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PEDIATRIC SURGERY
1. Physiology, Nutrition, Fluids and Electrolytes

Gestation
· Term = 37-42 weeks

· Nomenclature:

· Newborn

· Infant 0-24 mths

· Toddler 2-4 yrs

· Child 4-12 yrs

· Adolescent 13-18

· Normal term weight = 2500g

· Small for Gestational Age = <10 %ile for gestational age

· Note: this is different than prematurity

· Thresholds for survival

· 22 weeks

· 350 g birthweight

· Intrauterine Growth Retardation (IUGR) – the process that has caused a fetus to be SGA

· Maternal factors – eg smoking, EtOH, drugs, malnutrition, chronic disease

· Fetal factors – eg congenital, chromosomal, metabolic defects

· Placental factors – eg vascular anomalies, infarction, abruption

· Problems with Prematurity and IUGR

· Lack of thermal insulation

· Lack of energy reserves

· Increased loss of heat and water

· Normal growth rate = 2x bw at 4 months, 3x bw at 12 months

Nutrition

· Fetus relies on glucose from the placenta for energy

· This allows peptides to be shunted to the anabolic route for the massive growth rate of the 3rd trimester

· Suddenly at birth, this is cut off

· First 2 hours post birth use up the hepatic glycogen via glycogenolysis

· Next 12 hours use up the modest fat reserve that the baby has

· Carbohydrate input is essential right away

· At 24 hrs, plasma glucose usually tanks and rebounds with feeding

· Same thing occurs for preterm or SGA infants – but they have even less reserve and are biochemically immature as well – risk of significant hypoglycaemia is much higher

· Most of the energy reserves (hepatic glycogen and muscle protein mass) are built in the last 6 weeks of gestation

· Heat:  of interest – neonates have brown fat in which uncoupling protein 1 (UCP1) uncouples oxidative phosphorylation at 32 C and allows non-shivering thermogenesis

· Produces lots of heat but is very energy expensive!

Energy Requirements
· Total energy expenditure = energy for (activity + growth + processing substrates + thermoregulation)
TABLE 106.1 AGE-SPECIFIC BASIC ENERGY REQUIREMENTS
	Age (y)
	Energy requirement (kcal/kg/d)
	Protein (g/kg/day)

	0–1
	120–90
	2-3

	1–7
	90–75
	1.5-2

	7–12
	75–60
	1-1.5

	12–18
	60–30
	1-1.5

	>18
	30
	1-1.5

	Adult
	20-25
	1-1.5





· Use 100100:50:20 rule to calculate basic energy requirements for peds (kcal/kg/day)
· NB – kids and  especially infants NEED glucose in IV – they use much more glucose than adults (mainly because their brains are 10% of their body wt as opposed to 2% in adults)
· Hypoglycemia
· Significant stress on CNS
· Give 200 mg/kg D10W (2 cc/kg) bolus followed by 6 mg/kg/min infusion rate
· TPN
· Required for fasts >2 days!
· The only difference from adults is that protein doesn’t count in the calorie count because it is all used for building only
Fluids
· At term, infant is about 75% water and declines to 65% over the first year

· ECF is high at delivery and gradually moves to ICF with cellular growth

· Blood Volume
· 90 cc/kg in term infant
· 80 cc/kg in toddlers
· 75 cc/kg in school agers
· 65 cc/kg in adolescents and adults
· Hydrops Fetalis – generalized edema of the fetus due to stress (eg Rh incompatibility, arrhythmia, CHD)
· Urine output
· After delivery is initially low – 1 cc/kg/hr
· At 24-72 hrs it jumps to 10 cc/kg/hr to offload excess fluid from in utero
· Normal values are then:
· Preterm: 3-4 cc/kg/h

· Neonates and infants: 2 cc/kg/hr

· Toddlers and up: 1 cc/kg/hr

· Maintenance

· D10.1/4NS or D10.1/2NS + 10 mEq/L KCl

· Use 4:2:1 or 100:50:20 rule
· Replacement of Losses
· Basically, just use Ringer’s for everything except stomach losses
· Use ½ NS + 10 mEq KCl for stomach losses
TABLE 106.5 COMPOSITION OF BODY FLUIDS
	Source
	Na* (mEq/L)
	K* (mEq/L)
	CI-
	HCO-
	Protein (g/dL)
	Suggested replacement

	Gastric
	20–80
	5–20
	100–150
	—
	—
	0.45% NaCl + 10 mEq/L Cl

	Pancreatic
	120–140
	5–15
	40–80
	115
	—
	LR or 0.45% NaCl + 50 mEq/L NaHCO3

	Bile
	120–140
	5–15
	80–120
	100–115
	—
	LR or 0.45% NaCl + 50 mEq/L NaHCO3

	IIeostomy
	45–135
	3–15
	20–115
	30–50
	—
	LR or 0.45% NaCl + 25 mEq/L NaHCO3

	Diarrhea
	10–90
	10–80
	10–110
	30–50
	—
	LR or 0.45% NaCl + 25 mEq/L NaHCO3

	Pleural or peritoneal
	140
	5
	100
	25
	6–8
	LR 5% albumin or plasmanate


Vitals

TABLE 106.6 NORMAL RANGE OF VITAL SIGNS
	Age
	Heart rate (beats/min)
	Systolic blood pressure (mm Hg)
	Diastolic blood pressure (mm Hg)
	Respiratory rate (breaths/min)

	Premature infant

	1 kg
	120–140
	36–58
	18–38
	40

	3 kg
	120–140
	50–72
	26–46
	40

	
	Term Infant
	
	
	

	Term infant
	120
	65–80
	30–50
	40

	0–12 moa
	100–120
	105
	65
	40

	1–6 y
	100
	105–110
	70
	30

	6–12 y
	80
	110–125
	70–80
	20


· Note: HbF persists until 4 mths of age – with HbF, for a given O2sat less oxygen is offloaded in the periphery (due to HbF’s higher affinity), so a drop in SaO2 is much more significant in the 0-4 mth pt

· Cardiac function:

· Frank-Starling mechanism not as strong in neonates and gradually becomes stronger

· So they are RATE DEPENDANT for increasing CO

· The autonomic innervation to their hearts is parasympathetic primarily (so that the default setting is tachycardia)

· Because of this, any insult in kids can result in bradycardia!

GI and Hepatic Physiology
Small intestine 

· 200-300 cm at birth, 

· reaches full length in childhood (800-900 cm)

· Growth due to

· Endocrine factors

· Intraluminal contents – 

· distal small bowel is less muscular and has less absorptive capacity than proximal small bowel.

· If you interchange a piece of ileum with a piece of jejunum, the now proximal bit of ileum will hypertrophy and the now distal jejunum atrophies

· Ileum may represent “extra bowel” that can hypertrophy to take over for proximal bowel

· Energy for gut is from Glutamine
Short Gut Syndrome
· Problems:

1) Less surface area = less absorptive capacity

2) More CHO delivered to colon

· Osmotic diarrhea

· Secretory diarrhea due to bacterial overgrowth

3) More bile salts delivered to colon

· Used up by bacteria

· Bile salt pool depleted

· Decreased fat uptake and depletion of Vit B12 and Vit ADEK

Tolerable amount of bowel

· Neonates – 25 cm with competent ICV, 40 cm without

· Children and adults can tolerate 75% resection (ie need 1.5m of bowel)

Bilirubin
· Hepatocytes are immature even at term (worse in premature infant)

· Poor detoxification and synthetic capacity

· Eg - as above – glycogen storage is minimal

· Most affected is bilirubin metabolism

· Neonates have proportionately very high bilirubin production (red cell mass is proportionately greater, + turnover of HbF to adult Hgb

· Recall:

Heme Ring from dead RBC ( Liver, spleen ( opened up ( bilverdin +1Fe ( bilirubin ( released into blood and attaches to albumin ( taken up by hepatocytes ( conjugated to glucuronic acid (like iodine to thyroglobulin) ( released into bile ducts (a little bit leaks back into blood normally) ( intestine

· Bilirubin is a linear molecule but tightly folded due to H+ bonds and is very hydrophobic

· Conjugated bilirubin in colon can either:

1. get eaten by bacteria ( byproduct is urobilinogen which can’t be resorbed

2. deconjugated by bacteria and enterocytes ( unconjugated bilirubin which can be taken up into blood again

Unconjugated Hyperbilirubinemia

· Physiologic Jaundice

· unknown reason but probably due to decreased conjugation in the liver and increased deconjugation in the gut

· Comes on after 24 hrs, peaks at 3 days and is gone by 10 days

· Non-physiologic Jaundice

· Comes on in first day or lasts longer than 10 days
· Due to 
· inborn errors of metabolism
· breast milk jaundice
· haemolytic disease
· GI bleed
· Hepatitis
· sepsis
· Problem:  unconjugated bilirubin deposits in hydrophobic sites – especially the brain! ( Kernicterus
· Tx: 
· first stimulate GI motility (oral feeding, rectal stimulation)
· Phototherapy – unfolds bilirubin making it less hydrophobic and prevents deposition
Conjugated Hyperbilirubinemia
· ALWAYS pathological

· Etiologies:

· Biliary atresia (by convention this refers to extrahepatic atresia)

· Alagille’s syndrome (intrahepatic ductal hypoplasia)

· Byler’s syndrome (familial cholestasis – maybe failure of export of conjugated bilirubin out of hepatocytes)

· Nonsyndromic bile duct hypoplasia

· Over production of conjugated bilirubin – eg GI bleed, hemolysis

2. Head and Neck
a) Airway

· Infants are obligate NOSE breathers, so anything that blocks the nasal passages = bad

· Nasal obstruction can be resolved with an OP airway, proning to get tongue out of way

Epiglottitis

· Usually due to Heamophilus influenza b (now kids are vaccinated for it so strep shows up more)
· Dx:  kid is sitting up, stridorous, drooling, air hungry, agitated, usually has been ill or is currently febrile, tachy, ^WBC
· Don’t look at epiglottis – you will cause airway obstruction
· Get kid to OR stat, get prepared for trach and let anaesthesia do fiberoptic intubation
· Tx: Endotracheal intubation and 3rd generation cephalosporin
b) Branchial Cleft Abnormalities
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Taken from Greenfield 3rd ed.

Cleft 1 – runs along the edge of the mandible from neck to ear, also makes Eustachian tube

Cleft 2 – runs along anterior border of SCM up to pharynx

Cleft 3 – makes inferior parathyroids and thymus

Cleft 4 – makes the superior parathyroids and C-cells of thyroid

· Remnants of the clefts can be sinuses, cysts, fistulas or cartiladgenous rests

· Sinuses and fistulas usually show up right after birth.  They often have skin tags

· Cysts usually take a while to fill up and expand with secretion.

· Excise all due to risk of infection

First Cleft
· Remnants show up near angle of mandible (post aspect of submandibular triangle)

· Sinuses track up toward the Eustachian tube (as in picture)

· Usually there’s a history of recurrent abscess getting lanced up there

· Tract is intimately associated with parotid and CN VII
· Goes just deep to facial nerve up to the Eustachian tube

· Drape so you can see the eye and corner of the mouth to check the nerve

Second Cleft
· Remnants show up on anterior border of lower third of SCM 

· Sinuses track up between the Internal and External carotids to the tonsillar fossa

· Tract:

· From SCM through platysma and cervical fascia, then along carotid

· It turns medial at carotid bifurcation and goes in between the carotids

· Behind the digastric and stylohyoid

· In front of hypoglossal n.

· Ends at tonsillar fossa

· Sometimes a second, higher incision is required to get at the top of the tract (“stepladder” incision)

Third and Fourth Clefts
· Internal opening for sinuses and fistulae is in the piriform sinus

· Third cleft sinuses present as masses on the left low neck

· Require barium swallow &/or CT scan to delineate/diagnose

· Approach is just like a thyroidectomy

· May require endoscopy to find internal opening

· Do a collar incision

· Identify the recurrent and superior laryngeal nerves and parathyroids

· Reflect ispilateral thyroid node medially

· Dissect out tract

· Be VERY careful when you get to pharynx as the superior laryngeal n. is usually right next to the tract.

· May have to do a lobectomy

· Only leave a drain in if you encounter an infection.

Preauricular Cysts

· These are from the first branchial arch
· Only excise symptomatic ones

· Excise right down to temporalis fascia

Cleft remnant take home message

· Excise all cysts, sinuses and fistulas due to risk of infection

· Only excise cartiledge rests for cosmesis

· If it is infected at the time – antibiotics + I&D of abscesses

· Excision during infection carries an increased risk of recurrence and of injury to facial nerve, hypoglossal nerve, carotids, parotid

· Follow right along the tract to avoid other things

c) Thyroglossal Duct remnants
· From Foramen cecum of tongue (at back) down through tongue, through middle of hyoid (where most remnants sit) and down to retrosternum

· Midline, smooth, nontender mass that moves with protrusion of the tongue and with swallowing

· Ddx:

· Inclusion cysts (dermoids and epidermoids)

· Thymic and bronchogenic cysts

· Lymph nodes

· Infection is frequent due to communication with the mouth

· Only has a sinus if it has been infected and drained

· Can contain ectopic thyroid tissue 

· dysgenic thyroid tissue with a high risk of malignancy

· Can be a child’s only thyroid tissue

· If path comes back as thyroid tissue then check the kid’s TSH to make sure you haven’t removed all the tissue he has

· Tx:
· Excise all unless it is infected
· If infected then antibiotics, I&D
· Supine with roll between shoulders
· Transverse incision over masss
· Dissect down to the cyst and free it up
· Dissect cephalad along the tract
· Remove the central portion of the hyoid in continuity with the tract
· Then take a 1cm core encompassing the tract out of the tongue
· When you get to the foramen cecum, excise the tract and suture ligate the hole.
· Leave a drain in cases with recent or ongoing infections.

d) Lymphadenopathy
· Very common in kids – most are viral

· Ddx:

· Infectious
· Reactive Node

· Acute suppurative lymphadenitis

· Mycobacterium avium-intracellulare-scrofulaceum (MAIS)
· Actinomyces

· Tuberculosis

· Cat scratch disease – Bartonella henselae – self limitted

· Neoplastic
· Hodgkin’s lymphoma
· Non Hodgkin’s lymphoma
· Excisional biopsy for:
· Hard nodes with no infection
· Nodes persisting 8 weeks after infection
· Nodes >2cm
· Rapidly growing, rock hard or fixed nodes
· Symptoms suggestive of malignancy
Acute Suppurative Lymphadenitis
· Happens to children 3 mths to 6 years

· Pharyngitis or URTI preceeding

· Node is enlarged with surrounding cellulitis and systemic signs of infection

· Strep and Staph

· Tx:

· Antibiotics – note the staph is almost always pen resistant

· Drain fluctuant nodes: Large bore needle or I&D left open with packing

Granulomatous Lymphadenitis

· Mycobacterium avium-intracellulare-scrofulaceum (MAIS)

· TB is uncommon

· Cat scratch disease usually affects the axilla

· Classic story is longstanding (months) neck mass with no associated infectious symptoms

· Looks, feels and sounds a lot like lymphoma, but there are no other symptoms/signs of malignancy

· If you leave these long enough, they suppurate through the skin and then have a chronic draining sinus

· Another classic part of the story is that someone biopsied it and it’s been draining for months – otherwise the kid is fine.

· Problems:

· Not much really - this is a benign disease

· Chronic Drainage

· Treatment:

· Try medical first 

· Clarithromycin

· Then anti-tuberculous meds (most people elect surgery before these though due to the S/E)

· Surgical excision

· Can recur especially if some tissue left in

· Also, can be much larger than you expect

· Can involve lower branches of CN VII, marginal mandibular nerve so risk of injury is not insignificant.

e) Vascular Malformations (heme and lymph)
Hemangioma

· Bluish, spongy mass anywhere on body
· Presentation: 
· Mass somewhere on the body
· Airway obstruction in a 2 month old
· Usually show up a couple of months after birth
· Can occur anywhere on the body – subepithelial, in the oropharynx, in the parotid
· Biggest problem are the oropharyngeal ones
· Can obstruct the airway
· Treatment
· Intralesional steroid injections or systemic steroids
· Most involute by the time the patient is 5, so if not likely to be a problem then don’t treat.
Lymphangioma and Cystic Hygroma
· Lymph nodes and channels start as pockets in the mesenchyme of 6 week old fetuses
· The ones in the neck coalesce and drain into the IJ – the thoracic duct then attaches to that pouch
· Lymphangiomas are disorganized pockets that don’t drain anywhere
· Present as soft, cystic, multiloculated masses anywhere on body
· Most common site is the neck (anywhere)
· Usually apparent by age 2
· Ones that are primarily one big cyst are called cystic hygromas
· can get infected or can hemorrhage (causes rapid growth and pain)
· Dx: Hx, physical and U/S
· Tx:
· No rush – these are benign unless they are compressing something
· Options = Surgical excision, injection of OK-432, needle drainage for acute decompression (not a treatment though)
· Determine size and extent with CT
· Sometimes a staged excision is required due to the size or location of the thing.
3) Chest

A) Chest wall deformity

Pectus Excavatum
· More common in males, familial risk

· Associated with Mitral Valve Prolapse, Marfanoid habitus

· Repair with Nuss procedure (Lorenz bar across chest) or osteotomy and primary repair

· Repair in adolescence (cartiledge is more pliable and no significant problems in younger patients)

· Repair may result in improvement in MVP

Pectus Carinatum

· Repaired for cosmesis

· Osteotomy and primary repair.

* there are a few others – Poland syndrome (unilateral congenital absence of pec major, minor, serratus, axillary hair), sternal clefts, Jeune asphyxiating thoracic dysplasia, slipping rib syndrome, flaring of costal margin, costochondral tumors)

 - see Greenfield for descriptions

B) Lung problems

1) Cystic Lesions

1. Pulmonary sequestration (aberrant blood supply)

2. Congenital cystic adenomatoid malformation (CCAM) (hamartomatous lung parenchyma)

3. Bronchogenic cyst (isolated epithelial cyst)

4. Congenital Lobar Overinflation (probably due to obstruction of a bronchus in utero)

· Associated with congenital diaphragmatic hernias and heart defects

Pulmonary Sequestration
· An abnormal segment of lung with no bronchial connection and it’s own blood supply from the Aorta
· Can be 

1. intralobar

· within a lobe of the lung and invested in visceral pleura 

2. extralobar (ie sitting outside the lung)

· either just sitting in the pleural space or in the abdomen

· lung tissue with no pleura

· The problems with these things are:

1. recurrent pneumonias in intralobar sequestrations

2. potential for malignancy

3. differentiating them from other tumors

· When removing them – vascularity is the problem

· Intralobar sequestrations get blood from Aorta and drain either into pulmonary veins or into IVC

· Extralobar sequestrations get blood from Aorta and drain into IVC

Congenital Cystic Adenomatoid Malformations (CCAM)
· Bronchial structures hypertrophy but no alveoli develop

· Apart from missing alveoli, they are like normal lung with normal vascular supply

· Become cystic as bronchi in them make secretions

· Problems with them

· Respiratory distress in neonate as they impinge on surrounding structures

· Recurrent pneumonia

· Differentiation from other tumors

· Remove all of them – either when symptomatic or electively

· Lobectomy, or if multiple lobes involved do wedge resections

Bronchogenic Cysts
· Epithelial cells that have broken off of pulmonary tree in development (like inclusion cysts under skin)

· Unlike CCAM, they don’t have any lung parenchyma

· Occur right next to trachea

· Problems with these:

· Bleeding into them

· Infection of cyst

· Compression of mediastinal structures

· So take them out electively with VATS

Congenital Lobar Overinflation

· Used to be called lobar emphysema (but now we know there’s no architectural problem, just overinflated lung

· Something compresses a lobar bronchus and causes air trapping in the neonate (eg cyst, tumor, congenital heart disease or just plain absence of cartiledge in that bronchus)

· Most of the time you never find the underlying problem

· These are found on prenatal U/S

· Problems with this:

· Overinflation of the lung is like a tension pneumothorax (a tension pulmothorax)

· Especially if you start positive pressure ventilation

· Resect the affected lobe in symptomatic patients – otherwise leave it alone

· 50% will resolve on their own

2) Tumors

· Can be metastatic or primary (benign or malignant)

Metastatic Tumors

· More common than primary lesions

· Osteogenic Sarcoma

· Soft tissue sarcomas

· Wilm’s tumor

· Resection with chemo is beneficial in sarcomas once the primary has been removed

· Not so useful for Wilm’s tumor

Primary Tumors
· Most are malignant

· Present with hemoptysis, air trapping, reactive airways disease, recurrent infections

Carcinoid (malignant)

· This is the most common malignant tumor in kids and the most common type of bronchial adenoma (other types include mucoepidermoid, adenoca)
· Resection with clear margin and radiation
Bronchogenic Carcinoma (malignant)
· Highly lethal

· Usually adenoca (unlike adults who usually have SCC)

· Can arise in cystic lung lesions

Inflammatory pseudotumor
· Have had a bunch of names over the years (granulomas, fibromas……)

· Locally aggressive, but no metastatic potential

· Resect all of them

Hamartomas
· Benign but need to be resected because they compress surrounding structures

3) Foreign Bodies
· Mostly kids under 4

· Peanuts are the most common

· Get inspiratory and expiratory views of the chest if you’re unsure but you can go straight to bronchoscopy if the history is good. 
4) Pneumothorax

· Spontaneous ones occur in tall, thin males

· Symptomatic ones need chest tube

· If recurrent (I don’t know the magic number here though), pleuradhesis is performed

· If due to apical blebs, an apical lung resection can be done.

5) Chylothorax
· Occurs spontaneously, traumatically (coughing or during delivery) or as iatrogenic injury in surgery

· Big pleural effusion on affected side

· If hole in thoracic duct is low then effusion on right, if it is superior then effusion is on left

· Pleurocentesis gives milky fluid (chyle)

· Drain them and give TPN to reduce the flow and they should heal

· The ones that don’t get ligation of the thoracic duct via VATS or Rt thoracotomy.
C) Mediastinal Problems

1) Cysts
· these are common in kids and should be resected due to risk of bleeding, infection and compression of adjacent structures (just like bronchogenic cysts)

· can come from thymus, gut tract, pericardium, lymphatics (cystic hygromas)

· basically any epithelial lining.

· Note: there enterogenic cysts can contain gastric mucosa and can thus get ulcers so you definitely want to take them out

2) Tumors

Neurogenic tumors

· Can be benign or malignant

· Usually arise from the sympathetic chain (posterior mediastinum)

· Can be huge

· Resect because

1. they can be malignant

2. they compress things like airways (bad).

Neurofibromas

· can be benign or malignant

· can be single or multiple (neurofibromatosis)

· arise from nerves in posterior mediastinum

· resect for compression and malignant potential

Lymphoma

· just know it in the differential

· resection wouldn’t do any good unless it is for compression

Teratomas

· occur in anterior mediastinum

· can contain all germ layers

· Most common one is a dermoid (derived from skin progenitors)

· Resect all of them due to compression and malignant potential

D) Tracheo-esophageal problems

· Spectrum of esophageal atresia to TE fistula to normal anatomy

· 1/3000 births

· Classification:
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Type A
Type B

Type C

Type D
Type E (H-type)

· From Sabiston 17th edition

· NB – type C is by far most common

· Presentation:

· Inability to pass NG – coils up in throat

· Intolerance of feeds (this may take a day or two to show up!)

· Aspiration

· Excess secretions

· Lack of gas in bowel (types A and B)

Most important part of TE fistula (for exam purposes at least)

· They are associated with other abnormalities 50% of the time!

· Remember VACTERL abnormalities

V – vertebral 
A – anorectal 
C – cardiac 
T – tracheal 
E – esophageal
R – renal 
L – limb 
· Do a thorough physical exam on these kids

Treatment of TE fistula

· Emergent treatment:

· Push ET tube past TE fistula

· Note – bagging will inflate stomach, but decompressing the stomach may just allow more air into there so you’re better to just let it inflate and then fill the lungs.

· You can endoscopically place a Fogarty balloon across the fistula to occlude it

· You may have to do an emergent thoracotomy to tie off the fistula

· Drain the pouch with a  sump catheter

· Surgical treatment

· PRE-OP – check for cardiac/vascular abnormalities with an echo, give antibiotics and let the ductus arteriosus close.

· Try to do one stage procedure (ie no gastrostomy) but some kids are too sick

· So just give these ones a gastrostomy, do TPN, antibiotics and bring them back later.

· Sometimes the gap between distal and proximal esophagus is too long, you then have two options

· You then can either put traction sutures in and tighten them every day for a couple of weeks until the ends can meet
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- traction sutures (from Greenfield 4th edition)

· Create a proximal esophagocutaneous fistula (spit fistula) and a gastrostomy and then bring the kid back later for a colonic interposition graft.

· Tie the distal end to the prevertebral fascia, make a spit fistula and return in 3 months – the ends should meet.

· For H-type fistulae – the repair is via  a neck incision

· Preop, endoscopically place a stent through the fistula so you can find it intraop (they can be very small and just look like a fibrous band – then post op they get mediastinitis – nice move.

· Procedure

· Right Posterolateral thoracotomy

· Do the whole thing extrapleurally at 4th intercostal space

· Try not to cut the serratus or latissimus

· Tie off and cut fistula

· Mobilize distal and proximal esophagus (may require myotomy, spatulization)

· End to end single layer anastomosis

· Leave a retropleural drain in

· Outcomes

· Survival 90%- most have a pretty normal life.

· Anastomotic leak in 10%

· Give antibiotics, NPO, leave drain in

· Keep doing all that until a contrast study shows no leak

· Stricture at anastomosis site in 40%

· Respond to dilatation

· A few may need resection of the involved part

· GERD

· They all get it

· Most of them are controlled with thick feeds, frequent burping and upright positioning

· Some need fundos

· Esophageal dysmotility

· They all get it to varying degrees

· Tracheomalacia

· Goes along with the TE fistula

· When kid gets agitated, floppy trachea coapts and they obstruct

· When kid passes out, breathing slows and the spell ends, but this is not a good way of treating it

· Intubate them and then they may need a surgical correction

· Eg – tracheal suspension

Other TE problems

· Laryngotracheoesophageal cleft (LTEC)

· The absolute bad end of the TE fistula spectrum – the esophagus and trachea don’t sperate (like a very long fistula)

· Esophageal Stenosis

· Most are due to peptic regurg but some are actually congenital

· Treat with dilatation

· Esophageal duplications (ie enterogenic cysts in posterior mediastinum as described above)

· Vascular rings

· Mostly due to double aortic arch causing compression of trachea and esophagus

· We don’t touch them unless there is a problem

· Tracheal stenosis

· May need dilatation, grafts or tracheoplasty

E) Diaphragmatic Problems

1. Congenital Diaphragmatic Hernia

· 1/3000 births

· Types:

· Morgagni and Bochdalek

· Bochdalek most common

· Morgagni hernias are usually found incidentally later on (they are usually small)
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· Embryology basics

· Pleuroperitoneal folds grow in from either side of the posterolateral trunk

· The septum transversum comes from the floor of the pericardium and makes the central tendinous area of the diaphragm

· CDH occurs along the line where the pleuroperitoneal folds are supposed to attach to the central tendon

· The diaphragm has lumbar and intercostally derived muscle groups and CDH occurs at their intersections (called the lumbocostal trigone)

· Most are LEFT sided

· Problems with CDH:

· Pulmonary hypoplasia on the affected side

· Decreased pulmonary vasculature in both lungs (who knows why)

· PULMONARY HYPERTENSION

· Hypertrophy of the media of the arterioles

· PULMONARY HYPERTENSION

· Because of the above, they get R-L shunting of blood ( arterial hypoxia

· Presentation:
· Often seen on prenatal U/S with associated hydrops fetalis
· At birth, with hypoxia, obstructive shock
· Emergent Treatment:
· Intubate and avoid inflating GI tract since it is in the chest and will compress lungs
· Inhaled NO
· HFOV
· ECMO
· Surgical Treatment:
· Not emergent – get the kid stabilized first because the hole in the diaphragm is not the problem, the pulmonary hypoplasia and pulmonary hypertension are the problems.  Surgery won’t fix that.
· Subcostal or transthoracic approach
· Excise hernia sac (if it exists)
· Close primarily or with prosthetic graft
· May not be able to close abdomen due to new contents
· Close skin and come back in a few months.
2. Eventration of the Diaphragm

· ie – invasion by a floppy diaphragm into the chest

· can be congenital or due to acquired neuropathy (trauma, neurodegenerative disorders)

· paradoxical diaphragmatic movement

· Treat kids with pulmonary symptoms or signs

· Treatment – surgical “tightening” of the diaphragm with accessory muscle breathing

· Diaphragm is plicated and tightened

4) Abdomen

A) Abdominal wall problems
i) Gastroschisis

· Herniation of abdominal contents through a hole in the abdominal wall to the RIGHT of the umbilicus

· Mechanism: rupture of the umbilical hernia that we all have as the bowel is rotating and fixing back into the abdomen

· Remember: this is a rupture and not a developmental error

· No associated abnormalities apart from malrotation

· Bowel gets very inflamed from being exposed to amniotic fluid

· Problems:

· Of course, the bowel is outside the body and not covered (bad)

· The tight hole in the abdominal wall can strangulate the bowel

· The abdomen may be tight once you put the bowel back in it.

ii) Omphalocoele

· Note: coele = cavity

· This is persistence of the normal umbilical hernia we all have as the bowel is rotating and fixing back into the abdomen

· This is a developmental abnormality

· So these kids have lots of associated abnormalities

· 30% have are trisomic!

· Omphalocoeles can also occur in the epigastrium or hypogastrum with ectopic insertion of the cord

· Pentalogy of Cantrell

1) Sternal cleft

2) Absence of septum transversum of diaphragm

3) Pericardial defect

4) Cardiac defect

5) Epigastric omphalocoele 

· Think of it as pentalogy of “centralle”

[image: image9.png]


Penatalogy of Cantrell

	TABLE 110.1 DIAGNOSIS: COMPARISON OF GASTROSCHISIS AND OMPHALOCELE

	Characteristic

Gastroschisis

Omphalocele

Defect size (diameter)

2–3 cm

2–15 cm

Sac

Never

Always, may be ruptured

Gestational age

Prematurity

Term common 

Umbilical cord

Left of defect

Attached to sac

Herniated viscera

Small bowel, stomach, colon

Small bowel. stomach, colon, liver

Malrotation

Yes

Yes

Bowel character

Inflammatory, edematous

Normal

Enteral nutrition

Delayed

Normal

Associated anomalies

Uncommon (10% atresia)

Common (50%)




Treatment of Abdominal Wall Defects:

· ABC’s after birth

· Cover herniated bowel with either wet towels or plastic bowel bag

· Look for other abnormalities (especially kids with omphalocoeles!)

· CXR, echo, renal U/S

· Go to OR electively

· Try to replace abdominal contents

· If the abdomen is too tight, then use a silastic cover that can be tightened down each day to push the bowel back in

· You can leave omphalocoeles for weeks before fixing them – just keep putting antibiotic ointment onto the sac and keep it moist

Recovery and Outcome

· Most have uneventful recovery and outcome (especially omphalocoeles)

· Gastroschisis puts a lot of stress on the bowel

· Prolonged ileus

· Permanent dysmotility in some

iii) Umbilical Hernia

· Basically an omphalocoele with skin over it.

· Normal in kids and only very rarely get incarcerated

· Close within 2-3 years of birth

· Don’t repair within the first 2 years unless it is symptomatic

iv) Inguinal Hernia

· Processus vaginalis is patent in 80% of newborns and rate drops to 20% over the next couple of years.

· Most close over the first 2 years of life (but fix all anyway – see below)

· Inguinal hernia types are the same as adults but indirect is way overrepresented in kids:

· Indirect (congenital) – 99%

· Direct – 0.5%

· Femoral – 0.5%

· Most commonly Rt sided (late decent of rt testicle)

· Males 6:1

· Problems with these:

· Risk of incarceration is high in kids

· Luckily the likelihood of strangulation is low

· So fix all of these surgically (most are done in pts <6 mths old)

· Treatment:

· Incarcerated:

· Raise legs, quiet, dark room and you can try manual reduction

· Just go to OR if you can’t reduce it

· If you do reduce it, but it was difficult, keep the kid overnight to watch for signs of ischemic bowel.

· Elective

· The only reason to delay surgery is unsuitability for anaesthetic due to other illness

· In females, open the sac to make sure there is no ovary or Fallopian tube in it before ligating it

· Explore contralateral groin in:

· Males <2

· Females <4

· Dr Evans “only indications to open are…”

· Premies

· Hydrocoele on the other side

· Females 

· Complications = injury to cord, displacement of testicle and infection – all are very rare

B) Bowel Problems

Gut Development
· Foregut

· Pharynx to Ligament of Treitz

· Develops from gut tube above the septum transversum

· Midgut

· Some books say it starts at the ligament of Treitz to the first 1/3 of transverse colon

· However, it actually starts at the midpoint of the second part of the duodenum

· This is where the SMA circulation anastomoses with the celiac circulation

· This is right where the septum transversum crosses

· This is also where the ampulla of Vater sits

· This is also why duodenal atresia occurs midway down the 2nd part of the duodenum!!!!

· Develops from gut tube below the septum transversum

· Undergoes the following

1. Elongation

2. Herniation out of the coelomic cavity

3. Return to the abdomen along with counter clockwise rotation

4. Fixation of the mesentery to the back wall of the abdomen

· Hindgut

· Develops in the primitive tail

· Duodenum

· Comes from caudal end of foregut and proximal end of midgut

· Note two buds off duodenum

· One forms the body and tail of pancreas

· Other forms the liver, gallbladder, bile ducts and uncinate process of the pancreas

· Note that the ventral bud actually travels 180 degrees around the back of the duodenum to lie next to the dorsal bud.

· This puts the CBD posterior to the 1st and 2nd parts of the duodenum!!
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i) Neonatal bowel obstruction

· Any neonate with bilious emesis has a bowel obstruction!

· History and exam should tell you what the cause of the obstruction is

· BE AWARE of the kid who eats and passes meconium and then has bilious vomiting – this kid has a malrotation
· OR immediately +/- upper GI series

· Look for hernias, abdominal masses, presence or absence of abdominal distention

· W/U

· start with plain AXR

· then contrast enema or swallow

ii) Intestinal Atresia (especially jejunoileal)
· Can occur anywhere along the intestine – most common spot is distal ileum

· Guess what – it’s again about 1/3000

· Three morphologies (depends on severity of the initial insult)

· Type 1 – an intraluminal web or band (the serosal and muscular layers are normal

· Type 2 – an elongated version of type 1 where the affected segment is just a fibrous cord

· Type 3a – mesentery and intestine are discontinuous but the arcades cross the defect

· Type 3b – mesentery, intestine and vasculature are all discontinuous

· This one makes the apple-peel deformity because the tail of bowel spirals around the vascular tail supplying it

· Type 4 – multiple sites of atresia
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Type 1 – web or diaphragm across lumen

Type 2 – fibrous cord

Type 3a – note proximal, dilated ending

Type 3b – note pig’s tail around solitary blood supply and dilated blind ending

Type 4 – multiple atretic segments 

* from Greenfield 4th edition

· 90% of the time it is complete atresia

· It’s a vascular accident and not a developmental error so no associated abnormalities

· Presentation:

· Usually have polyhydramnios in utero
· Bilious vomiting, abdominal distention and failure to pass meconium

· Workup:
· Hx, P/E

· Abdominal plain film – site of obstruction determines the findings
· Contrast enema – failure to fill proximal segment is pathognomonic
· Treatment:

· Not an emergency
· Unlike volvulus, there is no physiologic disturbance acutely
· Get the kid ready for the OR
· NG to decompress proximal bowel
· Goal is to resect the affected segment and leave as much bowel as possible
· *ALWAYS CHECK FOR A SECOND ATRETIC SEGMENT BEFORE DOING THE ANASTOMOSIS*
· Always try to keep the IC valve
· Infants can tolerate having 20 cm of small bowel if ICV is competent but only 40 cm if it is not.
· Outcome

· >90% survival
· get prolonged ileus (weeks) and sometimes permanent dysmotility
· some get short gut, requiring long term TPN- hepatitis, sepsis
iii) Other Subgroups of Intestinal Atresia

a) Esophageal Atresia

· Ie Type A TE fistula (no fistula and atretic esophagus)
· Fits in with VACTERL so look for other anomalies
· Treatment

· Rt posterior thoracotomy in 4th ICS
· Divide Azygous v.
· Dissect out the proximal esophagus
· DO NOT skeletonize the distal esophagus

· Two layer anastomosis has higher stricture rate, but single layer has higher leak rate.

· Lees = single layer Gambee
· Distal esophagus gets blood segmentally from the intercostals so dissecting it out will kill blood supply

· Proximal esophagus gets blood from thyrocervical trunk, so you can dissect it out, just don’t cut any of the big feeders

b) Duodenal Atresia

· Duodenum is derived from a solid cord between stomach and jejunum
· Failure to vacuolize = DA
· Spectrum from web/diaphragm across lumen to complete absence exists (as with other intestinal atresias)
· Other cause of obstruction at duodenum = annular pancreas
· Associations
· Downe’s
· Intestinal Malrotation
· Annular Pancreas
· Biliary atresia
· VACTERL (as with other atresias of course)
· Presentation
· Bilious emesis in newborn (most are distal to ampulla of Vater)
· Can present later in life with lower grade atresias (ie webs)
· Double Bubble sign on AXR (see in sabiston)
· gas in stomach and gas in proximal duodenum
· If there is air distal to the double bubble then get an immediate UGI contrast study because that means midgut volvulus!!
· Treatment

· Duodenoduodenostomy 

· Either Side to Side or Proximal Transverse to Distal Longitudinal anastomosis

· If there is just a web, it can be removed via a longitudinal duodenostomy, (think Heineke-Miculicz) 

· NOTE: the proximal ends of webs and diaphragms connect to the walls at the ampulla of Vater so make sure not to hurt that thing!

· The webs and diaphragms are usually like sleeves attached to the walls at the ampulla of Vater and the tip hanging downstream 

· Outcomes

· Again greater than 90% survival
· Mortality is due to associated anomalies
· Expect very slow return of gastric emptying (may wind up being chronic so long term followup is required)
c) Annular Pancreas

· Causes atresia of the encircled portion of duodenum
· Glandular tissue surrounding duodenum
· Always causes duodenal obstruction
· Presentation – same as for DA and for midgut volvulus
· Treatment
· Duodenoduodenostomy
· The problem is an atretic segment of duodenum within the annular pancreas, not the pancreas itself
· So – DON’T fuck with the pancreas
· Dividing the pancreas won’t fix the problem and it will invariably leak and cause all hell!
iv)
Anorectal Malformation

· Frequency – guess what – 1/3000
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· The cloaca and closing plate are visible at 5 weeks gestation
· The tailgut, allantois and hindgut are all attached there (remember there is no communication with the mouth until the duodenum has vacuolized)
· The urorectal septum is mesoderm that is supposed to descend and connect with the closing plate to divide the cloaca
· The urogenital sinus opens first, then the anus is supposed to open
· The taint thus develops from mesoderm
· The allantois is supposed to close
· The levator muscles (the striated, external component of the anal sphincter) are  supposed to be pierced by the rectum so they make a funnel around it.
· In imperforate anus, the muscles are not pierced by the rectum so there is a big mass of muscle between the anus and the rectum.
· So – the problems are 
1. A rectum that is two short
2. Only a bit of muscle (the most cephalad part of the levators) that actually encircles the rectum
· For this reason, the higher the defect (the further the distance between the anus and rectum) the lower the chance of continence later on.
· Anorectal malformations can have either or both of 
· Imperforate anus (an atresia)
· A fistula
Classification

· The classification scheme of anorectal malformations is based on these two problems:

1. “Height” of the defect

2. Presence of a fistula

· In “low” malformations, the rectum extends below the pubococcygeal line

· There is a classification scheme in Greenfield and Sabiston but the point is height, presence of a fistula and where does the fistula go

· There is almost always a fistula

· So if the defect is high then they have a recto urethral or rectovaginal  fistula

· If it is low, they have an anoperineal fistula

Associations
· Think VACTERL!!! (Vertebral, Anorectal, Cardiac, TE, Renal, Limb)

· Vertebral ones are usually sacral and can affect the autonomic output of the sacral plexus (incontinence, neurogenic bladder)

· Also, often cause tethered cords  so do an MRI of the spine!         

Presentation

· High defects present with bowel obstructions early on

· Low defects present with either bowel obstruction or difficulty passing stool down the road (those with big fistulas present this way)

Diagnosis

· First goal is to determine height of defect because this decides the treatment

· Should be able to determine height just based on physical exam

· Low = normal buttocks and just a membrane covered anus

· High= abnormal buttocks and lack of anal wink

· Next is to delineate the fistula

· Third goal is to find the associated abnormalities

· So look at the VATER organs

· Both steps can be accomplished using a combination of Invertogram (an axr with the baby upside down so the rectum is filled with air, MRI, U/S or CT

· Basically use whatever you need (including voiding cystourethrograms, cystoscopy to delineate fistula

Treatment

· Low

· Usually don’t require a diverting ostomy

· Stenoses can just be dilated

· More complex repairs for low ones with fistulas because you have to fix the fistula and create the neoanus away from the organ to which the fistula went.

· High

· First move is colostomy (double barrelled, loop or two completely separate ones to avoid any stool getting to the fistula)

· Next is to do a contrast study down the distal limb to find the fistula

· Most common procedure is posterior sagittal anorectoplasty

· This is just simply a posterior sagittal incision to find the levators and to find the rectal pouch which has to be placed back within the external sphincter

· Also, any fistula is ligated

Outcomes

· 20% mortality due to other problems

· Mortality is due to other problems (ie VACTERL problems)

· Complications of repair

· Infection

· Leak

· Stenosis – tx = dilatation

· High lesions never get normal bowel function

· Unpredictable outcomes from complete incontinence to at least socially acceptable continence are possible

· Some need permanent colostomy

v)
Necrotizing Enterocolitis
· Most common surgical emergency in neonates

· Frequency is 3/1000 low birthweight infants

· Due to an ischemic insult in a susceptible child

· Mucosal ischemia that MAY progress to transmural necrosis (this is the reason that nonoperative management is the starting point)

Presentation

· Occurs in newborns (usually premature) that have some perinatal insult that leads to intestinal mucosal ischemia

· Common insults – perinatal hypoxia, congenital heart defects

· The idea is that infants have an exaggerated intestinal vasoconstriction in response to ischemia that actually causes the necrosis

· SSx:

· Feeding intolerance

· Bilious emesis

· Blood in stool

· Pneumatosis intestinalis, ileus

· Free air, portal air

· SIRS, Sepsis

· The diagnosis  in less severe cases is a little subjective because radiographic findings are not always present

Workup

· AXR

· Clinical assessment and judgement make the diagnosis

Classification

· Mild/probable – feeding intolerance, temperature lability, dehydration, emesis, guiac positive stool, ileus

· Definite – pneumatosis intestinalis, portal veinous air, necrotic bowel intraop (if OR req’d)

· Advanced – Free air, septic shock, subcut air

Treatment

· NONOPERATIVE

· Almost all are treated this way

· Abx – Amp, Gent, Flagyl

· Bowel rest

· NG/OG tube decompression

· Serial AXR q8h to watch for perf/worsening

· Avoid hypoxemia

· Close PDA surgically if necessary

· Operative

· Indications: 

· evidence of perforation

· lack of improvement in first 36 hours of medical tx

· portal air

· You are just removing the sick bits

· Resection of affected bowel does NOT prevent progression of disease (it just gets rid of the current problem)

· Goals

· Resection of lengths with transmural necrosis

· Preservation of as much length as possible (many of the tenuous looking bits will heal, so consider leaving them  in and doing a second look laparotomy in 36 hrs)

· Preservation of ICV

· May require multiple stomas (tube enterostomy and or real stomas with mucous fistula for distal end)

Outcomes

· Perioperative complication rates are high due to the overall sickness of the patient (ie whatever caused the prematurity and NEC in the first place)

· Intestinal Strictures – common even after medical management

· Require resection and reanastomosis

· Most of these kids go on to normal lives (75%)

· Major problem is short gut in those who required large resections

vi) Meconium Ileus
· Inspissated stool in newborns with CF gets stuck in the terminal ileum
· The problem is actually the lack of pancreatic secretion due to inspissated mucus in the pancreas – the meconium thus gets very thick and stuck at ICV

· Problem:

· Proximal bowel gets very dilated and can perforate, become atretic, or volvulize – this is a complicated meconium ileus
· Prenatal perforation causes a big meconium cyst intraperitoneally with calcifications in its wall.

· Diagnosis:

· Failure to pass meconium

· AXR with lots of stool

· Family hx of CF

· Contrast enema

· Treatment

· Nonoperative

· Enemas with Gastrograffin (osmolar agent), N-acetylcysteine (surfactant) to break up stool

· Successful 2/3 of the time

· Operative for Simple Meconium Ileus

· Try to milk out the stool into the colon (doesn’t  usually work)

· Do an enterotomy and irrigate out the stool

· You can either close the enterotomy primarily or you can put a T-tube in for future irrigation

· Resect any nonviable looking bowel and reanastomose primarily

· Operative tx for Complicated Meconium Ileus

· Resect atretic, nonviable or stenosed segments

· Make sure that the rest of the bowel is patent so you don’t come back

· Do an appendectomy (CF kids get a lot of appendicitis)

· Primary reanastomosis

· Outcome

· Survival is limited by the pulmonary problems

· Continue po N-acetylcysteine and pancreatic enzyme replacement!

vii) Meconium Plug
· As the name suggests – just due to a plug of meconium

· O/E – distended abdo, bilious emesis

· Rule out other causes of obstruction and rule out CF and Hirschsprung’s!

· Do a contrast enema

i. Rules out other problems

ii. Can disimpact the plug on its own

· Manually disimpact

viii) Malrotation
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Greenfield4th 
· Recall: three movements of mid-gut in embryology

1) Elongation – primarily in the  ileal and jejunal segments

2) Rotation –  a couple of things happen here

· 270 degrees counterclockwise rotation about the SMA so that the cecum lies in the lower right, the transverse colon crosses anterior to the small bowel

· a kind of herniation of the distal duodenum to the left (due to attachment at the ligament of Treitz) so that the small bowel starts in the LUQ and it’s mesentery progresses down toward the RLQ

· This gives  a broad, long mesentery to the small bowel that normally prevents volvulus around the SMA.

3) Reentry into the abdominal cavity

· Problems

· Nonrotation

· 90 degree rotation of mid-gut
· so small bowel lands on right, colon on left, duodenum is too inferior
· small bowel has a very small pedicle and thus volvulizes easily
· Incomplete Rotation

· 180 degree rotation of mid-gut
· this leaves the duodenum on the right side and the cecum sits in the RUQ right on top of the duodenum
· Ladd’s bands connect the cecum to the posterior wall and can compress the duodenum
· This one also has a small mid-gut pedicle so volvulus is common
· Mesocolic Hernia

· Small bowel can get trapped behind the right or left colon
· Right side = paraduodenal hernia and is associated with malrotation
· Left sided ones occur when small bowel gets stuck under the IMV
· Presentation

· Most are asymptomatic (incidence is probably about 1/100)
· Three presentations:
· Duodenal Obstruction (bilious emesis, distended stomach)

· Mid-gut volvulus

· Presents with bilious vomiting, distension, hematochezia, irritability (ie bowel obstruction)

· Incidental

· NB – Any bowel obstruction in a neonate with gas beyond the obstruction is a volvulus!!!!!
· Diagnosis

· AXR
· UGI contrast study
· Treatment
· If symptomatic – IMMEDIATE laparotomy and reduction

· Fix all of them because even in adults, the occurrence of volvulus is totally unpredictable

· Repair is by Ladd’s procedure:

· First reduce the volvulus (do this with counter clockwise rotation)

· Divide all tethers that hold the small bowel, cecum, dodenum and mesocolon around the base of the SMA (this will let you make a broad base to prevent future volvulus)

· Kocherize the entire duodenum and divide any attachments between the cecum and the lateral peritoneal wall

· You will wind up with nonrotated bowel with a wide pedicle

· Do an appendectomy cause if the kid gets an appy, no one will be able to find the damn thing.

· Take out nonviable bowel (as with any other cause of ischemia you will likely need an ostomy)

· Expect to put the kid on long term TPN/bowel transplant if the bowel is ischemic.

ix) Hirschsprung’s disease
· Incidence 1/5000

· Defined as aganglionosis of the colon, virtually all include the rectum and internal sphincter

· 80% involve up to the mid sigmoid

· 5% have the transition zone in the small bowel

· Associated with:  Trisomy 21 and cardiac defects
· Natural Hx:

· Varies from complete distal bowel obstruction to chronic constipation

· Diagnosis:
· Failure to pass meconium/tolerate feeds in first 24 hrs is the most common presentation

· Also present in clinic with chronic constipation @ 0-2 yrs old.

· First examine for anorectal malformation, do a contrast enema to R/O intestinal atresia/stenosis and to look for a transition point.

· NB – Radiology can look NORMAL.  This is a histologic diagnosis NOT radiologic!

· Do a suction rectal biopsy (really get a pediatric surgeon to do a suction rectal biopsy!)

· Get two samples from the posterior rectum ~1.5 cm above dentate line

· Treatment:

· 1 or 2 stage

· Dr Evans and Lees have seen fewer stenotic complications with 2 stage repairs so both do it in 2 stages

· Stage 1 (this is the part sometimes left out)
· Colostomy in newborn period

· Do a laparotomy, take a full thickness biopsy of colon presumed to be proximal to transition zone and send it for frozen section!

· IF the biopsy has ganglion cells then do a Hartman’s at that level.

· Stage 2: (done 3 months after the ostomy if the kid is growing well)
· Soave – endorectal pullthrough done without any pelvic dissection

· The point is to avoid dissecting around the nervi erigentes

· Ostomy is taken down

· The seromuscular layers of the rectal stump are incised longitudinally along its anterior surface

· The mucosa is then stripped off the inside of the rectal stump and everted through the rectum and excised.

· The ganglionic colon is then pulled through the anus and anastomosed to the anal verge.

· Swenson – endorectal pullthrough done with a pelvic dissection from the abdominal incision

· Just like the Soave but instead of dissecting within the rectal wall, the entire rectum is dissected out of the pelvis, then everted and excised.

· This puts the ureters, vas deferens, splanchnic plexus and seminal vesicles all at risk of injury (that’s what Soave was trying to avoid)

· Duhamel – no pull through, big pelvic dissection and side to side anastomosis between aganglionic rectum and normal proximal segment

· A stapled side to side anastomosis done by putting the stapler through the anus

· Barely done anymore

· Complications

· Stenosis

· Leak at anastomotic site

· Pelvic or muscular cuff abscesses

· Enterocolitis – up to ¼ of patients get enterocolitis post op.  Most do well and just need bowel rest, fluids and TPN.

x) Hypertrophic Pyloric Stenosis

· Incidence – 1/1000

· Familial – 7% risk in babies with parents who had the disease

· Most common group is first born males

· Pathophysiology and Natural Hx

· Progressive gastric outlet obstruction due to concentric hypertrophy of the pylorus that starts around 2 weeks of age
· Peaks at 8 weeks then resolves over months
· All used to die due to starvation until Ramstedt came along
· Now after pyloromyotomy, mortality is 0. They feed POD 1.  And have no further problems.
· Presentation

· The classic story is a 6 wk old baby that began vomiting after each feed over the preceeding few days

· Emesis is often projectile and NON-BILIOUS

· Baby is hungry again after vomiting

· Major finding is a palpable pylorus just deep to the liver edge in the RUQ (ie the olive)

· Often have indirect hyperbilirubinemia (not known why and it resolves with tx of HPS)

· Physiologic Disturbance in Pyloric Stenosis
· Hypochloremic, hypokalemic metabolic alkalosis due to:

i. Loss of HCl in emesis
ii. Volume contraction that activates renin angiotensin system and upregulates sodium retention and K+ excretion at glomerulus
iii. Activation of Na-K-H ATPase that saves Na and HCO3- and excretes K+ and H+
iv. Loss of gastrin activation of pancreatic bicarb excretion
· Diagnosis

· Hx, physical and radiology
· Use U/S if you have an ultrasonographer with some experience
· Can also use an UGI contrast study to show gastric outlet obstruction with a “shouldered” pylorus (see Greenfield 4 for a good picture)
· Treatment

· FIRST – fix electrolyte disturbances

· This just requires fluid repletion – 20 cc/kg NS bolus, IV D51/2NS with 20 mEq KCl/L at 1.5X maintenance

· There is no rush to fix the pylorus – make sure to get the kid ready biochemically for the OR!

· Ramstedt Pyloromyotomy

1. RUQ transverse incision over palpable pylory

2. find stomach and grab with a Babcock straddling the gastro-epiploic vessels

a. Usually you see it right away OR:

b. Find transverse colon and follow gastrocolic lig back up

c. Put a dry sponge into the abdomen and pull it out – the omentum will come up with it and you can follow that back to the stomach.

3. deliver the pylorus into the wound

4. incise the seromuscular layers only longitudinally from 2mm proximal to the end of the pylorus up onto the antrum of the stomach – DO NOT incise over the duodenum, it will perf.

5. deepen the incision with the blunt end of the scalpel until you see mucosa pouting up into the incision

6. Use the Benson spreader to spread the muscle so that the ends of the incision fracture a bit further – when they stop fracturing and begin tearing STOP.

7. check to make sure the two sides of the cut pylorus muscle move independently of each other

8. gently pressurize the pylorus to ensure there is no leak.

9. Close the abdomen.

10. Feed in 8 hours.

xi) Intussusception
· Telescoping of bowel into neighbouring segment

· Epidemiology

· 3 months to 3 years

· most common cause of obstruction in infants

· occurs in 1/1000 infants

· associated with rotavirus vaccine

· Presentation

· Colicky abdo pain, distention, vomiting, current jelly stool or just plain hematochezia
· Often a palpable mass in Rt abdo
· Diagnosis

· Contrast enema using either Air or Gastrograffin
· Treatment

1. Non-operative

· Barium enema – barium column 3 feet high, for 3 minutes, 3 times, with 3 minute breaks in between

· If not reducible this way then go to OR

2. Operative

· Indic’n:
· Peritonism

· Inability to reduce non-operatively

· Midline Laparotomy

· Find intussusception and reduce by MILKING not by pulling

· Examine bowel for lead points and for viability

· Resect nonviable bowel

· Natural History with tx

· 5% risk of recurrence, usually in first 24 hrs.
xii) Meckel’s Diverticulum and Vitello-Enteric Remnants

· From the yolk stalk that connects the yolk sac with the gut

· Can leave a spectrum of problems (as with all embryological remnants):

· Isolated vitelline remnants  (GI mucosa) at the umbilicus

· Bands between ileum and umbilicus

· Meckel’s diverticulum

· Patent Vitelline duct (very uncommon)

· Meckel’s

· 40 cm from ICV

· in 2% of population

· usually symptomatic as an infant

· 50% contain either ectopic gastric mucosa or pancreatic tissue

· has its own vitelline artery from the SMA

· Problems include – hemorrhage, obstruction (usually due to intussusception), diverticulitis (+/- perf), 

	TABLE 110.6 DIAGNOSIS: SIGNS AND SYMPTOMS OF MECKEL'S DIVERTICULUM

	Clinical presentation

Approximate frequency (%)

Hemorrhage

30–35

Small bowel obstruction

30–35

Diverticulitis

20–25

Umbilical fistula

10

Other

Uncommon




· Diagnosis

· Based on symptoms +/- Meckel’s scan (99T pertechnetate which has an avidity for gastric mucosa)
· Treatment

· Excision by wedge resection (longitudinal followed by transverse closure) or segmental resection
· Incidental Meckel’s

· Weigh the risk of excision vs pt factors.
· Excise under 2 yrs old and if not doing an emergent case
xiii) Intestinal Duplications
· Again these are embryological remnants

· Can be cysts or tubes

· Occur along the mesenteric side of the bowel and share a wall with the bowel

· Can have ectopic gastric mucosa

· The problem:

· Bleeding

· Infection

· Obstruction (compression, intussusception)

· Torsion

· Malignancy

· Associated with vertebral and renal abnormalities

· Cystic Duplications

· Occur in the hindgut and esophagus most often
· Treatment:
· Excise all of them due to the potential complications
· Esophageal and rectal ones can be excised alone
· Small bowel ones usually require segmental resection due to intimate relationship with neighbouring bowel
· Big ones involving lots of bowel can be opened into the peritoneal cavity by resecting one wall and then stripping the mucosa off the inside.
· Tubular Duplications

· Occur along small bowel and colon
· Excise if possible
· If they are too long to excise then you can either marsupialize into peritoneal cavity or ensure that both ends communicate with the gut lumen (enteroenterostomy)
xiv) Mesenteric and Omental Cysts

· Lymphatic cysts (essentially cystic hygromas of the mesentery or omentum)

· Problems – as with any cyst – bleeding, rupture, torsion, compression of neighbouring structures, infection

· Tx: resect all of them.

xv) Rectal Prolapse

· Common in toddlers

· Most are normal kids

· Increased risk with constipation (CF, anorectal malformations, Hirschsprung’s, polyps)

· Ddx:

· Intussusception protruding through anus 

· you’ll be able to put your finger alongside the intussusceptum if this is the case

· Rectal polyp

· The vast majority of kids polyps are hamartomatous

· You should resect them, send them to path to ensure they are not adenomatous and scope for others (look for Gardner’s syndrome)

· Treatment:

· The majority get better with manual reduction + stool softeners

· Recurrent ones can be treated with four quadrant RECTAL (not anal) sclerosant injection

· Cures 90% of them

· Use 5% sodium Morrhuate

· Really bad ones in older kids (teenagers) may require an Altmeier

· I saw one case of a 16 yr old with autism in 2006 who picked at the prolapse until it bled.  It was a very large prolapse and req’d an Altmeier.

C) Liver Problems
i. Tumors
· Benign vs Malignant (Primary vs Metastatic)
· Most primary tumors are malignant in Peds
	TABLE 110.11 INCIDENCE OF LIVER TUMORS IN CHILDHOOD

	Tumor type

Incidence rate (%)

BENIGN
Vascular tumors

13

Hemangioma

9

Hemangioendothelioma

4

Mesenchymal hamartoma

6

Focal nodular hyperplasia

2

Adenoma

2

Teratoma

2

OTHER
3

MALIGNANT
Hepatoblastoma

43

Hepatocellular carcinoma

23

Malignant mesenchymal tumor

4

Sarcoma

2

Embryonal cell carcinoma

2

Angiosarcoma

1
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Benign Tumors

· 1/3 of childhood liver tumors

· Can be:

· Vascular

· Hemangioma (aka cavernous hemangioma)

· adolescents

· Hemangioendothelioma

· Infants

· These can bleed or cause high output heart failure (otherwise don’t need to be excised)

· Hamartomas

· Present in infants and can be very large

· Should be resected.

· FNH

· Female children and young adults on OCP

· Local inflammatory response around an overgrown area of normal parenchyma

· No operative tx req’d unless dx unsure.

· Hepatic Adenoma

· Uncommon in kids

· Remember these bleed like crazy

· Resect for diagnosis (looks just like HCC) and for bleeding risk

· Cysts

· Come from bile ducts, but can be echinococcal

· If multiple then look for PCKD
· W/U – check for hydatid disease with serology

· Treatment – surgical for symptomatic cysts

· Systemic Mebendazole and Hypertonic saline injection for hydatid disease

· Teratomas

· Super rare

· Malignant degeneration is the risk so excise all of them.

Malignant Tumors

· 2/3 of childhood liver tumors

· Definitely have to go to a pediatric oncology center.

· Only 4 types really:

· Hepatoblastoma

· Found in young children (<2) as a mass or due to compression of GI tract

· Alpha fetoprotein elevated in nearly all

· Can also cause precocious puberty (can secrete androgens)

· Requires surgical resection in all cases

· Use Neoadjuvant chemo for initially non-resectable cases

· All get Adjuvant chemo

· Cure rate 2/3 (65-70%) if non metastatic

· Follow AFP levels post op

· Hepatocellular carcinoma

· Found in older children

· Presents the same as Hepatoblastoma just in older kids

· V. poor prognosis – 10-20% survival

· Associated with Beckwith-Weidemann, OCP, Hep B, Fanconi syndrome, anabolic steroids

· Requires surgical resection

· Fibrolamellar subtype has slightly better prognosis

· Malignant Mesenchymal tumors

· Complex cystic lesions in kids 5-10 yrs

· V. poor prognosis but resected anyway

· Sarcoma

· Uncommon

· Again v. poor survival despite aggressive resection.

ii. Hepatic Infections

· Either pyogenic or amebic

· Don’t operate on any of them

· Perc drain pyogenic ones (which occur in immunocompromised kids)

· Treat amebic ones with Flagyl

· These occur in kids with Entamoeba histolytica (South America)

iii. Biliary Problems
1. Biliary Atresia

· Not due to failure of genesis of biliary tree as the name suggests (agenesis is biliary hypoplasia)

· This is due to some inflammatory process that kills the bile ducts.

· Frequency – 1/8000

· Must be differentiated from biliary hypoplasia by biopsy

· Because – drainage procedures won’t work if there is nothing to drain.

· Pathology

· The whole extrahepatic biliary tree just scars down completely (including the gall bladder)

· Back up of bile causes hepatic parenchymal injury, hepatitis and

· Pathogenic mechanism is unknown

· Presentation
· Neonatal jaundice (direct)
· Elevated ALP
· Mildly elevated transaminases
· Workup
· Note – Outcome is dependent on age at dx and tx so expedient workup is necessary

· HIDA

· Often the kids are given phenobarbitol first to upregulate hepatic enzymes and increase IDA uptake

· Sensitivity is 100%, specificity is 94%

· Biliary atresia has prompt uptake and delayed emptying (as opposed to hepatocellular disorders which have slow uptake)

· U/S

· To rule out choledochal cyst and other mechanical obstructions as cause of blockage

· Alpha-1 antitrypsin level

· ALL possible biliary atresias should have this done because no other test can differentiate alpha-1 antitrypsin deficiency from biliary atresia!
· Liver Biopsy

· Not always necessary if biliary atresia is the most likely dx.

· Treatment

· Portoenterostomy (Kasai)

· “Just” do a Roux loop up to the portal plate and allow microscopic ducts at the plate to drain the liver.

· 1/3 work completely right away

· 1/3 fail right away

· 1/3 work for a couple of years and then fail

· Prognosis is worse the later you do it (REALLY drops off after 4 months of age)

· Half of the ones that work will get cholangitis

· Liver transplantation

· Usually after failed portoenterostomy

Peds Drugs and Resuscitation:
Resuscitation:

· Crystalloid – RL 20 cc/kg x 2 then R/A

· Whole blood – 10-20 cc/kg

· pRBC – 10 cc/kg

· FFP – 10 cc/kg

Drugs:
· Ampicillin – 50 mg/kg q6h

· Gentamicin – 2mg/kg q8h

· Metronidazole – 10 mg/kg q6h

· Ancef – 25 mg/kg q6h

· Morphine 0.1 mg/kg

· Codeine 1 mg/kg

· Tylenol 10 mg/kg

· Zantac 1 mg/kg bid

· Maxeran 15 mg/kg q6h
