Critical Care Transport		Chapter 22: Neonatal Emergencies
© 2011 Jones and Bartlett Publishers, LLC  www.jbpub.com	 1 
Chapter 22: Neonatal Emergencies

Lecture

I. Introduction
	Time:  6 Minutes
	Slides: 1–4
	Lecture/Discussion
A. 	Definitions
1. 	A newborn is an infant within the first few hours after birth.
2. 	A neonate is an infant within the first 28 days of birth.
3. 	A term newborn is an infant delivered within the 37th to 42nd week of pregnancy.
B. 	In the United States, 80% of the 30,000 babies born each year weighing less than 3 lb require resuscitation.
C. 	Short- and long-term outcomes are linked to initial stabilization efforts.
D. 	It is very important to transport neonatal emergencies to facilities that are capable of handling them.
E. 	General guidelines for treatment include ABCs, maintaining normal blood glucose levels, careful monitoring of vital signs, and careful maintenance of body temperature at the low end of the normal range 97.5°F [36.4°C].


II. Anatomy and Physiology of a Neonate 
	Time: 32 Minutes
	Slides: 5–25
	Lecture/Discussion
A. 	Neonates are not small children.
B. 	Thermoregulation
1. 	Neonates lose heat more easily than other children do.
a. 	High body-to-surface ratio
b. 	Limited subcutaneous fat
2. 	Neonates have limited heat production capabilities.
a. 	Low glycogen stores
b. 	Low brown fat
c. 	Limited capacity to generate heat by shivering
3. 	Neonates have a narrow range of neutral thermal environment.
a. 	Neutral thermal environment is the temperature at which maintaining normal body temperature requires minimal metabolic effort.
b. 	A newborn’s ability to metabolize brown fat comes at the expense of increased oxygen consumption.
4. 	Preterm infants are at risk of hypothermia because of thin skin.
5. 	To help maintain normal body temperature, CCTP should use prewarmed blankets and equipment, including a prewarmed transport incubator.
C. 	Respiratory structure and function
1.	The lungs are not able to sustain life outside the womb until 23 weeks of gestation.
2. 	The neonatal lung is small relative to body size, and it has very little respiratory reserve.
3. 	A neonate has a respiratory rate of 30 to 60 breaths/min with a tidal volume of 5 to 7 mL/kg.
4.  	A neonate’s head is large in proportion to the rest of its body.
5. 	An infant’s tongue is large relative to the oral cavity and can block the airway.
6. 	Infants are nose breathers.
a. 	May present with obstructive apnea from various causes
i. 	Developmental defect
ii. 	Edema of the nasal mucosa during suctioning
iii. 	Secretions
7. 	The larynx of neonates is more anterior than that of older children, which is important to know when intubating.
8. 	When positive pressure ventilation (PPV) is needed, attempts should be made to maintain physiologic tidal volume breaths.
9. 	Volutrauma, hypercapnia, and hypocapnia have been associated with bleeding in the brain. hearing loss, and chronic lung disease.
D. 	Oxygen transport
1. 	Fetal hemoglobin forms 70% to 80% of the total hemoglobin in a neonate.
2. 	Fetal hemoglobin delivers oxygen in the hypoxic condition in utero, but it tends to hold on to oxygen in the normal conditions following birth.
3. 	Neonates have high oxygen requirements (6 to 8 mL/kg).
a. 	This is accomplished by a high cardiac output (300 mL/kg/min) and a high respiratory rate (30 to 40 breaths/min).
4. 	Neonates can become hypoxic and bradycardic quickly.
E. 	Cardiovascular function
1. 	The normal neonate heart rate is 120 to 160 beats/min.
2. 	Neonates will respond to careful volume loading (a fluid bolus of 10 to 20 mL/kg) with an increase in cardiac output, but they will not tolerate a fluid overload.
3. 	The most common inotropic agents used in neonates are dopamine and dobutamine.
F. 	Transitional circulation
1. 	In utero, the pulmonary vasculature has a high resistance.
2. 	Most of the blood returning to the right atrium from the placenta passes to the left atrium via the foramen ovale.
3. 	Oxygenated blood enters the left atrium, mixes with the pulmonary return, and is pumped via the left ventricle and the aorta to the coronary arteries and brain.
4. 	Deoxygenated blood returns from the lungs to the left atrium and mixes with the oxygenated blood in the left atrium.
5. 	Of the ejected right ventricular output, most blood flows to the aorta through the ductus arteriosis, mixing with the left ventricular output. 
6. 	Blood carried by the descending aorta perfuses various organs and the lower body.
7. 	Umbilical arteries, which branch from the internal iliac arteries, lead to the placenta, where the blood is oxygenated.
8. 	When the umbilical cord is clamped at birth, there is a sudden rise in systemic vascular resistance.
9. 	With extrauterine breathing and expansion of the lungs, pulmonary vascular resistance decreases, and pulmonary blood flow increases.  
10. Increased venous return to the left atrium raises the left atrial blood pressure above the right, closing the foramen ovale.
a. 	The foramen ovale can take up to 6 weeks to close.
G. 	Renal function
1. 	Nephrogenesis is completed at 36 weeks of gestation.
2. 	Tubule growth continues.
3. 	The glomerular filtration rate at term is low; it reaches adult level at 2 years of age.
4. 	The newborn’s creatine level at birth reflects that of its mother; it falls to reflect renal function at 1 week of age.
5. 	Infants tolerate fluid restrictions poorly and become dehydrated quickly.
H. 	Fluid and electrolyte balance
1. 	The extracellular fluid compartment is expanded in neonates.
2. 	Total body water represents 85% of body weight in premature babies, 75% of body weight in term babies, and 60% body weight in adults.
3. 	Contraction of extracellular compartment and weight loss in the first few days following birth is a normal process.
4. 	After this occurs, water and sodium requirements adjust to match those of the growing infant.
5. 	Fluids should be restricted until the postnatal weight loss has occurred.
6. 	After 24 hours, once adequate urine output is established, 10% dextrose in a 0.25 normal saline is used as a maintenance fluid in neonatal transport; 10 mEq potassium chloride in 500 mL may be added unless findings show abnormal electrolyte levels.
I. 	Central nervous system, nociception, and the stress response
1. 	The lower level for cerebral autoregulation in neonates is not known. 
2. 	It is thought to be close to the near a cerebral perfusion pressure of 30 mmHg.
3. 	Appropriate mean arterial blood pressures for extremely premature neonates is not known.
4. 	It is generally acknowledged that an acceptable mean arterial blood pressure equates to the gestational age of the newborn.
5. 	It is important to use appropriate sedation for procedures to minimize stress and prevent intraventricular hemorrhage.
J. 	Developmental aspects of pain
1. 	Neonates show well-developed responses to painful stimuli.
2. 	Pain in neonates should be treated using appropriate analgesic measures. 
K. 	Skeletal development
1. 	Neonates have incomplete ossification of bones and tissues.
2. 	Neonates are more prone to soft-tissue and bony injuries than are older children.
3. 	These factors are important to take into consideration when performing CPR.		


III. Neonatal Assessment and Stabilization
	Time:  18 Minutes
	Slides: 26–37
	Lecture/Discussion
A. 	CCTP should review relevant history, including prenatal issues, neonatal symptoms, vital signs, physical exam findings, radiographs, and laboratory values.
B. 	Communication among all health care providers is critical throughout the transport process.
C. 	Common risk factors
1. 	The risk of complications in neonates increases as birth weight and gestational age decrease.
2. 	The risk of complications in term infants also increases when there are maternal infection, diabetes, hypertension, or meconium.
D. 	APGAR score
1. 	The APGAR score is a standardized numeric expression of a baby’s condition after birth. 
2. 	1 and 5 minute scores are normally recorded.
3. 	APGAR assessment may continue if baby’s condition does not improve
4. 	Each of the five signs is awarded a 0, 1, or 2.
5. 	Maximum total score is 10
6. 	Factors that affect the APGAR score include physical maturity, maternal medication intake, narcotic use, and neuromuscular or cardiorespiratory conditions.
7. 	The score is a limited indicator of the severity of asphyxia.
8. 	If the score remains at 3 or lower after 20 minutes, there is a risk of neurologic problems.
F. 	Stabilization and management
1. 	Stabilization of the neonate is needed if there is acute airway obstruction, ineffective respiration, or insufficient cardiovascular respiration.
2. 	The first steps in stabilizing a neonate are airway management and ventilation.
a. 	The first step in this process is to suction the neonate’s airway thoroughly.
3. 	Free-flow (blow-by) supplemental oxygen is required if peripheral cyanosis is present despite adequate respiratory effort and if the pulse rate greater than 100 beats/min.
4. 	Ventilations are required if the respiratory effort is inadequate, or if the pulse is less than 100 beats/min.
5. 	Ventilations are provided at a rate of 40 to 60 breaths/min with a tidal volume sufficient to expand the neonate’s chest.
6. 	Intubation will be required if bag-mask ventilations are ineffective, tracheal suctioning is required, or prolonged PPV is necessary.
7. 	Chest compressions are indicated if the neonate’s pulse is less than 60 beats/min, without improvement despite assisted ventilation.
8. 	Neonates born before 34 weeks are at increased risk of bleeding into the brain.
a. 	Avoiding rapid fluctuations in blood pressure, temperature, fluid volume, and pH minimizes the risk.
9. 	Neonates needing oxygen therapy and mechanical ventilation are at risk of long-term lung damage.
a. 	Minimizing oxygen exposure and avoiding pressures from assisted ventilation minimizes the risk.


IV. Determining the Need for and Providing Neonatal Resuscitation
	Time: 35 Minutes
	Slides: 38–60
	Lecture/Discussion
A. 	Airway/breathing management
1. 	Free-flow oxygen
a. 	Oxygen should be warmed and humidified.
b. 	If PPV is not indicated, oxygen can be delivered through a mask held close to the infant’s face. 
c. 	If a self-inflating bag is connected to an oxygen source, the oxygen reservoir can be held close to the infant’s face.
d. 	Holding the mask over the face without squeezing the bag does not deliver oxygen from a self-inflating bag.
e. 	A premature infant’s oxygen should be maintained at 88% to 92% saturation.
f. 	A term infant’s oxygen should be maintained at 95% to 98% saturation.
2. 	Oral airways
a. 	Rarely used for neonates
b. 	They can be life-saving if there is an airway obstruction.
i. 	Bilateral choanal atresia
ii. 	Pierre Robin syndrome
3. 	Bag-mask ventilation
a. 	Indicated for signs of respiratory distress
b. 	Required if there is persistent central cyanosis, despite breathing 100% oxygen
c. 	Equipment and techniques must be adjusted to fit the needs of the infant.
d. 	Face mask needs to provide an airtight seal over the baby’s nose and mouth, extending down to the chin, but not over the eyes.
e. 	Infant needs to have a patent airway cleared of secretions, with the neck extended slightly in the sniffing position.
f. 	The first few breaths of a neonate after birth require higher pressures because the lungs are not fully expanded, and they may still be filled with fluid.
i. 	The pop-off valve may need to be disabled.
ii. 	Subsequent breaths should be delivered with sufficient pressure to result in visible, but not excessive, chest rise.
g. 	The most common causes for ineffective bag-mask ventilation are inadequate mask seal and incorrect head positioning.
h. 	Neonate should receive 40 to 60 breaths/min.
4. 	Indications for intubation
a. 	Meconium-stained fluid
b. 	Congenital diaphragmatic hernia
c. 	Infant doesn’t respond to bag-mask ventilation and chest compressions
d. 	Prolonged PPV is needed.
5. 	Skill Drill 22-1: Intubation of Neonate
a. 	Preoxygenate infant by bag-mask ventilation with 100% supplemental oxygen.
b. 	Suction the oropharynx. Provide bag-mask ventilation if bradycardia results.
c. 	Place laryngoscope blade in the oropharynx. Visualize the vocal cords until the black line on the tube is at the level of the cords.
d. 	Confirm placement. Observe chest rise, auscultator laterally and high on the chest.
e. 	Tape the ET tube in place.
6. 	Skill Drill 22-2: Neonatal Orogastric Tube Placement
a. 	Measure for correct depth.
b. 	Insert the tube to the appropriate depth.
c. 	Remove the gastric contents with a 20 mL syringe.
d. 	Tape the tube to the neonate’s cheek.
e. 	Remove the syringe from the feeding tube to allow air to vent from the stomach.
7. 	Skill Drill 22-3: Resuscitating a Neonate
a. 	Lay neonate flat. Suction the mouth and nose with a bulb syringe.
b. 	If drying and suctioning, do not induce breathing. Gently snap your fingers on the soles of the neonate’s feet.
c. 	Begin bag-mask ventilation if the neonate is not breathing effectively.
d. 	If the neonate is still not breathing, continue bag-mask ventilation and check for an umbilical, femoral, or brachial pulse.
e. 	If you cannot feel a pulse, or if the heart rate is less than 60 beats/min, begin chest compressions.
B. 	Gastric decompression
1. 	Gas decompression using an orogastric tube is indicated for prolonged bag-mask ventilation, if abdominal extension is impeding ventilation.
2. 	It is also indicated if there is a known or suspected diaphragmatic hernia.
C. 	Circulation
1. 	Chest compressions are indicated if the heart rate remains below 60 beats/min and all other methods have failed.
2. 	Use thumb technique or two-finger technique.
3. 	The depth of compression is one third of the anterior-posterior diameter of the chest.
4. 	The fingers should remain in contact with the chest at all times to minimize the risk of trauma.
5. 	Time the compressions in synchrony with artificial ventilation, which continues during chest compressions.
6. 	If the neonate is not responding to resuscitation, consider other problems.
a. 	Technical/mechanical equipment problems
b. 	Unrecognized pulmonary complications
c. 	Severe metabolic problems
d. 	Congenital abnormalities 
e. 	Severe anemia
D. 	Pharmacologic interventions
1. 	Normal saline bolus, lactated Ringer’s solution, or blood may be indicated for hypovolemia, blood loss, or suspected metabolic acidosis.
2. 	Naloxone may be used if the infant continues to have depressed respirations and there is a history of narcotic use in labor.
a. 	It is contraindicated if the mother is a narcotics user.
3. 	Epinephrine
a. 	Epinephrine is indicated if the infant has a pulse rate of less than 60 beats/min after 30 seconds of effective ventilation and 30 seconds of chest compressions.
b. 	IV is the preferred mode of administration, but endotracheal tube is also effective
4. 	Volume replacement
a. 	Volume replacement may be needed if an infant’s intravascular volume is significantly depleted from conditions such as placenta abruption or septic shock.
b. 	In a newborn, a low umbilical venous catheter can be placed in the large vein in the umbilical cord, advancing the line just far enough to allow blood return, but not far enough to enter the liver.
E. 	Ventilation during transport
1. 	Most neonatal transport incubators are fitted with a ventilator that provides synchronized, intermittent, mandatory ventilation.
2. 	Settings can be adjusted relative to the patient’s condition.
3. 	Ventilator tubing can affect the measured tidal volume on some ventilator circuits.
a. 	Observation of chest rise and fall is critical.
4. 	For patients with very severe lung disease, a standard ventilator may not provide adequate support.
5. 	Additional hand bagging may be needed.
F. 	Additional transport considerations
1. 	It is key to ensure a secure airway before beginning transport.
2. 	The neonate is best stabilized at the medical center.
3. 	Evaluation during transport is difficult because of vibration, noise, and poor lighting.
4. 	CCTP must continue to rely on cardiorespiratory equipment to determine the stability of vital signs.
5. 	If additional measures are necessary during ground transport, it is recommended that the driver pull over while the issues are addressed.


V. Respiratory Conditions
	Time: 24 Minutes
	Slides: 61–76
	Lecture/Discussion
A. 	Apnea
1. 	Defined as a pause in respirations of more than 20 seconds
2. 	Often associated with cyanosis, pallor, hypertonia, or bradycardia
3. 	Primary apnea is present at birth. 
a. 	It is the initial response to asphyxia.
b. 	It responds well to stimulation and oxygen supply.
4. 	Secondary apnea 
a. 	Sets in if primary apnea is not addressed
b. 	It only responds to assisted ventilation and secondary oxygen.
5. 	Causes of apnea
a. 	Fixed anatomic obstruction
b. 	Obstruction from position
c. 	Secretions
d. 	Reflux with aspiration
e. 	Metabolic causes
f. 	Cardiovascular causes
g. 	Infections
h. 	Neurologic causes
6. 	Management includes managing the ABCs as needed.
B. 	Causes of respiratory distress in a neonate
1. 	Meconium-stained amniotic fluid
a. 	Meconium is the first stool of an infant. It is usually expelled after birth.
b. 	It can be expelled in utero in infants under stress.
c. 	Meconium aspiration occurs when infants inhale the meconium before or during delivery.
d. 	Inhalation of meconium can cause hypoxia, which can lead to atelectasis, persistent pulmonary hypertension, pneumonitis, and pneumothorax.
2. 	Pneumonia
a. 	Neonates have an undeveloped immune response and are at increased risk of pneumonia.
b. 	Signs and symptoms include tachypnea, increased work of breathing, and hypothermia.
3. 	Respiratory distress syndrome
a. 	This condition is caused by the retention of fetal lung fluid. 
b. 	It can also be the result of sepsis, pneumonia, and congenital respiratory or cardiac malformation.
c. 	It is important to monitor complications during transport.
d. 	A needle setup should be available in the event an infant develops a pneumothorax en route.
4. 	Pneumothorax
a. 	A simple pneumothorax is a collection of gas in the pleural space, causing lung collapse.
b. 	A tension pneumothorax involves air in the pleural space under pressure and is a life-threatening condition.
c. 	Symptoms include increased oxygen requirements, tachypnea, labored breathing, agitation, bradycardia, tachycardia, cyanosis, and hypotension.
d. 	Management includes transillumination, thoracentesis, and intubation.
e. 	Intubation carries the risk of increasing the pneumothorax.
f. 	Thoracentesis 
i. 	Clean the area around the intercostal space.
ii. 	Prepare a 22-gauge butterfly needle attached to extension tubing, a three-way stopcock, and a 20 mL syringe. 
iii. 	Insert the needle above the third rib as a second person pulls back on the syringe.
iv. 	Continue to advance the needle until the air is recovered.
v. 	Remove as much air as possible with the syringe.
vi. 	Intubate the infant if respiratory distress continues.
C. 	Resuscitation in a neonate beyond the newborn period
1. 	Rapid assessment is needed to evaluate cardiopulmonary and neurologic function.
2. 	Obtain a focused medical history and a thorough physical exam. 
3. 	Categorize the clinical condition by type and severity.
D. 	Primary assessment includes airway, breathing, and circulation
1. 	Look for movement in the chest or abdomen.
2. 	Listen for breath sounds and feel movement of air at nose or mouth.
3. 	Suction the nose and pharynx.
4. 	Attempt foreign body movement.
5. 	Intubate if measures to obtain patent airway don’t work.
6. 	Assess cardiovascular function by skin color, temperature, heart rate, rhythm, blood pressure, pulses, and capillary refill time.
7. 	End organ function is assessed by evaluation of mental status, skin perfusion, and renal output.
8. 	Careful evaluate of pallor, mottling, and cyanosis may indicate inadequate oxygen delivery to the tissues.
9. 	Acrocyanosis (blue hands and feet) is often seen in healthy newborns but is not associated with hypoxia.
E. 	Management of respiratory distress and failure
1. 	Respiratory distress is a major cause of cardiac arrest in newborns and infants.
2. 	Clinical deterioration in respiratory function may progress rapidly.


VI. Cardiovascular Conditions
	Time: 32 Minutes
	Slides: 77–97
	Lecture/Discussion
A. 	Cyanosis
1. 	Cyanosis (blue coloration of the gums and face) is caused by increased arterial oxygenation.
2. 	Acrocyanosis, or cyanosis of the extremities, with pink color centrally, is a benign condition. 
3. 	Cyanosis often presents in association with poor perfusion and congestive heart failure.
4. 	It may also present with shock or as the result of a pulmonary or cardiac process.
5. 	Causes
a. 	Cyanotic congenital heart disease
b. 	Arrhythmia
c. 	Cardiomyopathy
d. 	Patent ductus arteriosis
e. 	Myocarditis
f. 	Persistent pulmonary hypertension (PPHN)
g. 	Sepsis/pneumonia
h. 	RDS aspiration pneumonitis
i. 	Severe anemia
j. 	Arteriovenous malformation
B. 	Cyanotic congenital heart disease (CHS)
1. 	CHS is caused by developmental abnormalities in the heart or major blood vessels.
2. 	It can also be caused by a hypoplastic left heart.
3. 	Treatment
a. 	Assessment of ABCs
b. 	Administer oxygen, keeping oxygen below 70%.
c. 	Consider intubation if respiratory distress is severe.
d. 	Obtain IV access.
e. 	Order laboratory tests for lactate, hemoglobin, and blood gases.
f. 	Record blood pressures on all four limbs.
g. 	Perform a hypoxia test.
h. 	Consider prostaglandin administration with supervising physician.
i. 	Follow vital signs closely.
j. 	Manage hypotension with normal saline bolus.
C. 	Recognition and management of tachyarrhythmias, and bradyarrhythmias
1. 	Tachycardia
a. 	Causes
i. 	Tissue hypoxia
ii. 	Hypovolemia
iii. 	Fever
iv. 	Metabolic stress
v. 	Pain
vi. 	Stress
vii. 	Anxiety
viii. Drugs
ix. 	Anemia
b. 	Supraventricular tachycardia (SVT)
i. 	An abnormally fast rhythm originating above the ventricles
ii. 	Often tolerated well in infants
iii. 	Symptoms include congestive cardiac failure, poor feeding, rapid breathing, irritability, blue color, and vomiting.
2. 	Bradycardia 
a. 	Bradycardia is usually the result of tissue hypoxia.
b. 	Most common neonatal bradyarrhythmias are due to lupus in the mother.	
D. 	Recognition and management of cardiac arrest
1. 	Sudden cardiac arrest in children is uncommon.
2. 	Cardiac arrest is usually caused by a progression of respiratory distress, respiratory failure, or shock.
3. 	Sudden infant death syndrome (SIDS) has decreased with the “back to sleep” campaign.
E. 	Persistent pulmonary hypertension (PPHN)
1. 	Persistence in elevated pressures in pulmonary vasculature after birth
2. 	Presents mostly in term and postterm neonates in the first hours of life
3. 	Causes
a. 	Exact cause is not known
b. 	Suspected causes are meconium aspiration, asphyxia, pneumonia, hypothermia, hypoglycemia, and sepsis.
c. 	Use of NSAIDs by mother, maternal diabetes, and chronic fetal distress are also suspected causes.
F. 	Acidosis
1. 	Respiratory acidosis may be caused by maternal drug use that results in respiratory depression.
2. 	Metabolic acidosis results when cations form from poor tissue perfusion or toxic by products in inborn errors of metabolism. 
a. 	Causes include asphyxia, congenital heart disease, sepsis, inborn errors of metabolism. hypovolemia, seizures, bradycardia, and hypotension.
b. 	Signs and symptoms include tachypnea, mottled/gray skin, apnea, lethargy, hypertonia, hypotonia, feeding intolerance, seizures, or emesis.
c. 	If inborn error of metabolism is suspected, enteral feeding should be stopped, and IV dextrose should be initiated.
3. 	Critically, people often have mixed metabolic and respiratory acidosis.
G. 	Shock
1. 	Occurs when perfusion is insufficient to meet tissue demands
2. 	All organ systems can be affected.
3. 	Causes
a. 	Hypovolemia due to blood loss or low fluid intake
b. 	Renal failure
c. 	Diarrhea
4. 	Cardiogenic shock
a. 	Caused by congenital heart disease, arrhythmias, myocardial ischemia, cardiac tamponade, pneumothorax, or high interthoracic pressure from PPV.
b. 	Distributive shock causes includes sepsis, cardiac depression, and vasodilation.
5. 	Symptoms of shock include hypotension, tachycardia, poor perfusion, tachypnea, oliguria/anuria, hypothermia, acidemia, weak pulses, hepatomegaly, cardiomegaly, and peripheral edema.
6. 	Treatment
a. 	ABCs
b. 	IV for fluid replacement
7. 	Catheterizing an umbilical vein
a. 	Clean the cord with antiseptic.
b. 	Place a sterile tie firmly at the base of the cord.
c. 	Prefill a sterile umbilical line catheter with normal saline using a 3-mL syringe.
d. 	Cut the cord below the cord clamp placed on the cord at birth.
e. 	Insert the catheter until the blood can be aspirated.
f. 	Once access is established, flush with normal saline and tape in place.
H. 	Anemia
1. 	Anemia is defined as a hematocrit value of less than 38% in preterm neonates and less than 42% in term neonates.
2. 	Patient may be asymptomatic.
3. 	Symptoms include tachycardia, pallor, petechiae/purpura, jaundice, hepatosplenomegaly, respiratory distress, hydrops, heart failure, bleeding, cyanosis, shock, or acidosis.
4. 	Anemia is caused by increased destruction, decreased production, or loss of red blood cells.
5. 	Management includes following the ABCs and obtaining IV access, with follow-up testing and treatment at a medical center.

	
VII. Gastrointestinal Conditions
	Time: 30 Minutes
	Slides: 98–117
	Lecture/Discussion
A. 	Any part of the gastrointestinal tract may have congenital anomalies.
1. 	Atresias are a complete absence of lumen.
2. 	Stenosis (narrowing)
3. 	Duplication of loops of bowel
4. 	Functional obstructions
B. 	Presenting symptoms include increased salivation, choking with feeding, cyanosis, vomiting (especially if bile stained), abdominal distension, blood in stool, failure to stool, lethargy, and irritability.
C. 	Abdominal wall defects
1. 	Gastroschisis
a. 	Full thickness defect of abdominal wall 
b. 	Edematous intestine, stomach, and fallopian tube may protrude
c. 	Usually an isolated defect
2. 	Omphalocele
a. 	A herniation of the abdominal contents into the umbilical cord
b. 	Associated with congenital defects
3. 	Both conditions must be resolved by surgery.
4. 	CCTP must take care to ensure circulation to the protruding organs.
5. 	Attend to ABCs.
6. 	Provide rapid transport.
D. 	Gastrointestinal obstruction and vomiting
1. 	Vomiting of bile is a surgical emergency until obstruction has been ruled out.
2. 	Congenital gastrointestinal obstruction should be considered when extra amniotic fluid is present.
3. 	Esophageal atresia is suspected when the infant presents with increased salivation and chokes on feeding. 
a. 	Vomitus is never bile-stained with this condition.
b. 	Infant develops respiratory distress from aspiration
c. 	Diagnosis is further substantiated by inability to pass a nasogastric tube to the stomach
d. 	A chest radiograph is needed to confirm diagnosis.
e. 	Note the presence or absence of air in the stomach.
f. 	During transport, elevate the infant’s head, place a suction catheter in the upper pouch, and provide intermittent suction.
4. 	Proximal intestinal obstruction is an obstruction at or above the level of the jejunum.
a. 	Obstruction may be complete or partial.
b. 	Symptoms include bilious vomiting, lack of abdominal dilation, and bloody or mucoid stools.
c. 	There is an increased incidence of this condition in babies with trisomy 21 (Down syndrome).
5. 	Midgut volvulus
a. 	This involves twisting of the entire midgut on the superior mesenteric artery pedicle.
b. 	The condition must be addressed surgically and may be fatal.
6. 	Distal intestinal obstruction refers to the partial or complete obstruction of the distal small bowel.
a. 	Clinical presentation includes a distended abdomen, failure to pass meconium within 48 hours, and vomiting.
7. 	Imperforate anus is a congenital condition where the anal opening is absent or displaced. 
a. 	Diagnosis is done in the delivery room.
b. 	Infant is usually symptomatic.
c. 	A delay in diagnosis can lead to abdominal distension and perforation.
d. 	Maintain NPO status, establish IV access, administer maintenance IV fluids, place nasogastric tube, and provide intermittent suction.
8. 	Hirschsprung’s disease is a congenital anomaly in which a portion of the intestine lacks ganglion cells.
a. 	Normal peristalsis does not occur, and stool backs up.
b. 	Signs include decreased stooling, abdominal distension, and shock.
E. 	Acute intestinal perforation
1. 	This can be caused by an obstructed bowel or by necrotizing enterocolitis (NEC).
2. 	It may occur by a suprapubic bladder aspiration or paracentesis, or it may occur spontaneously. 
3. 	Symptoms include progressive abdominal distension, respiratory distress, hypotension, and acidosis. 
4. 	NEC presents with abdominal distension, respiratory distress, hypotension, and acidosis.
F. 	Hematemesis and bleeding from the rectum
1. 	Bleeding from the upper gastrointestinal tract may be seen in a nasogastric tube aspirate or be associated with vomiting.
2. 	Blood is generally bright red.
G. 	Volvulus is an abnormal twisting of the intestine.
1. 	It can lead to gangrene.
2. 	It is a surgical emergency.
3. 	If suspected, keep the patient at NPO status (nothing by mouth), establish IV access, begin maintenance fluids, decompress the intestines with a nasogastric tube, provide low, intermittent suction, and expedite transfer to a surgical center.
H. 	Intussusception
1. 	Intussusception is the telescoping of one segment of intestine into an adjacent portion of the intestine.
2. 	This is the most common cause of intestinal obstruction in children between 3 and 6 months of age.
3. 	The condition presents with the passage of bloody stool.
I. 	Diarrhea
1. 	Diarrhea is unusual in a neonate because the infant still has maternal immunoglobins that help ward it off.
2. 	Maintain infant at NPO status, provide IV access, and fluid resuscitation.


VIII. Infectious Diseases/Sepsis
	Time 3 Minutes
	Slide: 118–119
	Lecture/Discussion
A. 	Neonatal immune systems are not fully developed.
B. 	Signs of infection include decreased activity, hyperthermia, hypoglycemia, poor perfusion, low blood pressure, and apnea.
C. 	Viruses can also be dire emergencies in neonates.
D. 	Regardless of cause, it is important to support the infant’s cardiorespiratory rate and provide fluid resuscitation if signs of shock are present.
1. 	Monitor body signs and maintain normal body temperature.
	

IX. Hyperthermia/Hypothermia
	Time: 3 Minutes
	Slides: 120–121
	Lecture/Discussion
A. 	Hyperthermia is usually caused by overbundling or exposure to excessive heat.
B. 	It can also be seen with a herpes simplex infection.
C. 	Hypothermia occurs in all climates, but is more common in the winter months.
D. 	Infants have an increased surface area-to-volume ratio, making them extremely sensitive to environmental conditions.
E. 	Preventative measures include warming hands before touching the baby, using prewarmed blankets and equipment, and placing a cap on the neonate’s head.
F. 	A critically ill neonate, once stabilized, should be placed in a prewarmed incubator or covered with warm blankets for transport.
G. 	Maintain infant at the lower margin of normal temperature (97.5°F [36.4°C]).
	
X. Toxic Exposure
	Time: 3 Minutes
	Slides: 122–123
	Lecture/Discussion
A. 	Most toxic exposures in neonates are from transplacental exposure or purposeful administration by another individual (another child).
B. 	Manage ABCs
C. 	Obtain IV access.
D. 	Obtain history and medical exam.
E. 	If respiratory depression is caused by acute exposure (narcotics during labor), naloxone can be administered to reverse the narcotic effect.
F. 	If the mother is a chronic user, naloxone can precipitate seizures.
G. 	Work with medical center or poison control center.


XI. Trauma/Birth Injuries
	Time: 12 Minutes
	Slides: 124–131
	Lecture/Discussion
A. 	Head and neck injuries
1. 	Most birth injuries self-resolve and are not fatal.
2. 	Vacuum caput is an accumulation of fluid at the site of the vacuum extractor and usually resolves within hours.
3. 	Caput succedaneum is a subcutaneous collection of fluid in the scalp resulting from pressure on the baby’s head during delivery. 
4. 	Serious head and neck injuries
a. 	Subgaleal hematoma can present as an ill-defined mass in the dependant region of the head.
i. 	Significant blood loss can occur, and the infant may present with shock and acute renal failure.
b. 	Cephalohematoma is a subperiosteal collection of blood and may be accompanied by a linear skull fracture.
i. 	This usually resolves in a few months with resulting calcification.
c. 	A skull fracture may present with a slight depression in the skull.
5. 	Management of head and neck injuries is based on presentation.
B. 	Nerve injuries
1. 	Nerve injuries occur because of hyperextension or overstretching during delivery.
2. 	Most injuries do not require immediate treatment.
3. 	Nerve injuries that do need treatment include recurrent laryngeal nerve injury, which can interfere with vocal cords and breathing.
4. 	Vaginal breech delivery is the greatest risk factor for spinal cord injury.
a. 	It frequently presents with a loud snap at delivery.
b. 	If suspected, immobilize the head and restrain the infant.
C. 	Bone and other injuries
1. 	The clavicle is the most common fracture seen in a newborn. 
a. 	It may be accompanied by a pneumothorax.
b. 	Risk factors include a large infant, shoulder dystocia, and instrumentation during delivery.
c. 	A fractured clavicle doesn’t usually need treatment; it heals with limited arm motion in 7 to 10 days.
2. 	For fractures of the humerus or femur, splint the limb and transport the patient to an appropriate facility.
3. 	Intra-abdominal injuries are rare, but they often present as shock and bluish discoloration of the abdominal wall.
4. 	Soft tissue injuries, including abrasions and lacerations, need routine care.
D. 	Abuse/maltreatment
1. 	Shaken baby syndrome is the most common cause of death in cases of child abuse.
a. 	Shaking a baby can cause tearing of bridging veins in the brain.
b. 	There are often no symptoms upon physical exam.
c. 	Condition should be suspected in a previously well infant who presents with nonspecific signs such as feeding intolerance, irritability, and vomiting. 
d. 	Severe cases may present with seizures or apnea secondary to intracranial hemorrhage.
2. 	Other signs of maltreatment include blunt trauma to the abdomen, burns, bruising, and skeletal injuries. 
a. 	Management is based in presentation.
b. 	Goal is to stabilize the infant and transport it safely to a treatment center


XII. Neurologic Conditions
	Time: 14 Minutes
	Slides: 132–140
	Lecture/Discussion
A. 	Seizures
1. 	A lot of newborn motor activity is mistaken for seizures.
2. 	It is important to make a distinction between seizures and other neurologic behaviors like jitteriness. 
3. 	Seizures represent a medical emergency because they are often evidence of an underlying condition.
4. 	Seizures may interfere with cardiac function, feeding, and metabolic function.
5. 	Seizures may contribute to brain injury.
6. 	Types of seizures
a. 	Subtle seizures are characterized by apnea, eye deviation, blinking, sucking, and peddling movements of the legs.
b. 	Tonic seizures are characterized by tonic extension of the limbs.
i. 	Full flexion of the limbs is also possible.
ii. 	Most common in premature infants
c. 	Clonic seizures are characterized by local jerking.
i. 	Occur in full term and premature infants
d. 	Myoclonic seizures are characterized by flexion jerks of the upper and lower extremities.
7. 	Causes of seizures include hypoxic ischemic encephalopathy, intercranial hemorrhage, intracranial infections, developmental defects, hypoglycemia, hypocalcemia, and metabolic disturbances.
8. 	Treatment
a. 	Hypoglycemia must be recognized and addressed quickly.
b. 	Blood glucose level should be rechecked every 30 minutes.
c. 	Apnea may require intubation and ventilatory support during transport.
d. 	Phenobarbital (Luminal) and phenytoin (Dilantin) are two anticonvulsants used for neonates. Both should be used under a physician’s supervision.
B. 	Jitteriness
1. 	Jitteriness is often confused with seizures. 
2. 	It is characteristically a disorder of the newborn, and it is rarely seen in older babies.
3. 	Jitteriness is often seen with hypoxic ischemic encephalopathy, hypocalcemia, hypoglycemia, and drug withdrawal. 
C. 	Hypoxic ischemic encephalopathy (HIE)
1. 	This condition is an injury resulting from oxygen deprivation or decreased perfusion to the brain.
2. 	Redistribution of blood occurs during prolonged asphyxia, with more cardiac output being delivered to the vital organs at the expense of the less vital organs. 
3. 	Multiple organ dysfunction is common after HIE and may influence the eventual outcome of the infant.
4. 	HIE is the most common cause of seizures in term and preterm infants. 
5. 	Time of onset is usually within 3 days after birth.
D. 	Lethargy
1. 	This is a decreased level of consciousness (unable to arouse) that can be caused by many conditions.
2. 	Lethargy almost always implies a serious or life-threatening condition.
3. 	Common causes include sepsis, severe hypoxia, severe hypoglycemia, intracranial hemorrhage, and hypoxic ischemic encephalopathy.


XIII. Metabolic Conditions
	Time: 11 Minutes
	Slides: 141–147
	Lecture/Discussion
A. 	Hypoglycemia
1. 	A blood glucose level of less than 40 mg/dL is a medical emergency. 
2. 	In severe cases, it can lead to brain damage or death.
3. 	It is common in infants who are large or small for gestational age, infants of diabetic mothers, and infants who are stressed.
4. 	Signs of hypoglycemia include decreased activity, jitteriness, and seizures.
B. 	Hypocalcemia
1. 	This condition is most commonly seen in low birth weight babies and can occur after significant stress and in infants of diabetic mothers. 
2. 	Sever hypocalcemia can lead to cardiac arrhythmias, seizures, and involuntary muscle contraction.
3. 	Occurs at two specific periods
a. 	2 to 3 days after birth
b. 	Seen in infants who consume cow’s milk or synthetic formulas that are high in phosphorus
4. 	For infants younger than 24 hours, administer an IV infusion of 2 to 3 mEq/kg/d of calcium D10W during transport. 
5. 	If infant is older than 24 hours, and has normal renal function, administer 10% dextrose in 0.25 normal saline with 10 mEq/kg of potassium chloride in 500 mL during transport.
C. 	Inborn errors of metabolism
1. 	This is a class of genetic diseases that is mostly due to the defects of single genes that code enzymes that facilitate conversion of various substances into others.
2. 	There are many kinds of inborn errors of metabolism, but they are relatively rare.
3. 	If suspected, enteral feeding should be stopped, and a glucose infusion started before transport. 
D. 	Congenital adrenal hyperplasia results from a defect in the synthesis of cortisol. 
1. 	An infant may have problems with salt loss and other abnormalities.
2. 	An infant experiencing salt loss can present with dehydration and shock.
3. 	Acute treatment includes normalizing electrolytes and fluid balance, and initiating hydrocortisone replacement after consultation with a physician.


XIV. Transfer Process for a Neonate
	Time: 3 Minutes
	Slide: 148–149
	Lecture/Discussion
A. 	Physician at the referring hospital initiates request for transport.
B. 	Mode of transportation is chosen depending on the patient’s status, distance, availability of services, and weather.
C. 	Transport team is mobilized, including communication of relevant information to CCTP.
D. 	Equipment is assembled.
E. 	Transport team members might include a health care provider with specialized training in dealing with neonates, a respiratory therapist, etc.
F. 	For critically ill patients, a physician may be on the transport team.
G. 	Upon arriving at the medical center, the transport team helps with further stabilization of the infant.
H. 	If a contagious disease is suspected, transport personnel should take adequate safety precautions.


XV. Using an Incubator
	Time: 5 Minutes
	Slides: 150–152
	Lecture/Discussion
A. 	Skill Drill 22-4: Using an Incubator
1. 	Plug in the AC power cord.
2. 	Set the main AC power switch. Make sure incubator is charged.
3. 	Depress the controller switch. Check that the power failure alarm and AC/DC power mode light up, and that the various alarm lights flash. The set point indicator should light, and the centigrade reading should indicate 91.4°F (33°C) for 15 seconds.
4. 	Check and adjust the set point temperature to 100.4°F (38°C). Do not block or cover the end portions of the incubator.
5. 	Check the oxygen and air tanks. All tanks should read 2000 psi.


XVI. Family Communication and Support
	Time: 2 Minutes
	Slide: 153
	Lecture/Discussion
A. 	Maintain open communication with the family about what is being done and why.
B. 	Do not be specific about the baby’s chances for survival.
C. 	If the family members have questions you cannot answer, say so.


XVII. Flight Considerations
	Time: 3 Minutes
	Slides: 154–155
	Lecture/Discussion
A. 	Airway
1. 	Establish a secure airway before takeoff.  
a. 	If intubation during flight is necessary, pay special attention to adequate ventilation and endotracheal tube position.
B. 	Circulation
1. 	Alternative methods of monitoring circulation such as feeling for cardiac movement or watching for pulsation on a clamped umbilical cord are helpful.
C. 	Oxygenation
1. 	Because of decreased partial pressure at high altitudes, more oxygen may be needed to maintain oxygen saturation.
D. 	Temperature
1. 	Extra care should be taken to avoid hypothermia.



