled or the trimmed segment of ureter should not need to exceed the length of the submucosal tunnel.
The hiatus of entrance into the bladder of the ureter should be medial and high at the top of the posterior face of the bladder. The ureter should not be constricted at this level and it is necessary to excise a disc of bladder to allow free passage of the ureter. The submucosal tunnel should be vertical and the distal end should be opened on the trigone. The ureter should not be twisted or kinked, especially at the entrance into the bladder, and its pelvic course should be smooth. A few absorbable sutures are placed at its entrance into the bladder and sometimes the bladder itself is tacked down on the psoas muscle to maintain the smooth course of the ureter. The ureterovesicostomy is completed with dissolvable sutures.

B) Transhiatal reimplantation of the ureter(s)

This is mainly represented by Cohen's procedure, which is easier to perform than the suprahiatal reimplantation, although it is not always appropriate when the ureter is too large or the trigone too small. The approach of the bladder is identical. The ureteric orifice is circumcised with diathermy and the mobilization of the distal 2 cm of ureter can be performed with diathermy alone (these 2 cm will be excised later). It is essential to enter the correct plane between the bladder and the transparietal ureter, commencing below the orifice. Sharp scissors should be avoided and Reynolds scissors make this procedure much easier. The tip of the Reynolds scissors elevates the muscle fibres that attach the ureter to the bladder musculature. These fibres are grasped with fine De Bakey forceps, coagulated and divided. The dissection continues progressively and circumferentially until the ureter is completely free. Coagulation of the fibres should be carried out at some distance from the ureter to avoid damaging its blood supply. The peritoneum is visible at the end of this dissection and should be teased away from the ureter. 

In patients with ureteric duplication both ureters are dissected together and should not be separated, thus avoiding damage to their blood supply. In some the ureteric hiatus is wide and should be narrowed by 1 -2 absorbable sutures. This is done to prevent the formation of a diverticulum. These sutures should narrow the hiatus, but still allow the free movement of the ureter and not restrict or constrict it.

The sub-mucosal tunnel is then constructed. It is usually a horizontal tunnel, crossing the midline of the posterior surface of the bladder, just above the trigone. Its length should represent at least five times the ureteric diameter (Paquin's rule) and, if this condition cannot be fulfilled, trimming or remodelling of the ureter and suprahiatal reimplantation should be considered. The site of the new ureteric orifice is selected and the bladder mucosa is lifted from the underlying bladder muscles with a pair of Reynolds scissors, starting either from the hiatus or from the new ureteric orifice. The tunnel should be wide enough to allow easy insertion of the ureter, without constriction.

A pair of right-angle forceps is inserted through the tunnel, grasps the stay suture and is gently pulled to draw the ureter into place, taking care not to twist or kink it in the process. The last 2 cm of ureter is excised and the ureteric opening is spatulated. The 5/0 absorbable suture anchors the ureter to the bladder muscles and the ureterovesicostomy is completed with interrupted 6/0 absorbable sutures. An infant-feeding tube is inserted into the reimplanted ureter and exteriorized through the bladder wall, the rectus muscle and the skin, using the punch of a suprapubic catheter. This feeding tube is left for 2 days, or 10 days if the ureter has been remodelled. There is no consensus on the drainage of the reimplanted ureters and some authors do not leave any drain. The bladder is drained either by a transurethral catheter which will be left for 5 days or by a suprapubic catheter.

Postoperative care. The child usually stays for 5 days in a paediatric surgi​cal ward. The ureteric stent is removed after 2 days (or 10 days if the ureter has been remodelled). Bladder spasms are common after this surgery and a prescrip​tion of oxybutinin may be useful to reduce the patient's discomfort. A broad antibiotic cover is recommended for 10 days, followed by 3 months of antibiotic prophy​lactic treatment.

An ultrasound scan performed 1 month and 6 months after the procedure ensures that the dilatation improves, although complete resolution of the dilatation is uncommon. A MAG 3 scan is repeated 6 months later to detect indirect signs of reflux, persistent obstruction, a possible progression of existing scars or new scars. A micturating cystogram is certainly a more reliable method for checking the result of surgery, although it is often badly accepted by the children.

Nephroureterectomy is indicated when renal function is poor (<15% relative function). If a ureteric stump is left in situ it may cause recurrent infections and therefore a total excision of the ureter is recommended.

Bladder exstrophy and epispadias
Bladder exstrophy and epispadias represents a complex series of abnormalities ranging from isolated epispadias through classical bladder exstrophy to the most com​plex condition of cloacal exstrophy. It is a rare abnor​mality but its clinical significance is major because of the devastating effect of the condition on the patients and their families and the need for multiple, staged, complex operative procedures to achieve a satisfactory outcome offering a good quality of life. The management of the exstrophy patient has under​gone a number of evolutionary changes from cutaneous urinary diversion, continent diversion using uretero-sigmoidostomy to total staged reconstruction of the lower genitourinary tract during infancy and early childhood.

The reported prevalence of classic bladder exstrophy is 3,3 in 100 000 births, epispadias without exstrophy 2,4 in 100 000 and cloacal exstrophy 1 in 200000-400000 births. Classic bladder exstrophy is more common in males, with a ratio ranging from 1.5:1 to 3:1. Isolated epispadias is especially rare in females, with a male to female ratio of approximately 4:1, and the ratio for cloacal exstrophy is 1:1.

Embryology. One theory of the cause of the exstrophy-epispadias complex is early rupture of the cloacal membrane along with failure of mesoderm to invade the infraumbilical region which allows the bladder to open and evert on to the ventral abdominal wall. If rupture of the cloacal membrane occurs very early before the urorectal septum has developed (before the 5th week) cloacal exstrophy develops whereas if it occurs between the 5th and 7th weeks bladder exstrophy ensues. The theory of Marshall and Muecke (1962) postulated an overdevelopment of the cloacal membrane, producing a wedge effect, which would hold apart the developing structures of the lower abdominal wall but leave them intrinsically normal in a diverged position. An excessive and perhaps premature split of the cloacal membrane would then be expected to extend towards the body stalk and lay open the underlying vesical primordium. The earlier and more extensive the split in the cloacal membrane the greater would be the tendency for the underlying structures to eventrate and this could interfere with the formation of the urorectal septum and its reaching the perineum. To derive epispadias without exstrophy it is necessary only to picture a lesser persis​tence or overdevelopment of the cloacal membrane.

The anomaly involves not only the urinary tract and genital system as might be expect​ed, but also the musculoskeletal arrangements of the lower abdomen and pelvis. The deformity is sometimes so extensive as to effect the lower gastrointestinal tract, thus constituting a complex involving the urinary, gen​ital, musculoskeletal and intestinal systems all in one continuum, i.e. cloacal exstrophy.

1. Classic bladder exstrophy. The urethra and bladder are open anteriorly with the bladder represented as a midline bulging mass below the umbilicus. The exstrophied bladder changes in size as the intra-abdominal pressure varies. On the lower part of the everted mass two small elevat​ed projections are seen which are the ureteric orifices. Occasionally, if the mucosa is oedematous, these can be difficult to identify. On each side of the lower part of the bladder there is an area of shiny skin, the paraexstrophy skin. The bladder itself can vary enormously in respect of its mucosal appearance, size, distensibility and neuro-muscular function which are important when planning treatment. The histol​ogy of bladders is always abnormal including acute and chronic follicular inflammation with oedema of the sub-mucosal layer, patchy areas of squamous metaplasia of the epithelial covering, glandular formations in the sub-mucosal and muscular layers which bear a striking resemblance to rectal glands, cystitis cystica, marked fibrosis of the muscular layer with disorganization in the arrangement of the muscle bundles, patches of intestinal mucosa which have no connection with the intestinal tract and, neoplastic changes.

In male the glans penis is wide, with a dorsal groove, and the urethra is represent​ed by a mucosal strip on the dorsum of the short upturned penis. In most cases the corpora are normal in diameter and have a normal attachment to the inferior pubic ramus. However, the exophytic part of the penis is short, partly because so much of the cor​poral length is taken up in reaching the midline, but also because the total length of the corpora is reduced, producing a short penis of normal calibre. Erectile deformities are also seen, which most commonly consist of a tight dorsal chordee.

In female the vagina and anus are displaced for​ward because the bladder and the abdominal wall are effec​tively missing. In some patients, even after successful bladder reconstruction, the introitus appears to be on the lower abdomen rather than in the perineum. The cli​toris is bifid and the mons pubis, labia and clitoris are divergent. The urethra and vagina are short and the vaginal orifice is frequently stenotic. The vagina and uterus are poorly supported and liable to prolapse, particularly during pregnancy and following delivery. Septate vagina, bicornuate uterus and absent ovary have also been described.
In all cases of exstrophy there is wide diastasis of the pubic symphysis due to lateral rotation of the iliac and innominate bones. The pubis is also rotated downwards so that the inferior pubic ramus lies horizontally when the patient is standing. This position and the normal attachment of the corpora to the inferior ramus contribute to the penile shortening.

The distance between the umbilicus and anus is short​ened and the bladder bulges through a triangular fascial defect limited laterally by the divergent rectus muscle and inferiorly by the open urogenital diaphragm stretched between the separated pubic bones. The tendon and the tendon sheath of the rectus muscle have a fan-like extension behind the urethra and the bladder neck that inserts into the intersymphyseal band or urogenital diaphragm. Inguinal herniae frequently occur because of a patent processus vaginalis, wide internal and external inguinal rings and lack of obliquity of the inguinal canal.

Classic bladder exstrophy accounts for about 50% of all cases but variations occur (superior vesical fissure, inferior vesical fissure, duplicate exstrophy).
2. Cloacal exstrophy. The main features of classic cloacal exstrophy are an exstrophic central bowel field flanked by two hemibladders. The central bowel field is the ileocaecal region and it has three or four orifices: the superior orifice leads from the terminal ileum and it can prolapse as the “elephant trunk”, the inferior orifice leads to a short blind-ending colonic segment, and these are flanked by the two lateral appendiceal orifices. In 90% of cases an exomphalus is present at the upper aspect of the eventrated bladder and bowel. In 30% of males the penis is absent but it is usually widely separated with two rudimentary corpora. About 20% of males have an epispadias and the testes are usually undescended. The scrotum may be absent, divided into two hemiscrota or bifid. In the female Mullerian fusion anomalies are almost always found: uterine duplication in 95%, vagi​nal duplication in 65% and an absent vagina in 25%.

Associated anomalies occur in the majority of cases and in some series the incidence is as high as 95%. They include the upper urinary tract, vertebral anomalies ranging from spina bifida to sacral agenesis, gastrointestinal anomalies such as malrotation, atresia, duplication and anatomic short bowel, central nervous system anomalies such as myelomeningocele and hydrocephalus, and cardiovascular and pulmonary anomalies including cyanotic heart disease.

3. Male epispadias without exstrophy is subdivided into glanular, penile and subsymphyseal. The majority of these patients are incontinent as the sphincteric mechanism is involved. The anatomical defect is similar to that seen in patients with associated bladder exstrophy and there is also symphyseal diastasis. In female there are two subdivisions: bind clitoris and subsymphyseal. The urethra is patulous and incontinent and the symphyseal area is usually abnormally widened.

Management

The aims of management are:

• to preserve renal function

• to achieve dryness with voiding or bladder emptying by clean intermittent catheterization

• to produce satisfactory abdominal wall and genital cosmesis

• to effect functional genital reconstruction to allow satisfactory sexual activity and preserve fertility 

• to produce an individual who can integrate normally into society.

These aims are best served by functional reconstruction of the lower genitourinary tract and urinary diversion is of historical interest in the treatment of bladder exstrophy and may still be required in the occasional patient.

Investigation. Initial investigations are limited to a complete clinical examination, including full blood count, blood urea, electrolytes and creatinine estimation. An ultrasound scan of the upper urinary tract and pelvis is rou​tinely performed prior to bladder closure to confirm the presence of two normal kidneys and, with the recent recognition of hip dislocation, an orthopaedic consultation with an ultrasound assessment of the hip joints. Following bladder closure repeated monitoring investi​gations are required to assess both the continuing normal development of the upper urinary tract and the growth and capacity of the bladder, including blood testing, ultrasound scans, isotope renography and cystography.

Because of the increased risk of associated anomalies in case of cloacal exstrophy meticulous assessment is required and includes clinical examination, karyotyping and imaging of the urinary, gastrointestinal and central nervous systems. These investigations should include ultrasound examination of the kidneys, abdominal X-ray to assess the gas pat​tern (e.g. atresia), X-rays of the spine and sacrum, chest X-ray and other more specialized investigations when indicated by the initial results. A clear picture of the exstrophy itself and other associated anomalies should be available before one embarks on treatment.

Surgical treatment bladder exstrophy
Bladder closure. The aim of the initial closure is to change the exstrophy into an isolated incontinent epispadias. If pelvic osteotomy is not used, closure should be per​formed certainly within the first 72 hours and is proba​bly best within the first 24 hours of life. This turns the condition into an operative emergency and necessitates the separation of mother and child, and there is now a definite trend towards osteotomy and closure within the first week or 10 days. Recently there has been a move to anterior horizontal osteotomies of the innominate bones (Salter type), performed through the superior pubic ramus. Patients with a successful initial closure had greater bladder capacities, reduced time intervals from primary closure to bladder neck recon​struction and urinary continenceThere were identified the follow​ing factors in successful exstrophy closure:

• bladder protection with a smooth plastic film for 7-10 days followed by closure with simultaneous osteotomy

• a heavy anterior suture for approximation of the pubic symphysis

• avoidance of infection with the use of broad-spectrum antibiotics

• effective bladder drainage with a suprapubic (not urethral) catheter and ureteric stents, again exiting suprapubically

• provision of a bladder neck and urethra of sufficient length to prevent prolapse of the anterior wall and dome of the bladder

• the use of modified Bryant's traction for 3-4 weeks. With the introduction of the Salter-type osteotomy stabilization by plaster spica (in the baby) or fixation devices in the older child are being used more commonly.

If the initial closure is unsuccessful, even if complete dehiscence occurs, reclosure can and should be attempt​ed in combination with osteotomy (even if this had been previously performed).

Staged reconstruction of classical exstrophy-epispadias

	1. Initial bladder closure combined with Salter-type osteotomy at 7-10 days

Examination under anaesthesia at 4-6 weeks and at 6-monthly intervals to assess the bladder outlet and capacity; 6-monthly ultrasound scans of the upper tracts

2. Repair of epispadias at 12 months following 3 months of testosterone treatment

Sustanon 25 mg. i.m./month x 3 months

3a. Young-Dees-Leadbetter bladder neck reconstruction

If bladder capacity not greater than 100 ml by 4-5 years, proceed to 3b

3b. Young-Dees-Leadbetter with augmentation cystoplasty

If patient remains wet or if the upper tracts deteriorate, proceed to 4

4. Augmentation cystoplasty (if not previously performed)

Redo bladder neck reconstruction

Artificial urinary sphincter or bladder neck injection

Continent diversion

If retention ensues, proceed to 5

5. Clean intermittent catheterization with or without Mitrofanoff


Ongoing reconstructive program

The patient should be fitted into the planned sequence of measures. The first stage in the ongoing reconstructive is the epispadias repair. The Cantwell-Ransley repair has superseded all previous forms of repair.

The next operative step involves bladder neck reconstruction to produce dryness. Many experts recommended the Young-Dees-Leadbetter bladder neck reconstruction in combination with ureteric reimplantation, with or without bladder augmentation. It is difficult to reconcile these differences in opinions but many of the difficulties seemed to relate to the definition of continence. Some authors refer to a dry interval in excess of 3-4 hours, but others are more critical, demanding a continent patient who never wets. It would seem that attempts to achieve con​tinence by bladder neck reconstruction alone are well worthwhile but there should be a low threshold to pro​ceed to augmentation should the patient remain inconti​nent or upper tract dilatation occurs.

There are many sequelae of enterocystoplasty. The majority of patients with augmentation are dependent on clean intermittent catheterization to empty their bladders, and some will require additional operative procedures such as the Mitrofanoff (1980) procedure to facilitate this. 

Despite these advances and successes failure continues to occur, but some further procedures may help. With the technical improvements of artificial urinary sphincters their successful use is increasingly being reported in patients with bladder exstrophy-epispadias where previous surgery has failed to make them dry. 

Patients who have undergone previous urinary diversion may be suitable for undiversion or conversion to a continent diversion using the Mitrofanoff procedure. 

The surgical treatment of cloacal exstrophy
Cloacal Exstrophy. In selected cases the longer single-stage closure may be appropriate but in patients with severe associated anomalies staged primary closure may be more successful. Important points include the preservation of as much bowel as possible and the con​struction of an end colostomy rather than an ileostomy.
	 (a) Early

	Bladder
	Separate bowel from the two hemibladders

Join bladders, converting the anomaly to 'bladder exstrophy'
Functional closure of bladder with bilateral pelvic osleotomy

(this may be done as a secondary procedure)

	Bowel
	Tubularize exstrophied bowel segment

Preserve as much bowel length as possible

Construct end colostomy

	Genitalia


	46 XY - gender reassignment to female 

Bilateral orchidectomy 

Clitoroplasty

	Exomphalus
	Closure with abdominal wall repair

	Other
	Treat all associated anomalies as required

	(b) Late

	Bladder
	Follow scheme as outlined tor classical bladder exstrophy

	Bowel
	Colonic pull-through

Faecal incontinence: permanent stoma; ACE procedure

	Genitalia
	Monsplasty and vaginoplasty


It has been suggested that if the hemibladders are small the exstrophic ileocaecal plate can be left behind as an autoaugmentation with an end-to-end anastomosis of the ileum to the hindgut. Pelvic osteotomies are always required. The urethra is usually absent and creation of a neourethra is performed using paraexstrophy or perineal skin flaps. There is universal agreement that males with an inadequate phallus should be reassigned to female gender.

Bladder reconstruction to attain continence is more dif​ficult than in classic bladder exstrophy. A limiting factor is the amount of bowel available but Mitchell et al. (1990) recommend the use of gastro-cystoplasty. The timing and techniques of vaginal reconstruction are also controversial and perineal skin flaps or intestine may be used. Present trends favour the use of colon if sufficient length is available.

Isolated epispadias
MALE. The penile reconstruction is best performed around 1 year of age with the aid of preoperative testosterone treatment. The Cantwell-Ransley approach is the recom​mended technique and excellent cosmetic and function​al results can be achieved. If the patient is continent no further treatment is required but in the incontinent patient the continuing approach is similar to that employed for classical exstrophy. Some encouraging preliminary results are emerging with the use of bladder neck injection.
FEMALE. The cleft urethra is mobilized and tubularized throughout its length and the dilated proximal urethra is also narrowed. The thin skin above the mons is excised and the fat from the mons can be used to cover the neourethra and obliterate the space behind the pubic symphysis. The medial aspects of the clitoris are then excised, the two halves brought together and the mons closed. A simultaneous Young-Dees-Leadbetler bladder neck reconstruction is described but the urethral reconstruction alone may provide an adequate increase in resis​tance to make the patient dry. Therefore the bladder neck reconstruction does not need to be performed simultaneously and if the patient remains incontinent it is worth trying a bladder neck injection before taking the major step of bladder neck reconstruction.
Cantwell-Ransley epispadias repair: essential steps
	1 
	Preliminary glansplasty
	Essentially the reverse of the MAGPI: it is called the IPGAM and it displaces the urethral meatus ventrally

	2 
	Skin mobilization
	Starts in the midline above the urethral meatus, down each side of .the dorsal urethral plate, around the coronal sulcus with complete degloving of the penis

	3 
	Mobilization of the urethral plate
	Start on the ventral surface and preserve a pedicle from the dartos. Mobilize completely

	4 
	Mobilization of the corpora
	These are freed completely with only limited dissection (1-2 cm) from the inferior pubic ramus

	5 
	Mobilization of neurovascular bundles
	Run laterally and ventrally

	6 
	Tubularization of the urethra
	Prior to this a broad strip of glans tissue is excised on each side of the glanular urethra. The urethra is closed over a 10 FG catheter and then displaced ventrally

	7 
	Closure of glans
	In two layers

	8 
	Artificial erection
	A separate injection is required for each corpus

	9 
	Cavernostomy /

corporal rotation
	Performed at the site of maximal angulation the dorsal sur​face of the corpora using non-absorbable sutures

	10 
	Mobilization of the preputial skin
	The mucosal surface is mobilized on its vascular pedicle and brought on to the dorsal surface for skin cover

	11 
	Silastic foam dressing
	For 1 week

	12 
	Follow up cystoscopy
	At 3 months


Hypospadias

Hypospadias is classically defined as an association of three anatomical anomalies of the penis: (1) an abnormal ventral opening of the urethral meatus which can be located at any position on the ventral aspect of the penis; (2) an abnormal ventral curvature of the penis (chordee); (3) an abnormal distribution of the foreskin around the glans with the ventrally deficient hooded foreskin.
So, hypospadias might be defined as an atresia of the ventral radius of the penis. The skin shaft is often poorly represented on the ventral aspect of the penis and some​times very adherent to the underlying urethra, the ven​tral height of the glans is poor and the glans itself is widely open. The corpus spongiosum is atretic and rep​resents one of the major factors of the penile chordee; the frenulum artery is always missing even when the foreskin is intact, and in some rare cases the ventral aspects of the corpora cavernosum are also atretic.

Historically, hypospadias repair has travelled through three periods of uneven inspiration: the nineteenth cen​tury where principles of this surgery were remarkably good but technical facilities were poor (Thiersch, 1869; Duplay, 1874; Cantwell, 1895); the first two-thirds of the twentieth century where a plethora of procedures was described, often advocating multistage recon​struction, the use of inadequate tissues (hairy skin) for urethroplasty and accepting approximate results; and, finally, the current era where modern principles have been standardized (Duckett, 1986; Ransley, 1988; Mollard, 1991), offering better anatomical and functional results, and using some of the nineteenth-century concepts which have been resumed and revived very successfully (Thiersch-Duplay urethroplasty). The approach to hypospadias surgery has evolved since the mid-1980s because of a better understanding of the anatomical characteristics of this congenital anomaly. The identification and use of the urethral plate as an anatomical entity has considerably simplified this surgery, which now involves a small number of proce​dures using the same principles, allowing a single-stage repair in all cases.

The urethral plate is a strip of urethral mucosa extending from the ectopic mealus toward the glans. In the male embryo, the urogenital plate is the horizon​tal segment of the urogenital sinus, which appears at 11 weeks of pregnancy and lies under the genital tubercle. The urogenital plate is at the origin of the penile urethra but not the distal urethra (glanular urethra) which has a different embryological origin and appears later, at 4 months of pregnancy.

Several authors have actually used the urethral plate to repair the urethra without naming it and without identifying it as an anatomical entity (Thiersch, 1869; Duplay, 1874: Mathieu, 1932; Browne, 1949; King, 1970; Devine and Horton, 1977). This concept was first used in the repair of epispadias (Ransley et al.. 1988) and soon after this the technique was described for use in hypospadias repair (Elder et al.. 1987, Hollowell et al., 1990). In 1991 this concept was for repair of severe posterior hypospadias (Mollard et al., 1991). It has become recognized that the urethral plate is not the cause of the chordee and is a reliable mooring plate to reconstruct the urethra.

Principles of hypospadias repair

Three main steps characterize hypospadias surgery:

1. correction of the penile chordee,

2. reconstruction of the missing urethra (urethroplasty),

3. fashioning of the urethral meatus (meatoplasty), the ventral aspect of the glans (glanuloplasty), the mucosal collar and the skin cover of the penile shaft.

 The first step is to correct the penile chordee, which is related to four possible factors:

1) the abnormal .distribution of the skin around the penile shaft and the tethering (attachment) of the skin on to the underlying layers;

2) the tethering of the urethral plate on to the ventral surface of the corpora cavernosum;

3) the atretic cor​pus spongiosum which extends in a fan shape from the ectopic meatus to the glans;

4) in rare cases, an atresia of the ventral aspect of the corpora cavernosum can be responsible for some residual chordee.

Therefore, the correction of the chordee, when it exists, implies:

1) the degloving of the penis;

2) the dissection of the urethral plate which is carefully lifted off the ventral surface of the corpora cavernosum. It is remarkable to see the lengthening and the narrowing of the urethral plate as soon as it is freed from the corpo​ra, even in posterior hypospadias. The two lateral wings of the glans are also dissected extensively at this stage;
3) the excision of the atretic and fibrous corpus spongiosum distally to the ectopic meatus;

4) in rare cases (less than 5'%') the penis remains bent and either a dorsal plication of the tunica albuginea of the corpora (Nesbit, 1965) or a derotation of the corpo​ra, which is a more complex procedure (Kass, 1992), can be performed.

When penile straightening is achieved it should be checked by an artificial erection test. It is then possible to perform an urethroplasty using the urethral plate, which remains attached proximally to the urethra and distally to the glans cap. There are two options to recon​struct the missing urethra: either the urethral plate is wide enough to be rolled into a tube (Thiersch, 1869; Duplay, 1874) or the urethral plate is too narrow to be rolled and is then used as a mooring plate for the urethroplasty. A rectangular pediculized flap of preputial mucosa or a rectangular free graft of buccal mucosa or bladder mucosa comprise the main materials used for creating a new conduit. This rectangle of tissue is sutured to the two edges of the urethral plate creating a tube without carrying out a circular anastomosis: this is the onlay urethroplasty (Elder, 1987), the roof of the neourethra being the urethral plate and the floor of the neourethra being the preputial mucosa, bladder or buccal mucosa.

When the urethroplasty is completed, the meatoplasty and glanuloplasty are performed by folding the two wings of the glans over the neourethra. A mucosal collar is brought ventrally around the corona using the excess of dorsal preputial mucosa (Firlit, 1987).

The skin cover (sleeve cover) uses the excess of dorsal skin which is progressively brought ventrally. The sleeve cover gives better cosmetic results than the traditional Byars (1950) procedure.

Practical classification of hypospadias repair

Glanular hypospadias. The meatus is distal to the corona and there is usually no chordee. The most common procedure used is the MAGPI (meatoplasty advancement and glanuloplasty incorporated). Other methods roll the distal urethral plate (Arap, 1984: Zaontz, 1989, Gilpin, 1993), while others use a flap of skin shaft (Mathieu, 1932).
Penile hypospadias without chordee or with a minor degree of chordee. The meatus is at any position between coronal sulcus and midshaft. When the urethral plate is wide enough to be rolled into a tube this can be used, if not a Mathieu urethroplasty is recommended.

Hypospadias with chordee. A-three-step approach is needed in these patients with untethering and preservation of the urethral plate (Mollard, 1991), urethroplasty, meatoplasty. glanuloplasty and skin cover.

Cripple hypospadias. A complete revision of the penis is usually required. The urethral plate, even if it scarred, can be preserved in many cases and the urethroplasty often uses an onlay buccal graft.

Modern techniques. Paediatric urologists only use single-stage proce​dures in hypospadias.

1. Glanular hypospadias. Many techniques have been described. Surprisingly, it is often more difficult to operate on these distal hypospadias (known as “minor”) than on the posterior ones (“major”).

The MAGPI operation is a popular procedure described by Duckett. It is actually not an advancement of the meatus but a reshaping of the glans which gives the illusion that the urethral meatus has been moved to the tip of the penis.

The incision line is drawn 5mm behind the ectopic meatus and follows the cutaneomucosal junction of the prepuce. A deep vertical incision into the glanular groove for a distance of about 1 cm opens the dorsal meatus generously. Transverse closure of the diamond-shaped defect thus created flattens out the glanular groove and allows a straight stream to emerge. The ven​tral lip of the urethra is fixed with a holding stitch and brought forward. This tilts the glans to a more normal conical position and allows the lateral wings of the glans to rotate to the ventrum. A sleeve approximation of the penile skin is carried out, excising all redundant tissue and leaving a circumcised appearance. The MAGPI is particularly well indicated when the glans is broad and flat.

Par​tial ventral regression of the meatus is a complication of this procedure, which remains the most popular one for glanular hypospadias, requiring secondary procedures.

Other similar techniques. Other authors have slightly modified the MAGPI pro​cedure to improve the cosmetic appearance (Arap, 1984). This modified repair advances two flaps of later​al coronal tissue distally, approximating them in the midline, effectively lengthening the urethra. The glans is then closed over this tissue, normalizing its ventral appearance.

The idea of using the mucosa of the distal groove to reconstruct minor hypospadias has been described by several authors: the glans approximation procedure (GAP) (Zaontz, 1989) is possible when there is a wide glanular groove, and glanular reconstruction and preputioplasty (Gilpin, 1993) (GRAP) relied on the same principle.

In many cases of glanular or coro​nal hypospadias, the technique of Mathieu (1932) can be used.

2. Penile hypospadias without chordee. The Mathieu operation is the treatment of choice. Two parallel incisions are made on either side of the urethral plate up to the tip of the glans and deep down to the corpora cavernosum. The incision line delimits a perimeatal-based skin flap which is folded over and sutured to the edges of the urethral plate. The lateral wings of the glans are generously dissected from the corpora cavernosum. The rest of the procedure follows the recommendations given above.

Distal strictures are rare (1%) and fistulae are met in 4% of cases (Mollard, 1987). The half-moon shaped mealus is sometimes disappointing but an exten​sive dissection of the two wings of the glans allows a neat glanuloplasty. The overall results remain excellent.

3. Hypospadias with chordee. Preservation of the urethral plate, with or without onlay procedures should be the treatment of choice. In these cases the urethral plate is lifted off the corpora cavernosum as described previously. An onlay urethroplasty (Elder, 1987) is done using pedicularized foreskin or buccal mucosa.

Onlay urethroplasty is a relatively new procedure, so the long-term out​come is unknown. In a series of 84 patients, 15% have fistulae, of whom 6% required a secondary procedure (Mouriquand, 1995). No stricture has been recorded.

The transverse preputial island flap technique (Asopa, 1971; Duckett, 1981) can also be used for this type of hypospadias. This technique ignores the urethral plate, which is excised, and uses a tubularized pedicle flap of foreskin which is interposed between the ectopic meatus and the glans. Because there is a circular anastomosis, the risk of stricture is higher here than in the onlay procedures.

Complications. These modern surgical techniques should result in a normal-looking penis with a slit-shaped apical meatus, a ventral reconstruction of the glans, normal erections and normal micturition. Complications are quite com​mon and surgical correction should be delayed until 6 months after the initial operation in order to allow recovery of the tissues.

1. Fistulae. This complication is encountered in all urethroplasties and can be explained by three main causes: meatal stric​tures, infected haematomas and localized necrotic patches of the reconstructed urethra or the covering layers. Prevention of this complication starts with a proper antiseptic preparation of the penis, a broad antibiotic cover, the choice of the appropriate instruments and sutures, a moderate use of electric coagula​tion and an experienced operator.

Some fistulae will heal spontaneously and a minimal delay of 6 months is required before deciding on a sur​gical closure, which can be done as a day case without drainage. The fistula is usually a tiny conduit, which can be excised and ligated at its base after dissection. Large fistulae are unusual and attest that the original urethroplasty was unsatisfactory. They require a full reconstruction of the urethra.

2. Urethral stenosis. This complication is rare with the modern procedures which avoid a circular anastomosis. Proximal stenoses are severe complications requiring recurrent dilatations, which are traumatic to the child and often fail to correct the stenosis. In situ urethrostomy followed by a urethro​plasty is sometimes required. The onlay urethroplasty has made this complication extremely rare. Free grafts still have a significant rate of meatal stenosis which can be treated with a meatostomy.

3. Mucosal ectropion. This is due to the prolapse of a bladder mucosal graft and the subsequent development of pseudopolyps requiring a resection. Recurrence and meatal stenosis are common.

4. Urethrocele. Dilatation of the neourethra is usually secondary to dis​tal stenosis either at the level of the mealus or within the glans tunnel. It can also appear when the calibration of the neourethra is inappropriate. Excision of the redundant urethral tissues and treatment of the distal stenosis is required.

5. Other complications. Hairy urethra and urethral stones should no longer be seen with modern techniques. It is due to the use of scrotal skin and requires a new urethroplasty.

Meatal regression or glanular dehiscence should be avoided by adequate lateral mobilization of the glans wings and careful midline approximation of the glans. It can be corrected with a salvage Mathieu's repair.

Persistent chordee can be caused by the inexperience of the surgeon. A rigorous procedure with peroperative erection test is the only way to avoid this unacceptable complication. If the persistent chordee is minor, dorsal plication of the tunica albuginalis is a possible option, although ventral dissection is often needed.

Disasters: cripple hypospadias. These situations are secondary to multiple surgical interventions and lead to persistent chordee, fibrous patches, scarred tissues, irregular skin and multiple fistulae partially covered by skin bridges.

Incorrect diagnosis, ignorance of the rigorous princi​ples of this surgery and a poor follow-up are often found. Neglected chordee, missed intersexuality, traumatizing dissection, badly vascularized tissues, sutures under tension, inappropriate urine drainage and infection are the main causes of these disasters.

These cases imply a complete penile degloving and a dissection of the reconstructed urethra down to the normal urethra. The most difficult step of this operation is to correct the residual chordee, which implies a com​plete dissection of the ventral surface of the corpora, avoiding grafts (dermal grafts or tunica vaginalis grafts) and sometimes plicating their dorsal aspect. An onlay island flap urethroplasty is sometimes pos​sible, although a complete excision of the reconstructed urethra is often required, leading to a free graft urethro​plasty. When possible, it can he useful to keep the transglanular urethra intact to avoid furlher problems with the meatus.

Poor cosmetic results such as redundant ventral skin, asymmelrical foreskin or retracted meatus are badly accepted by patients and may necessitate further surgical procedures.

The sexual life of these patients should be normal although it often starts slightly later than usual. Erection should be normal and fertility is not affected unless the hypospadias is associated with undescended testes.

General recommendations for hypospadias surgery

1. Material. Magnification devices and instruments for micro​surgery may be helpful to manipulate delicate tissues and small stitches (6/0 and 7/0 absorbable sutures).

2. Peroperative haemostasis. This can be achieved either by using a tourniquet or by injecting a solution of 1:100 000 of adrenaline. Electric coagulation is barely necessary during the procedure. Bipolar coagulation is said to be safer than unipolar coagulation.

3. Urine drainage. This depends on the surgeon's convictions and it may not be necessary to drain distal hypospadias repairs (MAGPI or Mathieu). A Ch4 or Ch6 feeding tube is left for 4 days following a Mathieu's operation and 10-12 days for onlay procedures. The extremity of the feeding tube is left open in the nappy. A suprapubic stent or a dripping stent is an alternative method of drainage.

4. Antibiotics. A broad cover antibiotic treatment is required perioperatively and postoperatively. An antibiotic combination of ampicillin/cotrimoxazol and aminoglycoside or cephalosporin is usually sufficient to avoid infections with Escherichia coli, Klebsiella. Enterobacter cloacae and Proteus mirabilis.
5. Dressing. Silastic foam dressing, hydrocolloid dressing or ban​dage dressing can be used. The hydrocolloid dressing is very comfortable and progressively comes off without hurting the child. Repeated baths can be very helpful to remove the dressing.

6. General recommendations in the management. The ideal age for surgery is probably between 12 and 24 months, when the penis is big enough and the psycho​logical effects of surgery are said to be minimal. Hypospadias associated with one or two undescended testicles or with a micropenis should have an endocrine and genetic assessment. 

Postoperative care. The child should be confined into his cot for 2 days and regular baths can be given starting the day after surgery. Bruising and swelling of the penis may persist for 3-4 weeks.
IX. TUMORS

Wilms Tumor & Genetics
Wilms tumor (WT) is the most common intra-abdominal malignant tumor in children affecting more than 400 children annually in the USA. It has a peak incidence at 3,5 years of age. WT present as a large abdominal or flank mass with abdominal pain, asymptomatic hematuria, and occasionally fever. Other presentations include malaise, weight loss, anemia, left varicocele (obstructed left renal vein), and hypertension. Initial evaluation consists of: Abdominal films, Ultrasound, IVP, urinalysis, Chest-X-rays and Computed Tomography. The presence of a solid, intrarenal mass causing intrinsic distortion of the calyceal collecting system is virtually diagnostic of Wilms tumor. Doppler sonography of the renal vein and inferior vena cava can exclude venous tumor involvement. Metastasis occurs most commonly to lungs and occasionally to liver. Operation is both for treatment and staging to determine further therapy. 

Following NWTSG recommendation's primary nephrectomy is done for all but the largest unilateral tumors and further adjuvant therapy is based on the surgical and pathological findings. Important surgical caveats consist of using a generous transverse incision, performing a radical nephrectomy, exploring the contralateral kidney, avoiding tumor spillage, and sampling suspicious lymph nodes. Nodes are biopsied to determine extent of disease. WT staging by NWTSG consists of: 

Stage I – tumor limited to kidney and completely resected.  

Stage II – tumor extends beyond the kidney but is completely excised. 

Stage III – residual non-hematogenous tumor confined to the abdomen. 

Stage IV – hematogenous metastasis. 

Stage V – bilateral tumors. 

Further treatment with chemotherapy or radiotherapy depends on staging and histology (favorable vs. non-favorable) of the tumor. Non-favorable histologic characteristics are: anaplasia (three times enlarged nucleus, hyperchromatism, mitosis), sarcomatous or rhabdoid degeneration. The success in managing WT has been remarkable the result of stratification, registry and study from the NWTSG. Disease-free survival is 95 % for Stage I and approximately 80 % for all patients. Prognosis is poor for those children with lymph nodes, lung and liver metastasis. 

WT occurs either sporadic (95%), familial (1-2%) or associated with a syndrome (2%). Such syndromes predisposing to WT are WAGR (Wilms, aniridia, genitourinary malformation and mental retardation), Beckwith-Wiedemann Syndrome (gigantism, macroglossia, pancreas cell hyperplasia, BWS), and Denys-Drash Syndrome (male pseudohermaphrodite, nephropathy and Wilms tumor, DDS). They tend to occur in younger patients. Sporadic WT is associated in 10% of cases with isolated hemihypertrophy or genitourinary malformations such as hypospadia, cryptorchidism and renal fusion. Bilateral synchronous kidney tumors are seen in 5-10% of cases. Routine abdominal ultrasound screening every six months up to the age of eight years is recommended for children at high risk for developing WT such as the above-mentioned syndromes. 

It was originally thought that WT developed after the two-hit mutational model developed for retinoblastoma: When the first mutation occurs before the union the sperm and egg (constitutional or germline mutation) the tumor is heritable and individuals are at risk for multiple tumors. Nonhereditary WT develops as the result of two-postzygotic mutations (somatic) in a single cell. The two-event hypothesis predicts that susceptible individuals such as familial cases, those with multifocal disease and those with a congenital anomaly have a lower median age at diagnosis than sporadic cases. It is now believed that several genes' mutations are involved in the overall WT pathogenesis.
Loss of whole portions of a chromosome is called loss of heterozygosity (LOH), a mechanism believed to inactivate a tumor-suppressor gene. WT has been found 50 % of the time to contain LOH at two genetic loci: 11p13 and 11p15. WT will develop in 30 % of WAGR children. Children with the WAGR association shows a deletion in the short arm of chromosome 11 band 13 (11p13) but a normal 11p15 region. Up to a third of sporadic WT have changes in the distal part of chromosome 11, a region that includes band p13. The region of the deletion has been named the WT1 gene, a tumor suppressor gene that also forms a complex with another known tumor-suppressor, p53. WT1 gene express a regulated transcription factor of the zinc-finger family proteins restricted to the genitourinary system, spleen, dorsal mesentery of the intestines, muscles, central nervous system (CNS) and mesothelium. WT1 is deleted in all WAGR syndromes cases. The important association of WT1 mutation and WAGR syndrome with intralobar nephrogenic rests immediately suggest that WT1 expression be necessary for the normal differentiation of nephroblasts. Only five to 10% of sporadic WT have thus far been shown to harbor WT1 mutations. Inactivation of WT1 only affects organs that express this gene such as the kidney and specific cells of the gonads (Sertoli cells of the testis and granulosa cells of the ovary). WT1 has been shown to cause the Denys-Drash syndrome. Most of the mutations described in DDS patients are dominant missense mutations. 

A small subset of BWS has a 11p15 duplication or deletion. The region 11p15 has been designated WT2 gene and is telomeric of WT1. Beckwith-Wiedemann form of WT is also associated with IGF2, an embryonal growth-inducing gene. This might prove that two independent loci may be involved in tumor formation. Candidates genes include insulin-like growth factor II gene (IGFII) and the tumor suppressor gene H19. A substantial fraction of WT (without LOH at the DNA level) has been found to have altered imprints with resultants over expression of IGFII and loss of expression of the tumor suppressor H19. IGFII may be operating like an oncogene by perpetuating nephroblast and may account for the perilobar rests observed in BWS patients. 

A gene for a familial form (FWT1) of the tumor has also been identified in chromosome 17q. There also might be a gene predisposing to Wilms tumor at chromosome 7p, where constitutional translocations have been described. Mutation in p53 is associated with tumor progression, anaplasia and poor prognosis. Most WT are probably caused by somatic mutations in one or more of the increasing number of WT genes identified. 

A few chromosomal regions have seen identified for its role in tumor progression. LOH at chromosome 16q and chromosome 1p has been implicated in progression to a more malignant or aggressive type Wilms' tumor with adverse outcome. This occurs in approximately 20% of patients with WT. These children have a relapse rate three times higher and a mortality rate twelve times higher than WT without LOH at chromosome 1p. p53 is also associated with the so called anaplastic unfavorable histology. Patients with WT and a diploid DNA content (indicating low proliferation) have been found to have an excellent prognosis. Hyperdiploidy (high mitotic activity) is a poor prognostic feature of Wilms tumor, rhabdomyosarcoma and Osteosarcoma. 

Nephrogenic rests are precursor lesions of WT. Two types are recognized: perilobar nephrogenic rests (PLNR) limited to the lobar periphery, and intralobar nephrogenic rests (ILNR) within the lobe, renal sinus or wall of the pelvocaliceal system. The strong association between ILNR, aniridia and Denys-Drash syndrome where the WT1 zinc finger gene has been implicated suggests that this locus might be linked to the pathogenesis of ILNR. Also the association between BWS and some cases of hemihypertrophy with abnormalities of more distant loci on chromosome 11p raises the possibility that the putative WT2 gene might be more closely linked to PLNR. 

An advantage of genetic testing is that children with sporadic aniridia, hemihypertrophy or the above discussed syndromes known to be at high risk for developing WT can undergo screening of the germline DNA. This might identify if they harbor the mutation and need closer surveillance for tumor development. 

Neuroblastoma & Genetics

Neuroblastoma (NB) is the most common extracranial solid tumor in infants. More than 500 new cases are diagnosed annually in the United States. Most neuroblastomas (75 %) arise in the retroperitoneum (adrenal gland and paraspinal ganglia), 20 % in the posterior mediastinum, and 5 % in the neck or pelvis. NB is a solid, highly vascular tumor with a friable pseudocapsule. Most children present with an abdominal mass, and one-fourth have hypertension. Other have: Horner's syndrome, Panda's eyes, anemia, dancing eyes or vaso-intestinal syndrome. Diagnosis is confirmed with the use of simple X-rays (stipple calcifications), Ultrasound, and CT-Scan. Work-up should include: bone marrow, bone scan, myelogram (if there is evidence of intraspinal extension), and plasma/urine tumor markers level: vanillylmandelic acid (VMA), homovanillic acid (HVA)  and dopamine (DOPA). 

Management of NB depends on the stage of disease at diagnosis. Localized tumors are best managed with surgical therapy. Partially resected or unresectable cases need chemotherapy a/o radiotherapy after establishing a histologic diagnosis. Independent variables determining  prognosis are age at diagnosis and stage of disease. The Evans classification for NB staging comprised: 

Stage  I    –  tumor confined to an organ of origin. 

Stage II  – tumor extending beyond an organ of origin, but not crossing the midline. Ipsilateral lymph nodes may be involved. 

Stage III – tumor extending beyond midline. Bilateral lymph nodes may be involved. 

Stage IV – remote disease involving skeleton, bone marrow, soft tissue or distant lymph nodes. 

Stage IVS – same as stage I or II with presence of disease in liver, skin or bone marrow. 

Young children with stage I/II have a better outcome. A poor outcome is characteristic of higher stages, older patients and those with bone cortex metastasis. Other prognostic variables are: the site of primary tumor development, maturity of tumor, presence of positive lymph nodes, high levels of ferritin, neuron-specific enolase, and diploid DNA. 

Neuroblastoma is a malignant tumor of the postganglionic sympathetic system that develops from the neural crest: sympathetic ganglion cells and adrenal gland. In vitro three cell types have been identified: 

1 -  neuroblastic (N-type) cells that are tumorigenic. These cells are responsible for producing cathecolamines and vasoactive substances which help in diagnosis and follow-up therapy. 

2 -  the Schwannian or substrate-adherent (S-type) cells that are non-tumorigenic, and the 

3 -  intermediate I-cells. 

NB can behave seemingly benignly and undergo spontaneous regression, mature into a benign ganglioneuroma or most commonly progress to kill its host. This disparate behavior is a manifestation that we are dealing with related tumors with differently genetic and biological features associated with a spectrum of clinical behaviors. 

Conclusive associations with environmental factors have not been proved in NB. Hereditary factors are important in NB since a few cases exhibit predisposition following a dominant pattern of inheritance. The most characteristic cytogenetic abnormality of neuroblastoma is deletion of the short arm of chromosome 1 in locus 36 (1p36) occurring in 50 to 70 % of primary diploid tumors. LOH of the short arm of chromosome 1 is also associated with an unfavorable outcome, suggesting that a tumor suppression gene may be found in this region. The common region of deletion or LOH resides at the distal end of the short arm of chromosome 1 from 1p36.2 to 1p36.3. Loss or inactivation of a gene at this site is critical for progression of neuroblastoma. A few candidate genes from this site have been mapped. LOH in chromosome 14 long arm (14q) has also been identified in 25-50 % or neuroblastoma cells studied but no clinical behavior has been identified with this finding. Gain of chromosome 17 is associated with more aggressive tumors. 

Another consistent chromosomal aberration identified in 25 to 30 % of  NB cells is the presence of double-minute chromosomes, small fragments of chromatin containing multiple copies of the oncogene N-myc produced by amplification. N-myc protooncogene is found on chromosome 2p and its activation results in tumor formation. The amplified N-myc sequence is found on extrachromosomal double minutes (DM) or on homogeneous staining regions (HSR) involving different chromosomes in neuroblastoma (N-type) cell lines. N-myc amplification is strongly associated with advance stages of disease, rapid tumor progression and poor outcome independent of the stage of the tumor or the age of the patient. NB tumors associated with N-myc amplification needs aggressive therapy. N-myc amplification associated with deletion of 1p is correlated with a poor outcome. Deletion of the long arm of chromosome 1 (1q-) is also a poor prognostic sign. 

Though most NB cells are diploid, a good number of them are hyperdiploid or triploid. Hyperdiploidy is a good prognostic feature of NB and embryonal rhabdomyosarcoma in infants, while diploid tumors at any age and hyperdiploid in older patients carry a worse prognosis  requiring more intensive treatment. 

Neuroblast cells needs nerve growth factor (NGF) for proper differentiation. NB tumor cells do not respond to NGF or do not express the receptor. This receptor consists of three transmembrane tyrosine kinase receptors (TRK-A, TRK-B, and TRK-C), known together as the TRK receptor. TRK-A is detected in 90% of NB cells and correlates inversely with N-myc expression. High TRK-A levels correlate strongly with improved survival and plays a role in the propensity for tumors to regress or differentiate into a more benign nature. TRK-B is associated with more matured tumors and TRK-C with lower stage tumors. Alteration in the NGF receptor function or expression promotes tumorigenesis. In conclusion, high levels of TRK expression are associated with better prognosis, earlier stage, lower patient age and lack of N-myc expression. 

Neuroblastomas in newborns, cystic tumors, bilateral tumors in infants, and infants less than one year of age with neuroblastoma stage IV-S can undergo neuronal cell differentiation with spontaneous regression. It is thought that high level of TRK-A found in this cases might explain differentiation and regression as high level of this glycoprotein is associated with a favorable prognosis. Regression might be associated with non-affected tumor cell apoptosis. 

Other biological markers associated with NB are the multidrug resistance-related protein (MRP) gene, telomerase activity and bcl-2 gene activity. MRP shows a strong correlation with an advanced clinical stages and poor prognosis. High telomerase activity is associated with poor prognosis and high N-myc amplification. The bcl-2 gene produces a protein that prevents neuronal cell death (apoptosis) and promotes tumor progression. Bcl-2 expression is associated with a poor outcome. Apoptosis in NB may result in tumor progression. 

The RET proto-oncogene is a protein tyrosine kinase gene (Ret protein) expressed in the cells derived from the neural crest. The activation of RET involves a chromosomal inversion of the long arm of chromosome 10 that juxtaposes the tyrosine kinase encoding domain of RET to the amino terminal sequences of at least three unrelated genes. Germline mutations in the RET gene have been associated with neuroblastoma, pheochromocytoma, multiple endocrine neoplasia (MEN) 2, familial medullary thyroid carcinoma (MTC), radiation-induced thyroid papillary carcinoma, and recently Hirschsprung's disease. RET analysis is a suitable method to detect asymptomatic children with MEN at risk to develop MTC allowing us to consider thyroidectomy at a very early stage of neoplasm development (C-cell hyperplasia) or prophylactically. 

High levels of neuron specific enolase and serum ferritin levels are associated with a poor prognosis in NB. Nm-23 and ganglioside GD2 are still other tumor markers associated with poor outcome, active disease and tumor progression. 
Rhabdomyosarcoma & Genetics

Rhabdomyosarcoma (RMS), the most common soft tissue sarcoma in infants and children, represents about 5-15 % of all malignant solid lesions. It has a peak incidence before the age of five years, and a second surge during early adolescence. Head, neck and pelvic malignancies are more prevalent in infancy and early childhood, while trunk, extremity and paratesticular sites are largely a disease of adolescents. RMS arises from a primitive cell type and occurs in mesenchymal tissue at almost any body site excluding brain and bone. The predominant histologic type in infants and small children is embryonal rhabdomyosarcoma, occurring in the head and neck, genitourinary tract and retroperitoneum. Embryonal RMS is associated with a favorable prognosis. Botryoid RMS is a subtype of the embryonal variety, which ordinarily extends into body cavities such as bladder, nasopharynx, vagina, or bile duct. The alveolar cell type, named for a superficial similarity to the pulmonary alveoli, is the most common form found on the muscle masses of the trunk and extremities, and is seen more frequently in older children and young adults. Alveolar RMS is associated with a poor prognosis. This unfavorable prognosis is the result of early and wide dissemination, bones marrow involvement and poor response to chemotherapy Clinical findings, diagnostic evaluation and therapy depend upon location of the primary tumor and are beyond the scope of this review. Head and neck RMS are most common and occur in the orbit, nasopharynx, paranasal sinuses, cheek, neck, middle ear, and larynx. Most are treated by simple biopsy followed by combined therapy or preoperative chemotherapy and radiation followed by conservative resection. Operations for extremity lesions include wide local excision to remove as much of gross tumor as possible. The trend in management is more chemotherapy with conservative surgical therapy. Survival has depended on primary site, stage of disease, and treatment given. 

Most RMS occurs sporadically. Approximately 5 % are associated to syndromes such as Beckwith-Wiedemann with LOH at the 11p15 locus, Li-Fraumeni, the neurofibromatosis-NF1 gene located on 17q11, Basal Cell Nevus, and the Fetal Alcohol syndrome. Other risk factors in the development of RMS include maternal use of marijuana and cocaine, exposure to radiation, and maternal history of stillbirth. 

Alveolar and embryonal RMS are the most genetically studied sarcomas in children. The expression of a number of human paired box-containing (PAX) genes has been correlated with various types of RMS. In alveolar RMS novel fusion genes encoding chimeric fusion proteins have been identified. The most consistent genetic mutation identified in more than 70% of alveolar RMS is translocation of chromosomes 2 and 13, t(2;13)q35-37;q14). The PAX3 loci in chromosome 2 fuses to the FKHR (fork head in rhabdomyosarcoma) domain of chromosome 13 creating a powerful chimeric PAX3-FKHR gene that encodes an 836 amino acid fusion protein. This information is obtained using reverse transcriptase PCR assays of alveolar RMS or by protein immunoprecipitation with PAX3 and FKHR antisera. The PAX3-FKHR protein is an active transcription factor. The t(2;13) activates the oncogenic potential of PAX3 by dysregulating or exaggerating its normal function in the myogenic lineage and affecting the cellular activities of growth, differentiation and apoptosis. Another of the reported translocation is t(1;13)(p36;q14) involving chromosome 1 and 13 in 10 % of alveolar RMS. In this variant, Chromosome 1 locus encoding PAX7 fused to FKHR in chromosome 13 resulting in another chimeric transcript PAX7-FKHR. PAX7-FKHR tumors tend to occur in younger patients, are more often in the extremity, are more often localized lesions and are associated with significantly longer event-free survival. Still, a small subset of alveolar RMS does not contain either fusion mutation. The PAX3-FKHR and the variant PAX7-FKHR fusions are associated with distinct clinical phenotypes. Identification of fusion gene status by PCR is a useful diagnostic tool in differentiating RMS from other round cell tumors. 

Embryonal RMS contains frequent allelic loss on chromosome 11 (11p15), a genetic feature specific for this type of tumor. Allelic loss is manifested by the absence of one of the two signals in the tumor cells indicating a genetic event such as a chromosome loss, deletion, or mitotic recombination that eliminates one allele and the surrounding chromosomal region. The smallest affected region has been localized to chromosomal region 11p15.5. The presence of a consistent region of allelic loss is often indicative of the presence of a tumor suppressor gene inactivated in the associated malignancy. The mechanism for inactivation of tumor suppressor genes is postulated to be a two-hit scenario in which both copies of the gene are sequentially inactivated: a small point mutation inactivates one of the two alleles, preferably the maternal side allele, and the allelic loss event inactivate the second allele (the paternal allele). This leads to over expression of the insulin-like growth factor II gene known to play a role in the development of embryonal tumors. 

Other alterations associated with embryonal RMS are distinct patterns of chromosomal gains (chromosomes 2,7,8,12,13,17,18, and 19) in contrast with alveolar RMS which shows genomic amplification of chromosomal region 12q13-15 in 50 % of cases. Notably, these distinct changes predominantly involved chromosomes 2, 12, and 13 in both subtypes. Additionally embryonal RMS cases shows mutations of members of the RAS gene family, a second proto-oncogene. Both tumors share alterations in the p53 gene at the germline level contributing to increase susceptibility to other tumors characteristics of the Li-Fraumeni syndrome. There is also greater over expression of c-myc in alveolar RMS when compared with embryonal RMS. All this favors a multi-step origin of RMS tumors generating phenotypic changes of growth autonomy, abnormal differentiation and motility. 

The Li-Fraumeni familial cancer syndrome is manifested by increased susceptibility of affected relatives to develop a diverse set of  malignancies during early childhood. The major features of the syndrome include breast cancer, osteosarcoma, rhabdomyosarcomas of soft tissue, glioblastoma, leukemia  and adrenal cortical carcinoma. More than one-half of the cancers overall and nearly one-third of the breast cancers were diagnosed before 30 years of age. Among females, breast cancer is the most common. Germline mutations within a defined region of the p53 gene have been found in families with the Li-Fraumeni syndrome. Persistence of the mutation in the germline suggests a defect in DNA repair in the family member first affected. Asymptomatic carriers of p53 germline mutation needs closed evaluation and follow-up for early detection and treatment in case neoplasia develops. 

Hepatic Tumors: Hepatoblastoma

Hepatoblastoma (HB) is the most common primary malignant neoplasm of the liver in children mostly seen in males less than four year of age. Diagnostic work-up (US, Scintigraphy, CT-Scan) objective is predicting resectability and tumor extension. Diagnostic laparotomy will decide resectability. Markers associated to this tumor are: alpha-fetoprotein and gamma-glutamyltransferase II. Only reliable chances of cure is surgical excision although half are unresectable at dx. Unresectable tumors can be managed with preop chemotx. Disadvantages of preop chemotx are: progressive disease, increase morbidity, post-op complications, and toxicity. Advantages are: decrease in tumor size, covert three-fourth cases into resectable, although extent of surgery is not decreased. Tumor necrosis is more extensive in pt. receiving preop chemotx. Osteoid present in tumors after chemotx may represent an inherent ability of the tumor to maturate and differentiate. Diploid tumors on DNA flow cytometry show a better prognosis. 

Sacrococcygeal Teratoma

Sacrococcygeal teratoma (SCT) is the most common extragonadal germ cell tumor in neonates with an incidence of one in 30-40,000 live births. Three-fourth are females. SCT present as a large, firm or more commonly cystic masses that arise from the anterior surface of the sacrum or coccyx, protruding and forming a large external mass. Histology consist of tissue from the three germ cell layers. SCT is classified as: mature, immature, or malignant (endodermal sinus) and produces alpha-feto protein (AFP).

Prenatal sonographic diagnostic severity criteria are: tumor size greater than the biparietal diameter of the fetus, rapid tumor growth, development of placentomegaly, polyhydramnios and hydrops. Large tumors should benefit from cesarean section to avoid dystocia or tumor rupture. Management consist of total tumor resection with coccyx (recurrence is associated with leaving coccyx in place). Every recurrence of SCT should be regarded as potentially malignant. Malignant or immature SCT with elevated AFP after surgical resection will benefit from adjuvant chemotherapy. Survival is 95 % for mature/immature tumors, but less than 80% for malignant cases. Follow-up should consist of (1) meticulous physical exam every 3-6 months for first three years, (2) serial AFP determination, (3) fecal/urodynamic functional studies. Long term F/U has found a 40 % incidence of fecal and urinary impairment associated to either tumor compression of pelvic structures or surgical trauma. 

Ovarian Tumors

Ovarian tumors are uncommon childhood malignancies (1%) characterized by recurrence and resistance to therapy. Aggressive surgery is limited to avoid compromising reproductive capacity and endocrine function. Low incidence and need of mulitinodal therapy encourages referral to centers dealing with effective cancer therapy. The most common histology is germ cell: dysgerminoma, teratoma, and endodermal sinus tumor. This is followed by the sex-cord stroma tumors with a low incidence of malignancy. They can cause feminization (granulosa-theca cell) and masculinization (androblastoma). Other types are: epithelial (older adolescent), lipid-cell, and gonadoblastoma. Ovarian tumors present with acute abdominal symptoms (pain) from impending rupture or torsion. They also cause painless abdominal enlargement, or hormonal changes. Preop work-up should include: human chorionic gonadotropin (HCG) and alpha-fetoprotein (AFP) levels. Imaging studies: Ultrasound and CT-Scan. The most important prognostic factor in malignant tumors is stage of disease at time of diagnosis. Objectives of surgery are: accurate staging (inspection of peritoneal surfaces and pelvic organs, lymph node evaluation), washing and cytology of peritoneal fluid, tumor removal, and contralateral ovarian biopsy if needed. Chemotherapy consists of: bleomycin, cis-platinum, and vinblastine. Radiotherapy is generally not effective, except in dysgerminoma. Elevation of tumor markers (AFP or HCG) after therapy signals recurrence. 

Thyroid Nodules

The need to differentiate malignant from benign thyroid nodules is the most challenging predicament in management. Present diagnostic work-up consists of ultrasonography (US), radionuclear scans (RNS) and fine-needle aspiration biopsy (FNAB). After reviewing our ten-year experience with twenty-four pediatric thyroid nodules we found nineteen benign and five malignant lesions. Benign nodules were soft, movable, solitary and non-tender. Malignant nodules were found during late adolecence, characterized by localized tenderness, a multigandular appearance and fixation to adjacent tissues. US and RNS were of limited utility since malignancy was identified among cystic and hot nodules respectively. Suppressive thyroid hormone therapy was useless in the few cases tried. FNAB in eighteen cases did not limit the number of thyroid resections. It showed that the probability that a malignant nodule had suspicious or frankly malignant cytology was 60 %. The specificity was 90 %. This is the result of a higher number of patients with follicular cell cytology in the aspirate. No attempts should be made to differentiate follicular adenoma from carcinoma since capsular and vascular invasion cannot be adequately assessed by FNAB.The physical exam findings, persistence of the nodule, progressive growth and cosmetic appearance were the main indications for surgery. FNAB is a safe procedure that plays a minor role in the decision to withhold surgery. Its greatest strength is to anticipate in case of malignancy that a more radical procedure is probably needed. FNAB, US and RNS should not replace clinical judgement or suspicion as the most important determinants in management. 

In spite of presenting with advanced, multicentric and larger tumors children have a better survival than adults. Populations at risk: past radiation to head and neck, nuclear waste radiation, MEN II  kindred. Clinical presentation is a solitary cervical mass or metastatic lymph node. Diagnostic work-up should include: sonogram (cystic or solid), thyroid scan (cold or hot), Fine-needle aspiration cytology (FNA), and Chest-X-Ray (lung metastasis 20 % at dx). Pathology of tumors: papillary (majority, psammomas bodies), follicular (vascular or capsular invasion), medullary (arise from C-cells, multicentric, locally invasive), anaplastic (rare, invasive and metastatic). Management is surgical. Complications of surgery increase with decreasing age of patient: temporary hypoparathyroidism, recurrent nerve injury. Prognostic factors associated to higher mortality are: non-diploid DNA, psammomas bodies, over 2 cm diameter nodule, and anaplastic histology. Follow-up for recurrence with serum thyroglobulin level and radioisotope scans. Adjunctive therapy: thyroid suppression and radio-iodine for lymph nodes and pulmonary metastasis. 

Burkitt's Lymphoma

Burkitt's lymphoma (BL) is a highly malignant tumor first described during the late 50's in African children (jaw), endemic in nature, and composed of undifferentiated lympho-reticular cells with uniform appearance. The American BL variety is non-endemic, mostly attacks children between 8-12 years of age, predominantly (>75 %) with abdominal disease such as unexplained mass, pain, or intussusception. The head and neck region follows. The tumor can appear as a localized, diffuse (multifocal, non-resectable) or metastatic abdominal mass (bone marrow and CNS). It's considered the fastest growing tumor in humans with a doubling time around 12-24 hrs. Chemotherapy is the primary treatment modality due to its effectiveness in rapidly proliferating cells. The role of surgery is to establish the diagnosis (using open biopsy), stage the tumor, remove localized disease, relieve intestinal obstruction and provide vascular access. Complete resection whenever possible offers the patient improved survival. Is more readily accomplished in patients with localized bowel involvement operated on an emergency basis due to acute abdominal symptoms. The only predictor of event free survival is extent of abdominal disease at diagnosis. Debulking (cytoreductive) procedures increases morbidity and delays initiation of chemotherapy worsening prognosis. Extensive tumors should be managed with minimal procedure and immediate chemotherapy (a/o radiotherapy). Bone marrow and CNS involvement are ominous prognostic signs.

X. GYNECOLOGIC CONSIDERATIONS

Labial Adhesions in Infants

Minor labial adhesions is a common pediatric gynecologic problem occasionally confused with imperforate hymen. Most cases are in children 2-6 y/o and involve labial adhesions secondary to diaper rash. The process causing fusion is a natural one: two normally covered surfaces with squamous epithelium in contact with each other is traumatized eventually forming a fibrous tissue union (agglutinate) between them when healing occurs. A small opening near the clitoris is always present through which urine escapes.This seldom causes symptoms except recurrent UTI if it covers the urethral meatus. Treatment consists of applying estrogenic creams (0,1 %) for two weeks. Manual separation can be painful and adhesion recurs. Unless the urethral meatus is covered, there is no reason to be further aggressive in management. Prolonged use of estrogenic cream can cause precocious isosexual development.

Ovarian Cysts

Ovarian cysts in fetus and infants are usually follicular in nature and less than 2 cm in size. They are commonly diagnosed between the 28th and 39th wk. of gestation by sonography. Hypotheses on etiology are: (1) Excessive fetal gonadotropic activity, (2) enzymatic abnormalities of the theca interna, and (3) abnormal stimulation by the mother HCG. Obstetric management consists on observation and vaginal delivery. After birth, diagnostic assessment and management will depend on the size and sonographic characteristics of the cyst. Simple anechoic cysts, and those less than 5 cm in size can be observed for spontaneous resolution. Cyst with fluid debris, clot, septated or solid (complex nature), and larger than 5 cm should undergo surgical excision due to the higher incidence of torsion, perforation and hemorrhage associated to them. Percutaneous aspiration of large simple cysts with follow-up sonography is a well-accepted therapy, preserving surgery for recurrent or complicated cases. Surgical therapy is either cystectomy or oophorectomy that can result in loss of normal ovarian tissue.

Breast Disorders

Most breast disorders in children of either sex are benign. Congenital lesions are: absent or multiple breast. Transplacental hormonal influence in neonates may cause hyperplasia of breast tissue with predisposition to infection (Mastitis neonatorum). Premature hyperplasia (thelarche) in females is the most common breast lesion in children. It occurs before the age of eight as a disk-shaped concentric asymptomatic subareolar mass. Remains static until changes occur in the opposite breast 6-12 mo later. It can regress spontaneously or stay until puberty arrives. Biopsy may mutilate future breast development. On the contrary, discrete breast masses in males cause concern and excision is warranted. Gynecomastia is breast enlargement cause by hormonal imbalance, usually in obese pre-adolescent boys. If spontaneous regression does not occur, it can be managed by simple mastectomy. Virginal hypertrophy is rapid breast enlargement after puberty due to estrogen sensitivity. If symptomatic, management is reduction mammoplasty. 

XI. PRENATAL CONGENITAL MALFORMATIONS

Fetal Surgery

Poor survival with neuroblastomas, diaphragmatic hernias and necrotizing enterocolitis requires efforts during the next few years to reduce mortality rates. These areas will require extensive investigation as to etiology, unique characteristics and better management. Certain lesions such as hydrocephalus, hydrouretero-nephrosis and diaphragmatic hernias may benefit from intrauterine correction.

Fetal Intestinal Obstruction

The fetal gastrointestinal tract (foregut, midgut and hindgut) undergoes ventral folding between 24-28 days' gestation. By the 5-6th wk the stomach rotates to the right and the duodenum occludes by cell proliferation. Recanalization of the duodenum occurs around the 8th wk. The midgut rotation takes place during the 6-11th wk and the final peritoneal closure by 10th wk. The fetal GI tract begins ingestion and absorption of amniotic fluid by the 14th wk. This fluid contributes to 17 % effective nutrition; proximally obstructed gut can cause growth retardation. Fetal intestinal obstruction is caused by: failure of recanalization (duodenal atresia), vascular accidents (intestinal atresias), intrauterine volvulus, intussusception, or intraluminal obstruction (meconium ileus). Esophageal obstruction causes polyhydramnios, absent visible stomach and is related to tracheo-esophageal anomalies. Duodenal obstruction seen as two anechoic cystic masses is associated to aneuploidy (trisomy 21) and polyhydramnios. Jejuno-ileal obstruction produces dilated anechoic (fluid-filled) serpentine masses and bowel diameter of 1-2 cm. Large bowel obstruction is most often caused by meconium ileus, Hirschsprung's disease or imperforate anus. The colon assumes a large diameter and the meconium is seen echogenic during sonography. In general the method of delivery is not changed by the intrauterine diagnosis of intestinal obstruction. Timing can be affected if there is evidence of worsening intestinal ischemia (early delivery recommended after fetal lung maturity).
Prenatal сongenital cystic adenomatoid malformation (CCAM)

Congenital cystic adenomatoid malformation is a lung bud lesion characterize by dysplasia of respiratory epithelium caused by overgrowth of distal bronchiolar tissue. Prenatally diagnosed CCAM prognosis depends on the size of the lung lesion and can cause: mediastinal shift, hypoplasia of normal lung tissue, polyhydramnios, and fetal hydrops (cardiovascular shunt). Classified in two types based on ultrasound findings: macrocystic (lobar, > 5 mm cysts, anechoic, favorable prognosis) and microcystic (diffuse, more solid, echogenic, lethal). Occurs as an isolated (sporadic) event with a low rate of recurrence. Survival depends on histology. Hydrops is caused by vena caval obstruction, heart compression and mediastinal shift. The natural history is that some will decrease in size, while others disappear. Should be follow with serial sonograms. Prenatal management for impending fetal hydrops has consisted of thoraco-amniotic shunts (dislodge, migrate and occlude), and intra-uterine fetal resection (technically feasible, reverses hydrops, allows lung growth). Post-natal management consist of lobectomy.
XII. PEDIATRIC LAPAROSCOPY

Physiology of the Pneumoperitoneum

The concept behind minimally invasive surgery is that the size of the wound has a direct correlation with the metabolic and endocrine response to surgical trauma. The greater the cutting of fascia, muscle and nerve the higher the catecholamine and catabolic response of the body to surgical trauma. 

A potential working space during video-laparoscopic abdominal procedures in children is established with the help of a carbon dioxide pneumoperitoneum. The most popular technique used in children for developing a pneumoperitoneum is the open (Hasson) technique, usually in children less than two years of age. Closed or percutaneous (Veress needle) technique is mostly practice in older children and adolescents. Insufflation by either technique will cause an increase in intrabdominal pressure (IAP). Studies during congenital abdominal wall defects closure such as gastroschisis and omphalocele has shown that the rise in IAP may cause decrease venous return, decrease renal perfusion, low splanchnic flow, and increased airway pressures. In addition, abdominal distension causes pulmonary function abnormalities such as decreased functional residual capacity, basilar alveolar collapse, and intrapulmonary shunting of deoxygenated blood. The cardiac afterload will increase, an effect that may be magnified by hypovolemia. 

Hypotension during the establishment of the pneumoperitoneum is a very feared complication. It could be the result of vascular injury, arrhythmia, insufflating too much carbon dioxide, impending heart failure, gas embolism or the development of a pneumothorax. We generally insufflate a three-kilogram baby with ten millimeters of mercury of intra-abdominal pressure and a 70-kilogram child with a maximum of fifteen mm of Hg. 

Increase awareness of the intrinsic effects carbon dioxide insufflation may cause in the child abdominal cavity is necessary. Carbon dioxide is absorbed by the diaphragmatic surfaces and cause hypercapnia, respiratory acidosis, and pooling of blood in vessels with decrease cardiac output. This effect is usually controlled by the anesthesiologist increasing minute ventilation by 10% to 20% to maintain normocapnia. Increase dead space or decrease functional residual capacity caused by the Tredelenberg position and administration of volatile anesthetic agents can increment this problem. High risk children where this effect can be potentiate further are those with pre-existent cardio-respiratory conditions causing increase dead space, decrease pulmonary compliance and increase pulmonary artery pressure and resistance. It is estimated that carbon dioxide accumulates primarily in blood and alveoli due to the decrease muscular components to buffer the excess absorbed gas present in children. After the procedure, the combination of residual carbon dioxide in the diaphragmatic surface and water forms carbonic acid that upon absorbtion by the lymphatics produces referred shoulder pain. There is always a small risk of ventricular dysrhythmia with insufflation of carbon dioxide in children.

Some contraindications for performing laparoscopy during the pediatric age are: history of severe cardio-pulmonary conditions, uncorrectable coagulopathy, prematurity, distended abdomen with air or ascites, and multiple abdominal scars from previous operative procedures. 

Laparoscopic Cholecystectomy

Laparoscopic Cholecystectomy (LC) has become the procedure of choice for the removal of the disease gallbladder of children. The benefit of this procedure is obvious: safe, effective, and well tolerated. It produces a short hospital stay, early return to activity and reduced hospital bills. Several technical differences between the pediatric and adult patient are: lower intrabdominal insufflation pressure, smaller trocar size and more lateral position of placement. Complications are related to the initial trocar entrance as vascular and bowel injury, and those related to the procedure itself, i.e., bile duct injury or leak. Three 5 mm ports and one 10-mm umbilical port are used. Pneumoperitoneum is obtained with Veress needle insufflation or using direct insertion of blunt trocar and cannula. Cholangiography before any dissection of the triangle of Calot using a Kumar clamp is advised by some workers to avoid iatrogenic common bile duct (CBD) injuries during dissection due to anomalous anatomy, and the best method to detect CBD stones. Treatment of CBD stones may consist of: 

1 -  endoscopic sphincterotomy followed by LC, 

2 -  open (conventional) or  laparoscopic choledochotomy, or 

3 -  transcystic choledochoscopy and stone extraction.

Children with hemolytic disorders, i.e., Sickle cell disease, have a high incidence of cholelithiasis and benefit from LC with a shorter length of postop stay and reduced morbidity. 

San Pablo Medical Center performed 4439 cholecystectomies from January 1990 to July 1995; 83 (1,8 %) of them in children. LC was found superior to the open conventional procedure reducing the operating time, length of stay, diet resumption, and use of pain medication. The child is more pleased with his cosmetic results and activities are more promptly established. We also found that CBD stones can be managed safely with simultaneous endoscopic papillotomy and costs of LC are further reduced employing re-usable equipment and selective cholangiographic indications. 

Laparoscopic Appendectomy

Semm, a gynecologist, is credited with inventing laparoscopic appendectomy in 1982. With the arrival of video-endoscopic procedures the role of laparoscopic appendectomy in the management of acute appendicitis in children has been studied and compared with the conventional open appendectomy. General advantages of laparoscopic appendectomy identified are: ease and rapid localization of the appendix, ability to explore and lavage the entire abdominal cavity, decrease incidence of wound infection, less cutaneous scarring, more pleasing cosmetically, and a rapid return of intestinal function and full activity. There is certainly some advantage in doing laparoscopic appendectomy in the obese child, teenage female with unclear etiology of symptoms, for athletes, children with chronic right lower quadrant abdominal pain, and cases requiring interval appendectomy. Disadvantages are: expensive instrumentation, time-consuming and tedious credentialing, and the major benefit is in the postop period. 

Analyzing the results of several series that compare laparoscopic vs. conventional appendectomy in the management of acute appendicitis we can conclude that laparoscopy produces no difference with open appendectomy in respect to operating room complications and postoperative morbidity, has a longer operating and anesthesia time, higher hospital costs, a shorter length of stay, less postop pain, less pain medication requirement, and shorter convalescence. One series warned that complicated cases of appendicitis done by laparoscopy could increase the postoperative infectious rate requiring readmission. Otherwise, they all favored laparoscopic appendectomy in the management of appendicitis. Still, unresolved issues in my mind are: Does laparoscopic appendectomy reduce postoperative adhesions? Is it necessary to remove a normal looking appendix during a negative diagnostic laparoscopy performed for acute abdominal pain? Will the increase intrabdominal pressure alter the diaphragmatic lymphatic translocation of bacteria favoring higher septic rates in complicated cases? Experimental evidence in animal models favors higher rates of systemic sepsis after sequential development of pneumoperitoneum. 

Laparoscopy for the Undescended Testis

The undescended testis identified in 0,28% of males can be palpable (80%) or non-palpable (20%). It is difficult to determine either location or absence of the non-palpable undescended testis by clinical examination. Imaging studies (Ultrasound, CT Scan, Magnetic resonance, gonadal venography) are not reliable in proving its absence. Diagnostic laparoscopy is reliable in finding the non-palpable undescended testis or proving its absence. Furthermore it can be combine to provide surgical management. After reviewing several series, with non-palpable undescended testes managed by laparoscopy the following three findings were identified:

1. The testis is present; in either an intra-abdominal (38%) or inguinal position (12%). Intrabdominal testes can be managed by first stage laparoscopic internal spermatic vessel clipping and cutting (Stephen-Fowler's), followed by second stage vas-based standard orchiopexy six to nine months later. Inguinal testes are managed by standard inguinal orchiopexy. 

2. The testis is absent (vanishing testicular syndrome) as proven by blind ending vas and testicular vessels (36%). These children are spare an exploration. If the vas and vessels exit the internal ring, inguinal exploration is indicated to remove any testicular remnant as histologic evidence, although I have found useful removing the testicular remnant by the laparoscopic approach. The presence of a patent processus vaginalis may suggest a distal viable testis. 

3. The testis is hypoplastic, atretic, or atrophic (26%), in which case is removed laparoscopically. 

Exact anatomical localization of the testis by laparoscopy simplifies accurate planning of operative repair; therefore, is an effective and safe adjunct in the management of the cryptorchid testis. 

Groin Laparoscopy

The issue of contralateral exploration in the pediatric inguinal hernia patient has been hotly debated. Proponents of routine contralateral exploration cite the high percentage of contralateral hernia a/o potential hernia found at exploration, the avoidance of the cost of another hospitalization, psychological trauma and anxiety to the child and parents over a second operation, and the added risk of anesthesia of a second procedure. Most pediatrics surgeons habitually explore the contralateral side. They disagree in opinions about exploration depending upon the primary site of inguinal hernia, age, sex and the use of herniography or some intra-operative technique to check the contralateral side. 

Recently the use of groin laparoscopy permits visualization of the contralateral side. The technique consists of opening the hernial sac, introducing a 5.5-mm reusable port, establishing a pneumoperitoneum, and viewing with an angle laparoscope the contralateral internal inguinal ring to decide the existence of a hernia, which is repaired if present. Requires no additional incision, avoids risk of vas deferens injury in boys, is rapid, safe and reliable for evaluating the opposite groin in the pediatric patient with unilateralinguinal hernia. Children less than two years of age have a higher yield of positive contralateral findings. 

Laparoscopic Splenectomy

Laparoscopic splenectomy is another safe and technically feasible video-endoscopic procedures in children. Indications are usually hematological disorders such as Idiopathic thrombocytopenic purpura, spherocytosis, and Hodgkin's staging. Technical considerations of the procedure are based on anatomical facts such as the variability in the splenic blood supply, the ligaments anchoring the organ and the size of the diseased spleen. Generally the avascular splenophrenic and colic ligaments are cauterized, the short gastric and hilar vessels are individually ligated with metallic clips or gastrointestinal staplers, and the spleen is placed in a plastic bag,  fracture or morzelized until it is removed through the navel. 

Comparing the laparoscopic procedure with the conventional splenectomy, the advantages are: improved exposure, decreased pain, improved pulmonary function, shortened hospitalization, more rapid return to normal activities and excellent cosmetic appearance. Disadvantages are longer operating time, higher costs and the need to open 5-20 % of cases due to technical uncontrolled hemorrhage, such as bleeding from the splenic artery. 

Laparoscopic Fundoplication

Fundoplication for the management of symptomatic gastroesophageal reflux (GER) is another procedure that has evolved recently taking advantage of minimally invasive technique. Indications for performing either the open or laparoscopic fundoplication is the same, namely: life threatening GER (asthma, cyanotic spells), chronic aspiration syndromes, chronic vomiting with failure to thrive, and reflux induced esophageal stricture. Studies comparing the open versus the laparoscopic technique in the pediatric age have found a reduced mean hospital and postoperative stay with laparoscopy. The lap procedure seems similar to the open regarding efficacy and complication rates. Costs are not excessive, they are even lower if we take into consideration the shorter length of stay. Lower rate of adhesions, pulmonary and wound complications are another benefit of the lap technique suggested. Percutaneous laparoscopic gastrostomy can be done concomitantly for those neurologically impeded children refer with feeding problems and GER. Whether to do a complete (Nissen) or partial (Toupee, Thal, or Boix-Ochoa) wrap relies on the experience of the surgeon with the open procedure. He should continue to do whatever procedure he used to perform using open surgery. Long-terms results of complications or recurrence of GER after laparoscopic fundoplication are still pending publication. 
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