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Neonatal / Pediatric 
Respiratory Care Specialty 

Introduction 

• The Neonatal/Pediatric Respiratory Care Specialty
Examination is designed to objectively measure
essential knowledge, skills, and abilities required
of respiratory therapists in this specialty area.

• Achievement of the RRT credential is required for
admission to the Neonatal / Pediatric Specialty
Examination.
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Neonatal Pediatric Respiratory Care Specialty 
NPS Exam 

• The examination consists of 140 multiple-choice questions (120 scored items and 20
pretest items).

• Three major content areas: clinical data, equipment, and therapeutic procedures.
Candidates will be given three hours to complete this examination.

Frequently asked NPS Exam Questions 
• Can I schedule the NPS exam on-line?

- Yes, if you are already approved to take an NBRC examinations and all fees are paid,
you may schedule online.

• When can I take the NPS exam?
- NBRC Examinations are administered by computer on a daily basis (Monday-

Saturday) at over 170 Assessment Centers across the country.

• How long does it take to process my application?
- If applying and paying by credit card online, your application is processed immediately.

If mailing your application and fee to the NBRC, your application will be processed
within approximately two weeks after receipt by the NBRC and a confirmation notice
of your eligibility will be sent to you.

What type of question format can I expect? 
• Questions on the Neonatal Pediatric Examination are made up of three mains parts:

- stem
- key
- set of distracters

• The stem is the statement or questions to which candidates respond.
• The key is the right answer as defined by the examination committee and content experts.
• In some cases, the key should be considered as the BEST answer meaning that while other

choices may also be correct, they are not the best choice.
• The distracters are the wrong answers that are meant to be plausible but wrong.
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What category of questions can I expect? 
• The three cognitive level included in the NRBC exam are:

- recall
- application
- analysis

• Recall items are typically items that depend on memorization.
• Application items usually involve some type of calculation or manipulation of

information.
• Analysis items are more complex, items often focus more on what NPS should do rather

than just what they know.

EXAM CONTENT 

I. Select, Review, Obtain, and Interpret data
A. Review existing data in the patient record
B. Collect and evaluate additional pertinent clinical information
C. Recommend procedures and modifications

II. Address Equipment Issues
A. Select, assemble, and troubleshoot equipment
B. Perform quality control and calibration procedures

III. Initiate, Conduct, and Modify Prescribed Therapeutic Procedures.
A. Communicate with healthcare team, patient, and family
B. Conduct therapeutic procedures
C. Evaluate the patient’s response to respiratory care
D. Recommend modifying the respiratory care plan based on the patient’s response
E. Modify therapeutic procedures based on the patient’s response
F. Conduct techniques in an emergency setting and assist the physician
G. Initiate and conduct pulmonary rehabilitation and home care
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Maternal, Neonatal, and 
Pediatric General Assessment 

 
 
 

 
 
 

 
 

Objectives 
- Explain fundamentals of maternal, neonatal, and

pediatric assessment
- Explain treatment of common newborn disorders
- Discuss assessment of gestational age
- Review assessment of blood gas values
- Review laboratory values
- Explain treatment of pediatric disorders
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Maternal, Neonatal, and Pediatric Assessment 

Maternal Assessment 
• Signs and Symptoms of Pregnancy

Presumptive:
Nausea and vomiting 
Fatigue 
Amenorrhea 
Breast tenderness and enlargement 

Probable: 
Chadwick’s sign 
Braxton-Hicks Contractions 
Pregnancy tests 

Positive: 
Fetal heart beat 
Fetal movement 
Ultrasonography results 

• Estimated Delivery Date
Naegele’s Rule:

Assumes a gestational age of 280 days at birth. Determine the first day of the last 
menses. Subtract 3 months from the first day of the last menses and 
add 7 days.   Example: October 6th – 3months = July 6th + 7days = July 13th 

Obstetrical History 
Assessment Points: 

• First day of last menses
• History of multiple births, congenital disease
• Past and current problems
• Use of prescription drugs
• Rubella titer
• Screen for blood type and Rh compatibility

Hemolytic Disease 
• Occurs when the blood groups of the mother and the newborn differ.
• ABO incompatibility occurs if fetus has A, B, or AB blood types and the mother has type O.
• Rh incompatibility is a condition that occurs during pregnancy if a woman has Rh -negative 

blood and her baby has Rh + positive blood.
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Obstetrical History
• Summarizing Pregnancy Information:

Gravida: total number of pregnancies 
Para: number of pregnancies that reached the age of viability 
Abortion: spontaneous or induced 
Term: born at 37 or more weeks 

Example: “G4, P3, Ab1” represents a woman who has been pregnant 4 times, has 
had 3 deliveries after 24 weeks and 1 abortion. 

T:  represents the number of term births regardless of their outcome 
P:  represents the number of preterm births occurring before 37 weeks gestation 
A : represents the number of abortions, both elective and miscarriages 
L : represents the number if living children at the time the history is   
    being obtained. 

Example:  A mother has had 3 previous pregnancies and delivered 2 term 
children and 1 child at 30 weeks gestation. She is Gravida 3 with a TPAL  
of 2-1-0-3. 

Factors Contributing to Complications and High-Risk Status 
• Under 17 and over 40 years old
• History of two or more preterm deliveries or spontaneous abortions
• History of placental abnormalities
• Lack of prenatal care
• Heart disease or maternal hypertension
• Poor diet with deficiencies in Iron, Folic Acid, and Protein
• Abruptio placentae (abnormal separation of the placenta from the

uterus)
• Obesity, requires screen for gestational diabetes early in pregnancy
• Diabetes Mellitus:

- Fetus usually large for gestational age due to increased amounts of insulin.
- Infants of diabetic mothers have increased risk for macrosomia and congenital

anomalies.

Other Concerns: 
• Pre-eclampsia: Marked by high blood pressure, protein in urine, and swelling of extremities.

• Eclampsia: Seizures, can lead to serious fetal illness or death.
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• Substance abuse:
Low birth weight, low serum bilirubin, congenital abnormalities.

• Fetal alcohol syndrome:
CNS dysfunction, growth impairment, increased risk of teratogenesis

• Placenta Previa:
Placenta implants lower in the uterine segment and encroaches on the internal cervical os:

• Cigarette smoking: Intrauterine growth retardation and low birth weight.

- Low implantation
- Partial previa
- Total placenta previa

- Limit activity
- Monitor vital signs
- Provide emotional support

• Abruptio Placenta:
- Refers to the premature separation of the placenta from the uterine wall.

          Detached Normal

• Management:
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Mild:
Begins with small areas of separation and internal bleeding. 

Moderate:
May develop abruptly and progress to extensive separation and external  hemorrhage. 

Severe:
External hemorrhage, shock and possible fetal cardiac compromise

 Abruptio Placentae Management: 

• . luid and electrolyte replacement
• Monitor maternal vitals, contractions and fetal heart rate

– Monitor blood loss
– Blood replacement
– Have emergency C- section equipment readily available, emotional support

TORCH Infections: 
• TORCH infections refer to a group of maternal infectious diseases transmitted

during pregnancy or delivery.

Toxoplasmosis 
Others (ie. syphilis, varicella, mumps, parvovirus, and HIV)
Rubella 
Cytomegalovirus 
Herpes Virus II (Herpes Simplex)

Syphilis is also transmitted across the placenta. May result in spontaneous abortions, low 
birth weight, stillbirths and other untoward outcomes. 

Infections acquired during or after birth (Perinatal): 
• Group B Streptococcus
• Gonorrhea
• Meningitis
• Pneumonia
• Neonatal infections can result in fever or hypothermia

Antenatal and Intrapartum Considerations: 
• Antenatal:

Occurring or existing before birth, like “antenatal care”.
• Intrapartum:

Occurring during childbirth or during delivery, "preterm labor".
• Amniocentesis:

Needle is inserted through the abdomnal wall into the amniotic sac.
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Amniocentesis fluid used to test for: 

• Premature Rupture of Membranes (PROM):
- Management in a term pregnancy (within 24 hours of membrane rupture) labor is
usually induced with oxytocin.

- In preterm pregnancy of < 34weeks, patient is usually hospitalized, and is
observed for signs of infection.

• Cesarean section:
Associated with Transient Tachypnea of Newborn (TTN).

• Local vs. General Anesthesia:
- Local or epidural anesthesia injected into spinal fluid.
- General anesthesia may lead to neonatal respiratory depression.

Forceps:
• Outlet forceps delivery is forceps-assisted delivery performed when the baby’s scalp is

visible at the vaginal opening.

• Low forceps delivery is forceps-assisted delivery performed when the baby’s head is at
+2 station or lower.

• L/S ratio (lung maturity)
• Bilirubin, increased with Rh incompatibility

12



• Mid-forceps delivery is forceps-assisted delivery when the baby’s head is above +2
station.

• High forceps delivery would be a forceps-assisted vaginal delivery performed when the
baby’s head is not yet engaged. These types of delivery are not performed in modern
practice.

Antenatal and Intrapartum Considerations: 

• Meconium:
- More common in term and post term. Staining indicates increased risk fetal

distress / aspiration.
- Suction mouth if indicated. Complications if meconium aspirated below

vocal cords.  Routine intubation and tracheal suction of all infants with
meconium stained fluid does not decrease incidence of MAS.

- Positive pressure ventilation is indicated for non-vigorous infants if apneic
or HR < 100 bpm.

- Postural drainage and percussion if indicated.

• Corticosteroid Administration:
- Antenatal steroids may be administered 24-48 hours prior to delivery to

accelerate lung maturation.
- Indications include premature labor and maternal diabetes.

Fetal Presentation: 
• Cephalic (Vertex): Normal head first
• Breech:

- Complete: Buttocks and lower extremities
- Frank breech: Buttocks
- Incomplete:  Lower extremities
- Transverse: Shoulder
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Moro Reflex: Up to 4- 5 months of age 
- 3 distinct components in response to loss of support:

1. Abduction
2. Adduction
3. Crying

Gestational Age:  Measured in weeks starting from first day of last menstrual cycle to current 
date.  

• Preterm: <37 
• Term: 37-42
• Post-term: > 42

Term Infant (weight classification): 
• Large for gestational age (LGA): ≥ 4000g or 8.82 pounds
• Appropriate for gestational age (AGA): 2500-3999g or 5.51-8.81 pounds
• Small for gestational age (SGA):<2500g or 5.51 pounds
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Dubowitz and New Ballard Scores:
Determines gestational age through assessment of 6 physical and six neuromuscular 
characteristics. 

• Evaluate neuromuscular and physical maturity
• Add up the individual scores to estimate gestational age
• A Dubowitz score of 0 equals 24 weeks, 15 = 30 weeks, and 40 = 40 weeks.
• Ballard is similar, may be preferred when gestational age is less than 30 weeks

Assessment of neuromuscular maturity within 24 hours of delivery, physical in 2 hours. 

Assessment of Neuromuscular Maturity: 

Assessment of Physical Maturity:
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Ultrasound and Gestational Age:

• The earlier the ultrasound is done, the more accurate it is at estimating the
baby's due date.

• Ultrasounds preformed during the first 12 weeks of pregnancy are generally
within 3 - 5 days of accuracy.

• The most accurate time is between 8 - 11 weeks gestation.
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APGAR Scoring: Occurs in the delivery room at 1 & 5 minutes after birth and at 
5-minute intervals for up to 20 minutes for infants with a score of < 7.

APGAR – Treatment Based on Depression Score 

Severe (0-3) Moderate (4-6) Normal (7-10) 

Airway patent, suction, remove 
foreign matter 

Bag mask ventilation 

Compression if HR <60 after 30 
seconds of BVM 

*Full resuscitation.
Observe closely for ≥ 24 hrs.

Airway patent, suction 

B 30-40% oxyhood and 
observe for 24hours 

C if HR <100 BVM Monitor 
HR continuously 

D. Reevaluate in 5 minutes

⃰May stimulate by gentle 
tapping of feet or back rub

Airway patent, suction 

B Monitor vitals 

C Routine post-delivery 
   care 

⃰Maintain neutral thermal 
environment 
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APGAR – Case Example: 
You are collecting the 1 minute APGAR score on a male newborn. You note the HR is 140 bpm. 
With nasal suction the baby coughs, sneezes, and cries. His skin is pink with slightly blue hands. 
There is some flexion of arms & legs. While assessing the newborn moves & cries vigorously. 
What is the APGAR score? 

A P G A R 

1 2 2 1 2 Score =8 

Silverman Anderson Score: Evaluates retractions of premature infants. A 
score of 0 indicates adequate ventilation. A score of 10 indicates severe respiratory 
distress. 

Feature Score 0 Score 1 Score 2 

Upper chest Equal Lag See-saw 

Lower chest 
Retractions 

None Minimal Marked 

Xiphoid Retractions None Minimal Marked 

Nasal Flaring None Minimal Marked 

Expiratory Grunting None Stethoscope Audible 

Assessment of Body Temperature 
Normal (in centigrade): 

Assessment of Blood Pressure and Heart sounds: 
Blood Pressure Measured in mmHg: 

• 3000g - 65/40
• 2000g - 60/35
• 1000g - 50/30

• Skin: 36.0 - 36.5
• Rectal: 36.5 - 37.2
• Tympanic: 36.5 - 37.0
• Axillary: 36.5 - 37.2
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Heart sounds: 

• The first and second heart sounds (S1 and S2) are normal.
• S1 is the sound resulting from closure of the mitral and tricuspid valves. It is best heard at the

lower left sternal border.
• S2 is the sound resulting from the closure of the aortic and pulmonary valves. It is best heard

in the upper left sternal border.
• S3 and S4 are always abnormal and may indicate heart failure. Consider ultrasound

evaluation.
• Murmurs also associated with PDA and VSD.

Age Classification: 

Neonate: 
Infant: 
Child: 

Birth to 30 days 
≤ 1 year 
1 - 12 years  

Adolescent: 12 - 17 years 

Neonatal Arterial Blood Gas Values 
Preterm Term 

pH  7.20 - 7.24 7.30 - 7.40 

PaCO2  (mm Hg) 45 - 55 30 - 40 

PaO2   (mm Hg) 45 - 55 60 - 90 
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Capillary (arterialized) Blood Samples: 
• May be used to determine pH and pCO2 values, not pO2.

• Not a reliable indicator of oxygenation.
• Heal is the most common site for puncture and is heated for about 5 minutes with warm

and wet cloth.
• Puncture with lancet on lateral surface (side) of heal.
• Do not squeeze heal.
• Sample collected in capillary tube.

Electrolyte Values for Full-Term Newborns: 
133-146 mEq/L
100-115 mEq/L
4.6- 6.7 mEq/L
19-24 mEq/L

• Sodium (Na+):
• Chloride (Cl-):
• Potassium (K+):
• Bicarbonate (HCO3-):

Complete Blood Count (CBC): 

RBC 

Hb 

HCT 

WBC 

4.1-5.6 million/ cu mm 
Polycythemia vs. Anemia 

12.5-18.6 gm/dl 
Carries 1.34 ml O2/ gm of Hb 

37.5-56.0% 

6,800-14,500 per cu/mm 
Elevated levels (up to 30,000 cu/mm) acceptable during first days of life 
and usually falls to normal value over first week. 
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Neonatal Lab Values: 

Bilirubin (mg/dl):
• Normal range 1-12
• Measure if jaundice is observed
• Increased with hemolytic disorders
• Treatment includes phototherapy, fluids, and vitamin E
• Exchange transfusions if Kernicterus suspected

Glucose (mg/dl): 
• Normal 55-125 mg /dLin term infants
• Hyperglycemia - consider septicemia, intrauterine stress or cord compression
• Hypoglycemia - consider elevated insulin or cold stress

Serum Protein and albumin: 
• Decreased with IV fluid, cystic fibrosis
• Increased with sarcoidosis

Sputum Analysis: 
• Normal: Clear
• Pulmonary edema: Frothy Pink
• Bacterial infection: Yellow/ Green
• Gram Negative Bacteria: Green
• Brown: Old blood, consider gastric origin
• Bright red: Hemoptysis

Neonatal Lab Values – Lung Maturity 

Lecithin/ Sphingomyelin: 
• Amniocentesis derived
• Value less than 2:1 means high risk
• Unreliable with maternal diabetes or Rh incompatibility

Shake Test: 
• Amniotic fluid mixed with ethanol alcohol
• Foam or bubbles is a positive indicator of surfactant

Phosphatidylglycerol (PG): 

• Present at 35 weeks gestation and increases. PG and amniotic fluid ≥ 2.0 mg/ml
corresponds to complete clinical maturity.

• Reliable indicator of lung maturity even with maternal diabetes and drug
addiction, etc.
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Neonatal Lab Values - Kidney Function Assessment: 

⃰

* A 3.5 kg infant should have a urine output of (3.5 x 2) = 7 ml per hour.

Assessing General Appearance: 

Inspection: 
Factors to evaluate include:

1. Cry - strong vs. weak
2. Color – cyanosis
3. Respiratory rate – bradypnea (< 30 bpm) or tachypnea (> 60 bpm)
4. Activity level – assess with APGAR score
5. Edema – subcutaneous vs. pulmonary
6. Perfusion – capillary refill >3 seconds, hypotension

Nasal Flaring, Grunting and Retractions: 

• Nasal Flaring: results in enlarged nostrils and reduced resistance to airflow.
• Grunting: is expiration against a partially closed glottis.
• Retractions: scored with Silverman Anderson system.

Patients with poor renal function are at risk for over accumulation of waste 
products and electrolytes. BUN and creatinine are indicators of renal function.

• Blood Urea Nitrogen (BUN): 4-17 mg/dl
•
•

Creatinine:
Urine Output:

0.11-0.68g/ 24 hours 
2 ml/kg/hour. ⃰

22



Weight 

Other assessment concerns: 
• Presence of jaundice - consider bilirubin elevation
• Abdominal distention - consider fluid or over inflation
• Excessive oral secretions associated with esophageal atresia
• Venous distention may indicate fluid overload
• Scaphoid abdomen associated with diaphragmatic hernia

• Needs to be recorded on a growth chart
• Newborn may lose up to 10% birth weight in first 3-4 days of life
• Gains about ½ to 1 oz. per day, after that too much or too little weight gain

needs  to be further investigated
• Nutritional counseling
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Palpation 
Pulses: 

• Should be checked on all four limbs if cardiac disease is suspected.
• Bounding pulses indicate increased cardiac output and is associated with R-L shunt,

patent ductus arteriosus, or heart defect.
• Weak pulses suggest hypovolemia, shock, etc.
• Umbilical cord used during delivery, not carotid or brachial.
• Brachial artery for <1 year
• Carotid artery for >1 year

Pulsus paradoxus describes pulses that are weaker on inspiration and stronger on expiration. 

• Associated with air trapping, pneumothorax, pericardial tamponade,
pleural effusion, etc.

Pulsus Alternans describes alternating strong and weak pulses and indicates heart failure. 

Chest Movement 

Symmetry of chest assessed at nipple line 
Asymmetry of chest associated with: 

• Right mainstem intubation
• Diaphragm paralysis
• Herniated diaphragm
• Pneumothorax
• Atelectasis
• Pneumonia
• High frequency oscillation: Chest “wiggle” instead of normal excursion

Tracheal position: 

Pushed away from Pathology Pulled to Pathology 
1. Space occupying tumors (neck, thyroid) 1. Atelectasis
2. Diaphragmatic hernia 2. Paralysis of the diaphragm
3. Tension pneumothorax 3. Pneumonectomy
4. Pleural effusion 4. Pulmonary fibrosis

Percussion: 

Procedure:  The middle finger of one hand is placed between two ribs. Then tap the middle 
finger’s joint with the middle fingertip of the opposite hand. 

⃰ Diaphragmatic hernia results in dull percussion sounds. 



Emitted Sounds: 
• Resonance - normal over aerated lung fields
• Flat/ Dullness     - atelectasis or solid organ
• Tympany - stomach or fluid filled structure or cavity
• Hyperresonance  - pneumothorax

Auscultation: 

Diaphragm vs. Bell

The diaphragm is best for higher  pitched sounds, like breath sounds and  normal heart sounds. 

The bell is best for detecting lower  pitch sounds, like some heart murmurs, and some bowel 
sounds. 

Breath Sounds: 

• Assess with warmed bell side of neonatal
stethoscope

• Compare and contrast side to side, posterior and
anterior

• Wheezing - High pitched sounds, may be heard on
inspiration and expiration, louder on expiration.
Associated with asthma, BPD and HMD.

• Rhonchi:
Large airway secretions, low pitched sounds. Treatment includes
suctioning and directed coughing.
Grunting and Stridor may be heard without a stethoscope

• Rales:
- Fine rales result from atelectasis, pulmonary edema, and related. Treat

with diuretics and CPAP.
- Medium rales result from secretions in the medium sized airways.
Treat with secretion mobilization techniques (CPT, PEP, HFCWO).
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Chest Radiography (CXR) 

Basics: 
• CXR is the primary imaging modality of

diagnosing respiratory disease in the neonate.
• Both hemidiaphragms should be domed

(rounded).
• Right side should be slightly elevated over the

left due to liver.
• Trachea should be midline and sharp

costophrenic angles noted.
• Clavicles should be level.
• Anteroposterior (AP): Radiograph in which the

beams pass from front-to-back. Use for
inpatients, laying.

• Posteroanterior (PA): Radiograph in which the
beams pass from the back-to-front. Use for
outpatients. standing.

• Lateral Decubitus: Patient is lying either left
lateral or right lateral. Use to identify pleural
effusions.

CXR - ETT 

• Infant uncuffed tubes placed between T2-T5
• Children with cuffed tubes, 2cm or 1inch above the carina

Procedures requiring CXR 
• Chest tubes placed in the pleural space

• Nasogastric tubes positioned in the stomach or small intestine, should be below the
diaphragm at T9-T10. If Nasogastric tube positioned higher, consider esophageal
atresia/ TE fistula or diaphragmatic hernia.

• Umbilical artery catheter positioned at L3-L4.

• Pulmonary artery catheters seen at right lower lung field.

• Central venous catheters are positioned in the vena cava or right atrium.

26



Pathology and CXR 

• IRDS described as ground glass, honey-comb, or reticulogranular infiltrates.
• Tension pneumothorax will have an absence of lung vascular markings.
• Esophageal atresia will show a termination of the esophagus.
• Pleural effusions are best demonstrated with lateral decubitus films, blunting of the

costophrenic angles noted.
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Review Questions 
1. An APGAR of 6 indicates?

a. Normal infant
b. Severe depression
c. Moderate depression
d. CPR indicated

2. The normal L/S ratio is _________.

3. The normal fetal HR is _________.

4. A pleural effusion is best demonstrated by:
a. lateral decubitus film
b. AP and PA films
c. A lateral neck film

5. Neonatal infection is commonly associated with:
a. Decreased respiratory rate
b. Finger clubbing
c. Hypothermia
d. None of the above

6. Which of the following is not associated with high risk delivery?
a. Maternal drug use
b. Maternal hypoxic event
c. Maternal cigarette smoking
d. Maternal prenatal care routinely performed

7. Premature rupture of the membranes increases your concern regarding the possibility of:
a. Jaundice
b. Meconium aspiration
c. Sepsis
d. Mucus plugging

8. A Ballard score of 40 correlates with a gestational age of approximately:
a. 10
b. 20
c. 30
d. 40

28



9. Weak femoral pulses may indicate:
a. Coarctation of the aorta
b. Patent ductus venosus
c. Atrial septal defect
d. Hypoplastic left heart

10. Pre-eclampsia is marked by high blood pressure, protein in the urine, and:
a. Nasal flaring
b. Swelling of the extremities
c. PDA
d. Pneumothorax

11. You are collecting the 1 minute APGAR score on a male newborn. You note the HR is
140 bpm. The baby cries, coughs, and sneezes with nasal suction.  His skin is pink,
including pink extremities. There is some flexion of arms & legs. While assessing the
newborn moves & cries vigorously. What is the APGAR score?

a. 9
b. 8
c. 7
d. 6

12. Antenatal steroids may be administered 24-48 hours prior to delivery in an effort to:
a. Increase amniotic fluid
b. Reverse breech presentation
c. Decrease the force of labor contractions
d. Accelerate lung maturation
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Answers 
1. c

2. 2:1

3. 120-160

4. a

5. c

6. d

7. c

8. d

9. a

10. b

11. a

12. d
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Pediatric 
Pathology 

Objectives 
• Review the identification of common pediatric

respiratory disorders
• Discuss treatment of common pediatric respiratory disorders
• Explain assessment fundamentals
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Pediatric Airway Considerations 

There are a number of characteristics that distinguish the pediatric airway from the adult 
airway. 

• The pediatric airway is smaller in diameter and shorter in length.
• The young chillds tongue is relatively larger in the oropharynx.
• The larynx in infants and young children is located more anteriorly.
• The epiglottis in infants and young children is relatively long, floppy. and narrow.
• Age and respiratory rate have an inverse relationship: The younger the child, the faster

the respiratory rate.
• The narrowest part pf the pediatric airway is the cricoid cartilage until age 5.
• The infant and pediatric airway resembles a funnel shape as compared to the cylinder

shape of the adult.
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Digital Clubbing 
• The angle of the nail beds is increased.
• Schamroth’s sign seen below.

 Absence of the sign means digital clubbing.

Neck Examination 
• Clinicians must position themselves directly in front of the patient during tracheal palpation to

ensure that the view is not directed more to one side than the other.
• Trachea should be palpated during a routine exam to determine a normal midline position.

Trachea deviation from the midline may suggest a problem with the thoracic cage.

Pediatric Assessment 
 Stridor – High pitched sounds associated with upper airway obstruction. May be caused by: 
• Epiglottis (Supraglottic swelling)
• Croup (Subglottic swelling)
• Foreign body aspiration (solids or fluids)
• Post extubation swelling

Treatment options: 
• Racemic epinephrine
• Suctioning and or bronchoscopy for secretions and foreign body aspiration
• Intubation for severe  or  marked airway swelling
• Cool aerosol , Humidified oxygen
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Pleural Friction Rub – Coarse grating or crunching sound  
• Inflamed surface of the visceral and parietal pleura rubbing together
• May be associated with pleurisy, TB, pneumonia, pulmonary infarction, and cancer.

Unequal (asymmetrical) chest wall movement may indicate: 
• Atelectasis
• Pneumothorax
• Flail chest
• Intubated with endotracheal tube in one lung

Pediatric Assessment of Thorax 
Normal A-P:  Normal diameter 
Pectus Carinatum: Anterior protrusion of the sternum 
Pectus Excavatum: Depression of part or all of the sternum 
Kyphosis:  Hunchback or convex spinal curve 
Scoliosis: Lateral curvature of the spine 
Kyphoscoliosis: Combination of both: Severe Restrictive Impairment. 

Respiratory Syncytial Virus (RSV) leading cause of lower respiratory tract infection
in young children, 4-5 million annually.
• Common during winter months (Dec-Mar)
• Affects children 3 months – 3 years of age primarily
• Most common organism causing Bronchiolitis and Pneumonia
• Initial clinical presentation:

- Low grade fever
- Cough
- Nasal discharge
- Dyspnea
- Chest retractions

• More pronounced in infants
- Premature

• Poor feeding habits
• Irritability
• Lethargy
• Mild to absent respiratory symptoms

• Can progress into lower respiratory tract and cause:
- Wheezing
- Rhonchi
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- Rales with tachypnea
- Cyanosis
- Hypoxemia

Treatment: 
• In majority of cases, infection is self-limited and does not require specific therapy.

• Oxygen therapy

• Bronchodilators

Palivizumab (Synagis)
- Prophylaxis for infants and children at high risk for severe RSV infection (premature,

congenital heart disease).
- Not a vaccine, rather a antibody injection given every 28-30 days

Virazole (Ribavirin) administered via small particle aerosol generator (SPAG) 

- Most severe cases
- Requires hospitalization
- 12-24 hours of continuous aerosol delivery (6 gm / 300 ml distilled water).

Epiglottitis Is a serious airway emergency that is potentially fatal. Rapidly progressive
bacterial infection of the epiglottis and surrounding tissues.  

• Sudden onset often within 2-4  hours
• Common in ages 2-5 years
• Bacterial (Hemophilus influenza) and transmitted via aerosol droplets
• Noninfectious cause, thermal burns
• Pediatric incidence falling due to HiB vaccination
• Can occur in adults, particularly in elderly
• Incidence in adults is increasing, decreasing in children

Clinical Presentation and Associations: 
• Drooling
• Sore throat
• Inspiratory stridor
• Jaw extended forward
• Tachypnea
• Fever (temperature >101.4 °F or >38.5 °C)
• Dysphagia (difficulty swallowing)
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  Normal Epiglottitis with “Thumb Sign” 

Lateral neck x-ray 
- Swollen epiglottis “Thumb Sign”
- Increased aryepiglottic folds
- Ballooning hypopharynx
- Thumb sign

Treatment/ Management 
• Avoid agitating the patient with acute epiglottitis.
• Visualizing epiglottis with a laryngoscope/ bronchoscope can cause spasm and complete

obstruction! Perform in OR if possible.
• Orotracheal intubation may be required with little warning. Equipment for intubation or

cricothyroidotomy, should be made available at the bedside.
• Antibiotics, Ceftriaxone is the antibiotic of choice.
• Administer supplemental humidified oxygen if possible.
• Dexamethasone or budesonide aerosols to limit pharyngeal edema.
• Extubation is considered once air is heard around ET tube (cuff leak test) and the epiglottis

inflammation is resolved.

Croup (Laryngotracheobronchitis) is acute inflammation of the upper and lower
respiratory tract.

• Viral infection (parainfluenza)
• Affects Larynx, Trachea, Bronchi
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• Viral croup affects children six months to 12 years of age, with a peak incidence at two
years of age.

• Increased incidence during Fall, early Winter

Clinical Presentation and Associations: 
• “Cold” progressing to hoarseness, cough, and fever
• Night-time increase in edema with: Stridor “Seal bark”, cough, respiratory distress, and

cyanosis.
• AP neck X-Ray “steeple sign.” Shown here →

Treatment / Management 
Mild croup 
If Stridor occurs during exertion but not at rest 

• Cool mist via vaporizer
• Administer safely at home

Moderate croup 
• Hospitalization needed
• O2 mist tent (30-40% O2)
• Racemic epinephrine (HHN)

(Don’t wake child for treatments) 
• Corticosteroids may be helpful, dexamethasone.
• Plenty of rest

Severe croup 
• Inspiratory and expiratory stridor at rest
• Intercostal and suprasternal chest wall retractions
• All the same treatments for mild to moderate
• Child is admitted to the ICU
• Intubation may be indicated for severe or marked stridor

Foreign Body Aspiration 
Highest cause of death for children under 6 years old 
• Greatest incidence is among 6 months and 3 years old.
• Small objects (Pieces from toys, marbles, coins, beads, nuts, etc.).
• Finger sweeping mouth is not recommended.
• Flexible or Rigid bronchoscopy for diagnosis and removal of foreign body.
• Lateral neck and CXR indicated.
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Cystic Fibrosis is an inherited disease is exocrine glands affecting primarily the lung and GI
system.  

• Normal presentation at birth then develops breathing problems or not able to gain weight in
the first 4-6 weeks.

• One of the first signs of CF is poor growth.
• Condition may not be apparent until a child has had repeated lung infections or severe growth

problems.
• Meconium ileus is obstruction of the terminal ileum by abnormally tenacious meconium; it

most often occurs in neonates with cystic fibrosis.

Newborn CF Screening 

• The first step of newborn screening is a blood test
• Performed a couple of days after birth
• The screening test for CF looks for elevated levels of a substance called Immunoreactive

Trypsinogen (IRT), which is an enzyme secreted by the pancreas.
• Infants born with cystic fibrosis often have high levels of IRT in their blood, but other

conditions can also cause the enzyme to be elevated.

Diagnostic Test 

• Sweat Chloride Test- Standard diagnostic test for CF
• Usually given after enough evidence to suspect the disease is present.
• Simple and painless test
• Measures the amount of salt in the sweat.
• Chloride concentration of >60 mEq/L indicates CF diagnosis (NL 28 mEq/L)

Clinical Presentation and Associations: 
• Very salty skin
• Persistent coughing
• Wheezing or pneumonia
• Excessive appetite but poor weight gain (malnutrition)
• Bulky stools
• Frequent respiratory infections
• Breathing difficulties
• Permanent lung damage
• Barrel-shaped chest
• Clubbing of fingers and toenails
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CXR Findings 
• Atelectasis and hyperinflation
• Flattening of diaphragm
• Increased AP diameter

Cystic Fibrosis 
• The body produces thick, sticky mucus.
• Mucus obstruction interferes with how organ system functions.

Lungs: Obstruct airways passages, inflammation, infection, tissue 
damage. Accounts for 85% mortality. 

Pancreas, GI Tract, and Liver:  Blockage prevents enzymes form reaching 
intestines. Prevents break down and digestion of food. Poor 
absorption of vitamins and nutrients leads to malnutrition. 

Cystic Fibrosis Treatment / Management 

Good bronchopulmonary care and hygiene: 
- Bronchodilator
- Mucolytic therapy
- Postural drainage and Percussion
- Pulmozyme (Dornase alfa) help reduce viscosity of purulent secretions.

Other care considerations: 
• High protein/fat diet
• Pancreatic enzyme replacement therapy (PERT). Lipase, Protease, Amylase taken with meals
• Antibiotics (prophylactic bacterial infections), Tobramycin.

Asthma is a disease of airway inflammation caused by a variety of triggering stimuli resulting
in reversible bronchoconstriction and airway obstruction. 
Common causes: 
• Allergies
• Stress
• Exercise
• Cold exposure
• Infection
• Inhaled irritants

Signs/ Symptoms:
• Dyspnea
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• Cough
• Increased secretion production
• Accessory muscle use
• Increased RR
• Expiratory wheezing

Treatment Measures:

- Oxygen therapy (40-60%)
- Beta2 agonists
- Anticholinergics
- Methylxanthines

Inhaled steroids, leukotriene modifiers, and mast cell inhibitors for those with persistent asthma. 

Asthma Classification 
Intermittent 

Activity level: no limitation 
Lung function: FEV1> 80% 

FEV1 /FVC >85% 
Symptoms ≤ 2 days/ week 
Night awakening: ≤ 2 nights/ month 
Bronchodilator use: ≤ 2 days/week 
Risk: ≤1 annually 
Preferred treatment: no daily meds needed 

Mild Persistent 
Activity level: minor limitation 
Lung function:  FEV1> 80% 

FEV1/FVC > 80% 
Symptoms: ≥ 3days/ week 
Night awakening: ≥ 3 nights/month 
Bronchodilator use: ≥ 2 days/ week 
Risk: ≥ 2 annually 
Preferred Treatment: low dose inhaled corticosteroids. Consider Cromolyn sodium, 

 leukotriene modifiers, nedocromil. 
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Severe Persistent 

Activity level: extreme limitation 
Lung function: FEV1< 60% 

  FEV1 /FVC <75 

Symptoms: All day 
Night awakening: all week 
Bronchodilator use: all day 
Risk: ≥ 3 annually 

Preferred Treatment: High dose inhaled corticosteroids with long acting Beta2 agonists             
(LABA). Add oral corticosteroids (tablets or syrup). Goal is to reduce systemic
corticosteroids as soon as possible, maintain with inhaled corticosteroids. 

Moderate Persistent 
Activity level: some limitation 
Lung function: FEV1 60-80% 

  FEV1 /FVC 75-80% 

Symptoms: Daily 
Night awakening: ≥ 2 nights/week 
Bronchodilator use: Daily 
Risk: ≥ 3 annually 
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Asthma Action Plan 

Green Zone 
• Peak flow (80-100%)
• No symptoms
• Status stable
• Action: -Continue with daily medication regimen.

-Use preventive medicine as ordered
(steroid, anti-inflammatory) 

Yellow Zone 
• Peak flow (50-80%)
• Increased need for quick relief meds
• Increased symptoms upon awakening and at night
• Action: -Quick relief SABA (Albuterol)

-Begin/increase treatment with oral steroids
-Call MD

Red Zone 
• Peak flow <50%
• Very short of breath
• Increased symptoms >24 hours
• Limited activity
• Action: -Quick relief SABA

-Begin/increase treatment with oral steroids
-Call doctor/ Emergency Department / 911

When to notify doctor: 
• Asthma symptoms worsen while on oral steroids
• Bronchodilator benefit not lasting 4 hours
• Peak flow decreases following treatment plan.
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Status Asthmaticus 
Acute episode that does not respond to bronchodilator treatment and standard therapy. 
Add or consider: 
• Subcutaneous epinephrine
• IV steroids
• Anticholinergics
• Magnesium sulfate
• Helium- Oxygen mixture

Mechanical ventilation: 
• Ventilatory failure, rising PaCO2.  Permissive hypercapnia used. Maintain pH above 7.20.
• May have significant air-trapping so attempt to prolong exhalation time (higher inspiratory

flow rates and shorter inspiratory times).
• Consider I:E ratio of 1:3 or 1:4.
• May have refractory hypoxemia and cardiovascular instability.
• Use minimal PEEP if possible.
• May have decreased level of consciousness.
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Review Questions 
1. A sweat chloride test value indicative of CF:

a. >60 mEq/L
b. >50 mEq/L
c. <30mEq/L
d. >20 mEq/L

2. Which one best describes clubbing of the fingers or toes:
a. Loss of mobility occurs in the fingers and toes as a result of hypercarbia
b. The angle of the nail bed is increased
c. The fingers and toes are swollen
d. The fingers and toes are cyanotic

3. All of the following Asthma action plan parameters are included in the red zone except:
a. Very short of breath
b. Increased symptoms >24 hours
c. Peak flow 50-80%
d. Limited activity

4. Which of the following is best indicated to remove a foreign body obstruction?
a. Chest tube
b. Flexible/Rigid bronchoscope
c. Laryngoscope
d. Mini BAL

5. Which is the most common cause of epiglottitis?

a. Hemophilus Influenza B
b. Streptococcus Pneumoniae
c. H. Parainfluenza
d. Staphylococcus Aureus

6. The lateral neck radiograph of a patient suffering epiglottitis will include:

a. Thumb sign
b. Steeple sign
c. Patchy infiltrates
d. Ground glass appearance
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7. The frontal and lateral radiographs of a patient suffering croup include:
a. Thumb sign
b. Steeple sign
c. Patchy infiltrates
d. Ground glass appearance

8. Virazole, administered to treat RSV, is aerosolized over:
a. 1-2 hours via SVN
b. 12-24 hours via SVN
c. 1-2 hours via SPAG
d. 12-24 hours via SPAG

9. Symptom frequency in moderate asthma is:

a. < 2 times per week
b. > 3 times per week
c. Every day
d. Every month

10. Pectus Excavatum is defined as:
a. Depression of the sternum
b. Protrusion of sternum
c. Convex spinal curve
d. Lateral spinal curve
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Answers 
1. a

2. b

3. c

4. b

5. a

6. a

7. b

8. d

9. c

10. a
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Airway Care, Emergency 
Procedures, and 
Pharmacology 

 
 

Objectives 
- Review and contrast neonatal and pediatric anatomy
- Describe the use of airway support equipment
- Discuss thermoregulation
- Review resuscitation procedures
- Contrast meconium staining and aspiration
- Review pharmacology for neonatal resuscitation
- Discuss surfactant replacement therapy
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Assessment of the Newborn 
Anatomy of the Newborn 

Head (compared to the adult) 
• Normal head circumference is approximately 34 cm.
• Infant’s head is larger and heavier relative to the rest of the body.

- Could cause acute flexion of the cervical spine in infants with poor
muscle tone.

- Increases the risk of acute airway obstruction.

Nasal Passages are narrow compared to adults, high resistance. 
• Infants are obligated nose breathers.
• The occlusion of the nasal passage(s) due to inflammation and/or secretions 

would result in increased resistance to airflow and result in increased work of 
breathing.

• Shorter neck and larger tongue compared to adult.

Trachea 
• Softer and more collapsible than an adult.
• Mainstem bronchi branch off and form the trachea at a less acute angle than

the adult.
• Be very mindful when adjusting the ETT. A small change can easily force the

tube to advance into the mainstem bronchi.

Metabolism
• Neonates and infants have a high metabolic rate compared to adults.
• Caloric requirement: 100 cal/kg vs adult 40-50 cal/kg
• Higher metabolic rate:  greater need for oxygen not in proportion to body size compared to

the adult.
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Neutral Thermoregulation 
• Neonates are very vulnerable to cold stress.
• Need to maintain environmental temperature that achieves:

- Core temperature goal of 37.50 oC with range of 36.50oC - 37.50oC.
• Normal response to Cold stress for Term Infants:

-Vasoconstriction in arms and legs.
-Blood stays in core of body prevents blood from reaching skin surface
where heat loss occurs.

• Movement and flexion of extremities generating warmth of muscles, decreases surface area
for heat loss.

• Brown fat metabolism:
- When cold stressed to get warm, the preemie uses non-shivering thermogenesis in

which norepinephrine triggers metabolism of brown fat which involves accelerated 02

consumption & glucose consumption.

Mechanisms of Heat Loss 
• External Thermal Gradient (ETG):

- Temperature difference between the skin and the environment.
• ETG determined by four environmental factors which can be controlled in the nursery:
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Mechanisms of Heat Loss 
Mechanisms Definition Prevention 

Conduction Loss of heat from the 
body to a colder surface 

a. Avoid placing infant on cold, unprotected surface.
b. Pre-warm objects before contact with infant.
c. Place chemical thermal mattress under premature
infant. Cover the mattress with thin cloth or blanket.

Note: Uncontrolled heat sources-  high risk of burns 
and iatrogenic hypothermia 

Convection Loss of heat from air 
currents passing over 
the body 

a. Avoid drafts:
-Keep isolette doors closed
-Keep Radiant warmer sides up, cover with
shield or plastic wrap

b. Heat environmental air
c. Humidify inspired gas
d. < 1.5 kg infant from neck to feet with plastic

Radiation Heat loss from the 
newborns skin to 
distant cold objects

a. Avoid exterior windows and walls
b. Use double walled incubators
c. Heat lamp if no warmer or incubator available

Risk of Overheating: 
- Protect from direct sunlight
- Warmer on manual control or loose

temperature probe

Evaporation Heat loss when 
moisture turned to 
vapor 

a. Dry thoroughly
b. Provide warm environment
c. < 1.5 kg infant cover with plastic
d. do not bathe if infant is hypothermic or unstable

Neonatal Resuscitation 
Periodic Breathing 
• Breathing pauses (> 5 seconds) alternating with normal respiration.
• Occurs in Preterm and Term infants up to 3 months of age.
• Incidence will increase with prematurity.
• Not considered pathological unless accompanied by bradycardia.
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Apnea 
• Cessation of breathing (>10 seconds).
• 10 seconds common, 10-20 seconds monitor, >20 seconds requires intervention.

Due to numerous causes: 
- Aspiration
- HMD
- Hypoglycemia
- Intraventricular hemorrhage
- CNS disorders
- Sepsis
- Pneumonia
- Apnea due to prematurity
- Other

• Abnormal regardless of age.

Initial Steps of Resuscitation (No Meconium) 
• Provide warmth
• Position head and clear airway as necessary
• Suction the mouth then the nose with a bulb syringe
• Mouth before nose
• Dry and stimulate the baby to breathe and remove the wet towels
• Reposition the head

Evaluation 
Respirations:  Good chest movement with adequate rate and depth of respirations. Assess for 
apnea, gasping, labored, or unlabored breathing. 

Heart rate: 
• Count beats in 6 seconds: ie: 8 beats then multiply by ten. (heart rate = 80 beats/min)
• Auscultation of precordium preferred
• Palpate the umbilical pulse

Color will help to assess need for oxygenation. Mucus membranes and nail beds should be pink. 

Pulse oximetry:  Placement preductal – right hand or wrist. Better assessment for need of 
oxygen versus assessing color. Check for improvement of SpO2. 
You have 30 seconds to achieve a response from one step before deciding to go on to the next. 
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Oxygen requirements 
Term infant’s resuscitation at birth: 
• Begin positive-pressure ventilation with air rather than 100% oxygen
• If despite effective ventilation there is no increase in heart rate, or if no oxygenation guided

by pulse oximetry remains unacceptable, use of a higher concentration of oxygen should be
considered.

Preterm babies < 32 weeks receiving resuscitation at birth:
• Blended oxygen and air may be given guided by pulse oximetry.
• If blended oxygen and air is not available, resuscitation should begin with air, guide

adjustments by pulse oximetry.

Stressed Birth: Meconium Present
When meconium is present in the amniotic fluid, initial steps of resuscitation depends on 
whether the newborn is vigorous or not vigorous 

A vigorous newborn :  Strong respiratory effort 
Good muscle tone 
Heart rate >100 beats per minute (bpm) 

Then: Continue with initial steps of resuscitation. 
Use bulb syringe or large bore suction catheter to clear mouth and nose if needed. 

A non-vigorous newborn: Depressed respiration 
Depressed muscle tone 
Heart rate <100 beats per minute (bpm) 
Routine tracheal suctioning recommendation removed 
Place in radiant warmer 
Minimize tactile stimulation. Do not dry the baby as stimulation 
may increase the risk of meconium aspiration. 

Meconium Present: Newborn Non-Vigorous
• Place on radiant warmer
• Minimize tactile stimulation

- Do not dry baby, this would result in tactile stimulation and increased risk of
meconium aspiration

- Do not use positive pressure ventilation unless apneic or HR < 100 bpm
• Administer oxygen, monitor heart rate
• Surfactant replacement therapy indicated

52



Preparation for Resuscitation: Endotracheal Tube Selection
• Selection of endotracheal tube is based on weight and gestational age
• Select the appropriate size Miller blade

- Size 00 for micro premature
- Size 0 for premature newborns or Preterm
- Size 1 for term

• Stylet

Tube Size (mm) Gestational Age (weeks) Weight (grams) 

2.5 < 28 weeks Below 1,000 
3.0 28-34 1,000- 2,000 
3.5 34-38 2,000- 3,000 
3.5-4.0 > 38 weeks Above 3,000 

Securing the Endotracheal Tube
• Secure the endotracheal tube at the lip by using the weight (kg) + 6

Weight (kg) Depth of insertion (cm from upper lip) 
750 grams 6 
1.0 7 
2.0 8 
4.0 10 

Endotracheal Intubation: Checking Tube Position

Signs of correct tube position 
• Improved vital signs (heart rate, color, SpO2, and activity)
• CO2 detector- change in color from purple to yellow indicates exhaled CO2

• Breath sounds over both lung fields but decreased or absent over stomach
• Bilateral chest excursion
• No gastric distention with ventilation
• Vapor in endotracheal tube (ETT)
• Direct visualization of ETT passing between vocal cords
• CXR confirmation
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Chest Compression: Indicated with HR< 60 bpm after stimulation and 
30 seconds of positive pressure ventilation.  
Ventilation rate 30 breaths 
Compress with 2 fingers or two thumbs encircling 
Compression depth 1/3 of the anterior- posterior diameter of the 

chest 
Compression rate 90/min 
Compression to ventilation ratio 3:1 

“One and Two and Three and Breath” 
One cycle of 3 compressions and 1 breath takes 2 seconds 

• Thumb technique (preferred)
- Thumbs compress sternum
- Fingers support back
- Less tiring
- Better control of compression depth

• Two finger

Pharmacology for Neonatal Resuscitation

Epinephrine Administration 
• Route:   Intravenously: Umbilical vein 

Can consider endotracheal route while obtaining IV access- unreliable 
absorption 

• Dose:  IV: 0.1- 0.3 mL/kg of 1:10,000 solution 
Endotracheal tube 0.5- 1 mL/kg of 1:10,000 solution 

• Preparation: 1:10,000 solution in 1mL syringe for IV 
Use larger syringe for endotracheal. 

Volume expansion if baby appears in shock and is not responding to CPR 

• NS saline, Ringer’s lactate, O-negative blood
• Initial dose = 10mg/kg via UV over 5-10 min

Narcotic antagonist: 
• Naloxone HCl (Narcan) if no spontaneous breathing due to maternal opiate administration

(pain control during labor).
• Initial dose = 0.1 mg/kg IV
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Pediatric Airway Management

Upper Airway Obstruction 

Major causes of upper airway obstruction 
• Tissue edema
• Tongue falling into the posterior pharynx
• Aspiration of foreign body

Recognizing the signs of foreign body airway obstruction  (FBAO) is the key to 
effective intervention in infants and children. 

Mild Airway Obstruction 
Signs: 
• Good air exchange
• Responsive and can cough forcefully
• May wheeze between coughs

Treatment:
• With good air exchange
• Encourage coughing
• Do not interfere with victim’s attempts to expel foreign body
• Stay with victim and monitor condition
• If continues or deteriorates call 911

Severe Airway Obstruction 
Signs: 
• Poor or no air exchange
• Weak, ineffective cough or no cough at all
• No noise or high-pitched noise when inhaling
• Increased difficulty of breathing
• Possible cyanosis
• Unable to speak or cry
• Universal choking sign (neck clutch with thumbs and fingers)

Treatment of Severe Airway Obstruction (Infant)
Conscious Infant 
Deliver 5 Back Blows 
• Place infant face down over hand and forearm
• Apply between the shoulder blades with heel of hand
• Deliver 5 Chest Thrusts
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• Support head and place infant face up
• Sandwich infant between your hands
• Apply with 2 fingers over midsternum
• Continue until infant begins to breath or becomes unresponsive

Treatment of Severe Airway Obstruction (Child > 1 year) 
Check for foreign body 
• Do NOT perform a blind finger sweep
• Remove foreign body ONLY if visualized

Open Airway and attempt to ventilate 
Begin CPR 

Unconscious patient 
Perform 6-10 abdominal thrusts per cycle (5 for child) 
Do not perform if able to speak 
Conscious patient (Heimlich Maneuver) 

Indications for Intubation 
• Relief of airway obstruction

Epiglottitis, croup, head trauma 
• Increasing work of breathing

Grunting, nasal flaring, retractions, stridor 
• Protection of airway

Loss of protective airway reflexes could result in aspiration 
Inadequate CNS control of ventilation- Neuromuscular Disturbances 

• Recurring lobar or whole lung atelectasis
Inability to clear secretions 

• Acute respiratory failure
pH<7.30 and PaCO2>50 to 60 mmHg 
PaO2<60 mmHg with FiO2>60% 

Pediatric Airway 
• Cuffed tracheal tubes are generally unnecessary in children less than 8 years.

- The narrowest portion of the airway is cricoid cartilage. This serves as a natural cuff.
- A cuffed tube increases the outer diameter of the tube by approximately 0.5mm

• Insert ET Tube from the right corner of mouth
- Avoids obstructing view
- Cricoid pressure (Selleck maneuver) may facilitate glottis viewing

• Position ET Tube at level of cords
- Black marker on ET Tube at level of cords
- Cuffs should be placed just below cords
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Suction Catheter Size
To quickly estimate the proper size of suction catheter to use with a given tracheal tube, first 
multiply the tube’s inner diameter by 2. Then use the next smallest size catheter. 

Example: 6 mm endotracheal tube: 2 x 6 = 12 
Next smallest catheter is 10 French 

Example: 
8 mm endotracheal tube: 2 x 8 = 16 
Next smallest catheter is 14 French 

Intubation Equipment

• Stylet
• Et tubes and securement device or tape
• Correct size laryngoscope blade and handle
• T-piece resuscitator
• Manual resuscitator with PEEP valve
• Correct size mask
• End Tidal CO2 detector
• Scissors
• Inline suction catheter
• Open suction catheter
• The straight blade provides greater movement of the large tongue into the floor of the mouth

and visualization of the glottis opening.
• A curved blade may not adequately control and retract a child’s longer, more pliable

epiglottis to permit a clear view of the glottis opening.
• Medications

• Uncuffed versus Cuffed Tube
- According to resuscitation guidelines, cuffed ET tubes are as safe as uncuffed ET

tubes in the in-hospital setting for infants beyond the newborn period and in children.
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Select Endotrachael Tube 
• ETT size for newborns can roughly be estimated by dividing the gestational age by 10.

Therefore, you would select a 3.5 mm ID for a newborn at 35 weeks gestational age.

Have ETT size 0.5 mm smaller and larger than selected ETT size. 
12 to 14 years of age the trachea becomes adult size: 

Female adult: 7.0 – 8.0mm 
Male adult: 8.0 – 8.5mm 

Uncuffed tubes for children < 8 years 

To determine correct tube size for children 1-10 ears old: 

Uncuffed ID = 16 + patient’s age in years    or  Age(y) /4 + 4 
4 4 

Cuffed  (Age in years/4) + 3 

Depth of insertion formula: Age in years + 12 For Oral 
2

Laryngeal Mask Airway (LMA) 
- Consists of an oval shaped mask with inflatable outer rim and wide bore airway
tube.

- Standard 15 mm connector
- Deflate during inspiration
- Gastric insufflation and aspiration are  risks
- Feasible and safe in infants > 34 weeks gestation and birth weight > 2,000g
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LMA 

Limitations of LMA
• Unable to suction

meconium from airway.
• Administered medications

are not as effective as
when given via ETT.

Intubation 
Preparation 
• Monitoring with pulse oximetry
• Check laryngoscope (may be disposable or non-disposable)

Estimate blade size selection 
With laryngoscope held next to patient’s face 
Blade should reach between lips and larynx 

Children > 8years #3 Macintosh (curved) Miller (straight) 
Children < 8years #2 Macintosh Blade (curved) 
Term infant  #1 Miller Blade (straight) 
Premature infant #00 or #0 Miller Blade (straight) 

• Check Suction
• Select ETT size and length
• Stylet should NOT extend beyond distal ETT
• Intubation attempts should not last >30 seconds

Limit intubation attempts to 20 seconds in newborns
Preoxygenate with 100% oxygen

Technique 

Head and Neck Position 
Children age > 2years (Without C-spine injury) 

• Head extension with pillow under occiput
• Chin lifted into neutral – sniffing position

Infant’s age < 2 years 
• Occiput naturally extends head
• Chin lifted to neutral – sniffing position

* DO NOT HYPEREXTEND HEAD!
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Endotracheal Tube Insertion 
• Insert laryngoscope into the right side of mouth
• At the tonsillar pillars sweep tongue to midline
• Extend blade over base of tongue

Curved blade: tip into vallecular 
Straight blade: tip under the epiglottis 
Avoid entering esophagus first (risk of laryngeal trauma) 

• Exert traction upward along axis of handle
Do not use teeth or gums as a fulcrum (results in significant oral/dental trauma). 

Assess ETT Position 
• Symmetrical chest movement
• Auscultate for equal breath sounds
• Document absent breath sounds over stomach
• Vapor condenses on inside of tube with exhalation
• End-tidal carbon dioxide (ETCO2) monitoring
• ETCO2  may be low if cardiac output is low (especially with infants)

Check Tube Position
• CO2 detector
• Don’t forget the Chest X-ray

Tube tip between T2 and T5 
Larger, cuffed tubes, tip should be 2cm above carina 

Secure the ETT

Trouble-shooting Inadequate Ventilation or Oxygenation 
Mnemonic:  DOPE 

• Dislodged tube
• Obstructed tube
• Pneumothorax
• Equipment failure

• Is ET tube too small, cuffs under-inflated?
• Is the operator providing adequate tidal breaths?
• Is there a pneumothorax present?
• Is the manual resuscitator working properly?
• Are there secretions in the airway?
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Tracheostomy 
• Surgical incision in the trachea
• Indications

- allows a more direct airway
- bypasses upper airway
- airway of choice for long-term ventilation (> 21 days)

• Should be changed every 2 to 4 weeks or in cases of:

- Obstruction
- Too small = high cuff pressures
- Too large= if uncuffed and no leak, change for smaller tube
- Punctured or leaking cuff

• Beware of placement in FALSE Tract!
• Complications of Tracheostomy:

- Infection
- Hemorrhage (skin vessels or major artery)
- Tracheal injury (inflammation, submucosal hemorrhage, ulceration, cartilage and

mucosal necrosis)
- Self- decannulation
- Air leak (pneumothorax, subcutaneous emphysema)
- Patient discomfort
- Mechanical problems with tube or cuff:

a. Obstruction
b. Disconnection from ventilator

Suctioning 
Indications: 
The need to remove accumulated pulmonary secretions: 

• Coarse breath sounds
• Increase in inspiratory pressure
• Patient’s inability to generate a spontaneous cough
• Visible secretions in the airway
• Changes in monitored flow and pressure graphics
• Clinically apparent increased work of breathing
• Deterioration of ABG values
• Radiological changes consistent with increased secretions

Equipment: Suction catheters  
Yankauer -Pharyngeal suction 
- Upper airway clearance
- Clearing of vomitus
Coud'e (directional) angle assists in entering the left bronchus
Saline: reserved only as a last effort.  May irrigate with 1-2 ml normal saline for
thick secretions, e.g., CF
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• Frequency:  PRN ONLY

Weight ETT size 
Suction 
catheter 
size for 

ETT 

Suction depth 
for ETT 

Suction 
Catheter size 

for nasal 
suction 

Suction 
Catheter size 

for oral 
suction 

< 1 kg 2.5 mm 5/6 Fr Match ETT # 5 Fr 6/8 Fr 

< 2 kg 3.0 mm 6/8 Fr Match ETT # 6 Fr 8 Fr 

< 3 kg 3.5 mm 8 Fr Match ETT # 6/8 Fr 8 Fr 

< 3 kg 3.5-4.0 mm 8 Fr Match ETT # 6/8 Fr 8/10 Fr 

Vacuum 
• Vacuum source and connecting tube
• Bottle and tubing should be changed every 24 – 48 hours.
• Loose bottle or full bottle will prevent negative pressure from reaching the airway.
• Apply suction ONLY on withdrawal of catheter.

Endotracheal Suctioning:
• Suction pressures
• It is critical that you know these values:

Adult:  -100 to -120 mmHg
Children: -80 to -100 mmHg
Infants: -60 to -80 mmHg

Suctioning Endotracheal and Tracheostomy Tubes 
• Suctioning – AIRWAY EVACUATION can induce hypoxemia and arrhythmias
• Avoid by pre-oxygenating infants 10-20% > than what they are currently receiving
• Children: 100% for 2 minutes
• Catheter in airway duration less than 10 seconds
• Suctioning lasts no more than 5 seconds
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Trach Care
Equipment 

• Sterile cotton
• Dressing cut to fit under trach site

• Sterile water
• 0.9% Sodium Chloride
• Trach ties and scissors (if ties are to be changed)
• Sterile cups
• Small blanket or towel roll

 Procedure for Trach Care 
• Lay infant in comfortable position on his/her back with a small blanket or towel roll under

his/her shoulders to extend the neck and allow easier visualization and trach care.
• Cut the trach ties to appropriate length (if trach ties are to be changed)
• Pour 0.9% sodium chloride into one cup and sterile water into the other.
• Clean the skin around the trach tube with Q-tips soaked in 0.9% Sodium Chloride. Using a

rolling motion, work from the center outward using 4 swabs, one for each quarter around the
stoma and under the flange of the tube. Do not allow any liquid to get into trach tube or
stoma area under the tube.

Suctioning Procedure: 
• Always hyper oxygenate (20% above set FiO2) the patient prior, during and post suctioning.
• Suction should not last more than 10 seconds. Suctioning will cause the patient to gag,

cough, buck the ventilator, increase their respiratory rate, desaturation, and tachycardia.
• Suction depth = MATCH the depth number on the catheter with the same number printed on

the ETT.
• Never leave the catheter in the airway.
• Do not withdraw the catheter tip beyond the adapter dome.
• Inline suction catheter should not be left with mucus plugs or secretion post suctioning. It

should be irrigated with normal saline flush via the irrigation port.

Suctioning  
Monitor for adverse reaction: 

Assessment of Outcome 
• improvement in breath sounds
• decreased in PIP, narrowing of PIP – plateau, decreased Raw, increased tidal

volume delivery
• improved ABG values
• removal of pulmonary secretions
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Complications of Suctioning 
• Tachycardia

- Agitation or hypoxemia
- Explain the procedure and reassure child
- Hyperoxygenate

• Atelectasis

- Can occur due to removal of air from the patient’s lungs
- Use appropriate size suction catheter
- Use appropriate suction range

• Cardiac Arrythmias/ Hypotension
- Commonly due to hypoxemia

• Stimulation of the airway by the suction catheter can result in irregularities in heart rate
and rhythm.

• Vagal stimulation can result in bradycardia and hypotension.
• Stimulation of the vagus nerve via the carina.
• Decrease by gentle suctioning, keep airway stimulation to a minimum.
• TREAT WITH 100% OXYGEN.
• Contamination / Infection

- USE STERILE TECHNIQUE
- good handwashing
- sterile equipment
- do not re-use disposable equipment
- suction only as often as indicated (unwarranted suctioning increases

the chance of infections and complications)
• Increased intracranial pressure

- Pre-existing elevated ICP’s
• Bronchoconstriction

- caused by stimulation of bronchial smooth muscle
- laryngospasm is more common in naso-tracheal suctioning

• Cardiac Arrest / Death

- cardiac arrests have occured shortly after patients have been suctioned
- decrease by providing adequate oxygenation and ventilation

Manual Resuscitators 

• Both pediatric and neonatal resuscitator bags should be used appropriately.
• Pressure manometers are indicated on these devices to ensure adequate ventilation and not

over ventilation, which can lead to barotrauma.
• All infant and child bags must be equipped with a pressure pop-off.
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T-Piece Resuscitator
• Set flow rate between 5 – 15 Ipm
• Use an O2 Blender for FIO2

• Set PIP and PEEP
• Resuscitate by placing and removing thumb over the PEEP cap to allow inspiration and expiration
• This device may be used instead of the self-inflating resuscitation bag for bag-valve-mask

ventilation of neonates in the delivery room.
• The T-piece resuscitator is a manually operated pneumatically powered resuscitator that provides

controlled and accurate positive pressure breaths.

Extubation Equipment

• T-Piece resuscitator
• Resuscitation bag with PEEP valve
• Correct size mask
• Open suction catheter

Cough Assist (Mechanical Insufflation/Exsufflation)

A therapy in which the device gradually inflates the lungs (insufflation). followed by an 
immediate and abrupt change to negative pressure. This produces a rapid exhalation 
(exsufflation).

• Stimulates a cough and moves secretions cephaled.
• Insufflation/Exsufflation may decrease episodes of respiratory failure.

Settings

Insufflation (positive pressure) typically set at 15-20 cm H20 initially. Slowly increase 
pressure to reach TLC. Breath duration approximately 2 seconds.

Exsufflation (negative pressure) typically set at 10-20 cm above insufflation pressure with a 
duration of 3 to 6 seconds.
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Discussion 
The first thing to do prior to receiving a newborn: 

Turn on the warmer. 
Prepare extra blankets in the delivery room. 
Wipe baby and get rid of the cold blanket immediately.

<1.5 kg infants cover with plastic bag. 

You just assisted in a home delivery. Your 1 minute APGAR Assessment is the following: 
The baby is pink all over. 
HR = 95 bpm
Highly Irritated 
Moved around actively with good muscle tone Is crying intensively and 
breathing well 

What is the APGAR Score? 
Appearance (pink color) = 
Pulse (Baby’s HR is between 60 and 100) = 
Grimace (very irritated) = 
Activity (good tone)  = 
Respiration (strong cry) = 

APGAR Score is 9. 

High Frequency Chest Wall Oscillation (HFCWO)

Is an airway clearance technique in which external chest wall osscilations are applied using an 
inflateable vest.

These machines produce vibrations are vaariable frequencies and intensities which help to 
loosen mucous from the airway walls.

Settings

• Hertz or Frequency set at 5-20 cycles per second
• The pressure range is 1-10 cm H20
• Time/duration range 1-60 minutes

Often used in combination with bronchodilator therapy.
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The initial steps of resuscitation are: 
Provide warmth (prepare extra blankets, one to wipe and get rid of, another to wrap 
baby). 
Position head and clear airway as necessary. 

What is the definition of vigorous? 
Strong respiratory efforts, good muscle tone, HR > 100 beats per minute. 

What would you do first for a meconium and non-vigorous baby? 
The very first step is to suction the trachea. 

When would you need to use a pulse oximeter? 
- During resuscitation
- PPV for more than few breaths
- Persistent central cyanosis
- When supplemental oxygen is given

Which hand would you place the probe on? Why? 
Put it on the right hand or wrist, newborn babies usually shunt some venous blood from 
the right side of the heart to the aorta via the Ductus Arteriosus. Which usually remains 
open for the first couple of hours after birth. The blood that feeds the right arm comes off 
from an artery that leaves the aorta before the ductus. The right arm gives the most accurate 
assessment of arterial blood that feeds the brain. The blood in other areas may give a lower 
value. 

Indications for PPV: 
Apnea/gasping, HR <100 bpm, persistent central cyanosis with 100% supplemental oxygen. 

Acceptable methods for administering free flow oxygen are? 
- Mask, tubing, flow inflating bag, or T-piece.
- Gas flow should be 5-10 liters. Oxygen mask held firmly over the baby’s face, mask
from a flow inflating bag or T-piece resuscitator held closely over the baby’s mouth and
nose. Stop free flow if SPO2 is 85%-90%.

What would you do if there are no breath sounds and no chest expansion during assisted 
ventilation? 

MR. SOPA :   Mask adjustment 
Reposition airway 
Suction mouth and nose 
Open mouth 
Pressure increase 
Airway alternative 
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When would you start chest compression? 
Chest compression are indicated for HR <60 bpm despite 30 seconds of effective PPV. 

When would you check HR? 
After 45 to 60 seconds of chest compressions and ventilation. 

What is the depth and rate of ventilation:compression? 
- 1/3 of anterior posterior diameter of the chest.
- Coordinate chest compression and ventilation.
- 1-and-2-and-3- and breath—and (2seconds)
- ratio is 3:1, 30/90, 120 events/min during chest compressions.

If HR is > 100 bpm:
Discontinue compressions and gradually discontinue ventilation if newborn is breathing 

spontaneously. 
If HR is > 60 bpm: 

Discontinue compressions and continue ventilation at a rate of 40-60 bpm. 

When is Epinephrine indicated? 
When HR is < 60 bpm despite 30 seconds of assisted PPV, followed with another 
45 to 60 seconds of coordinated chest compressions and ventilations. 

Concentration:  
IV Dose : 
ETT Dose : 
Administration: 

1:10,000 (0.1mg/ml) 
0.1 to 0.3ml/kg 
0.5 to 1 ml/kg 
Immediately, followed with normal saline flush 

Check HR approximately 60seconds after administration of epinephrine. If HR remains < 60 
bpm, repeat epinephrine every 3 to 5 minutes. 

Placement of a LMA may be useful in the following situations: 

Facial or upper airway malformations, PPV with a face mask fails to achieve effective 
ventilation and intubation is not possible. 

Limitations of LMA: 

• Not too effective to use for newborns weighing less than 1500 grams or < 34 weeks
gestation.

• Unable to suction meconium form airway.
• Medications are not as effective when administered via ETT.

Blades that are used for infants: 
Size 00 = extremely preterm 
Size 0 = preterm 
Size 1 = term 
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When should discontinuation of resuscitation efforts be considered? 
- After 10 minutes of absent HR
- Less than 23 weeks
- Less than 400 grams
- With severe congenital anomalies

A 35-year old woman delivered a 24 week baby via C-section due to non-reassuring fetal heart 
rate patterns. 
Question: What other important information do you want to know in addition to the 

baby’s gestational age: 
- Is baby breathing or crying?
- Does the baby have good muscle tone?

For very preterm newborns (less than 1500 grams), what else would you want to prepare to 
help warm the baby? 

Plastic wrap or bag, use chemically activated warming pad, or prewarm the transport 
incubator. Consider plastic wrap for newborns less than 29 week gestation (may differ 
with each institution) 

Do you perform routine nasal or oral suctioning at this point (either with a bulb syringe or 
catheters)? 

The new NRP guidelines do not recommend it unless it is clinically indicated because 
suctioning of the nasopharynx can cause bradycardia. 

If you need to suction the baby, what catheter size and suction level would you want to 
prepare? 

Bulb syringe, 10/12/14 F (for meconium) suction catheters and use 80-100mmHg of 
suctioning, also make sure there is a meconium aspirator available. 

What are some possible issues why the pulse oximeter is not reading appropriately? 
- Ambient light (cover it with foil)
- Pulse oximeter probe is loose
- Cardiac output is low

ETCO2 Detector: 
What color should it turn in the presence of CO2? 
-It should change from purple to yellow.

Note: Giving epinephrine via ETT might contaminate detector and turn it to yellow 
permanently. 
Might not be able to detect CO2 if there’s poor cardiac output. 

How do you auscultate: Axillary and over stomach as well. Might see mist inside the tube. 
Condensation in the ETT, equal breath sounds bilaterally. Order x-
ray to confirm. 
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How to coordinate bagging and compressions with two people? 
One and two and three and bag and … 
One cycle of 3 compressions and 1 breath takes 2 seconds. 

Pharmacology 

Surfactant Replacement Therapy 
• Surfactant is indicated for infants as soon as RDS diagnosis made.
• Surfactant is intended for intratracheal use only, this requires endotracheal intubation.
• ETT placement should be confirmed by CXR. This reduces the chance of the drug being

administered to only one lung or the stomach.
• Surfactant has to be stored in the fridge.
• Surfactant has to be pre-warmed to body temperature, can be done by holding the

surfactant vial in the palm of the hand for about 5-8min.
• Do Not Shake the vial. This can cause foaming of the product and in some cases

denaturing of the proteins.
• INSURE technique: INtubation-SURfactant-Extubate is a common method used to give

surfactant.  Only requires a brief exposure to invasive ventilation.

Types of Surfactant Preparations and Examples: 
Natural Surfactant from natural 

sources (human or animal) 
with addition or removal of 
substances. 

Survanta 
Curosurf 
Infasurf 
Alveofact 

Synthetic Surfactant that is prepared 
by mixing in vitro 
synthesized substances that 
may not be in natural 
surfactant. 

Exosurf 
ALEC 

Pediatric Drug Calculations 

Young’s rule for children >2 years: 
 Child dose = Age (years)      X Adult Dose

Age (years) + 12 

Example: 5y/o child 
Adult dose = 100mg 

Answer: (5/17) x 100 = 29 mg 
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Calculations for a drug in a total solution 
1 ml of a 1% solution = 10mg of active ingredient (drug) 

% solution x 10 = mg/ml 
To solve for mg: mg = ml x (% x 10) 
To solve for ml: ml = mg / (% x 10) 

Example: The physician orders 5 mg of albuterol, which is available in a 0.5% solution. 
How many ml of this solution should you administer? 

Answer: ml = mg / (% x 10) 
     = 5 mg / (0.5% x 10) 
     = 1ml 

Antiviral agents 
Ribaflavin (Virazole) 

• Synthetic nucleoside with broad spectrum antiviral activity.
• Disrupts viral protein synthesis by inhibiting the messenger ribonucleic acid (mRNA)

Dosage 20mg/ml 
Administered via small particle aerosol generator (SPAG) for 12-24 hours for 3-5  
days. 

Adverse effects:             Urticaria 
Angiodemia 
Eye irritation – contact lenses 
Headache 
Teratogenic toxicity 

• RespiGam – Respiratory Syncytial Virus Immune Globulin Intravenous (RSV-IGIV)
• Palivizymab  (IgG1) contains neutralizing antibody to RSV.
• Used for RSV prophylaxis

Antibiotics 
• Kanamycin (Kantrex) or Gentamycin (Gentak) plus ampicillin for treatment of

coliform bacteria.
• Strep, most common types of infections from birth to 2 days postpartum.
• Carbenicillin (Geonicillin) and naficillin to treat nosocomial staph or pseudomonas

infection from 2-3 days postpartum.
• Cystic fibrosis often treated with aerosolized antibiotics such as tobramycin (TOBI) or

polymyxin E (Colistin).
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Nebupent (Pentamidine) 

• Pneumocystis pneumonia is a fungal infection of the lungs. The disease used to be called
Pneumocystis carinii and was thought to be protozoan.

• Bronchodilators should be administered prior to pentamidine.
Side effects: cough, bronchial irritation, SOB, fatigue, bronchospasm and wheezing.

• Environmental contamination precautions must be taken to prevent exposure to health
care workers. Should be administered with filter on exhalation ports.

• Dose: 300mg reconstituted in 6ml sterile water. Administered via Respirgard Nebulizer
system once a month.
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Review Questions 

1. A ten-year-old patient has been receiving 60% oxygen via Venturi mask.  Vital signs are
stable and the physician asks you to wean the FiO2 as tolerated, maintaining an SPO2 >
99%.  The neonatal-pediatric specialist should do the following:

a. Loosen the mask for air entrainment and monitor breathing
b. Lower the flow in increments of 1 - 2 LPM every 2 hours as tolerated
c. Change/adjust the Jet/Venturi adapter to increase air entrainment
d. Change to 2 LPM nasal cannula and monitor SPO2 every 2 hours

2. A full-term neonate is receiving iNO at 20 PPM and is currently stable on 90% FiO2. The
neonatal-pediatric specialist should recommend the following weaning approach:

a. Wean FiO2 to 40% or less, then wean iNO by increments of 2 PPM
b. Wean iNO by increments of 2 PPM, then wean FiO2 to 40% or less
c. Wean mean airway pressure to 30 cm H2O or less, then wean FiO2
d. Wean Hz to 12, then wean NO to 18 PPM

3. Neonates are at risk for heat loss.  During neonatal resuscitation procedures, the Neonatal
Pediatric Specialist should take precautions regarding which the following mechanisms of
heat loss:

a. Conduction, conjunction, radiation, evaporation
b. Stagnation, convection, radiation, evaporation
c. Conduction, convection, radiation, evaporation
d. Conduction, convection, radiation, dampening

4. A neonate is receiving 1LPM nasal cannula is experiencing apnea episodes of 10 to 12
seconds in length, two to three times per hour.  The neonatal-pediatric specialist should
recommend:

a. Intubation and mechanical ventilation
b. Non-invasive positive pressure ventilation (NPPV)
c. Nasal continuous positive airway pressure (NCPAP)
d. Maintain current respiratory care support

5. A neonatal-pediatric specialist is asked to place a pulse-oximeter probe on a neonate
during resuscitation procedures.  Where should the probe be placed in order to capture
pre-ductal SPO2?

a. Right hand or wrist
b. Left hand or wrist
c. Right foot
d. Left foot
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6. During neonatal resuscitation of a full-term neonate, visualization of the airway shows
evidence of meconium aspiration.  The neonatal-pediatric specialist should suction using
the following technique:

a. Use a suction catheter to suction the nose first
b. Use a suction bulb
c. Use an aspirator adaptor to suction with the endotracheal tube
d. Use a suction catheter to suction the endotracheal tube

7. Pediatric patients in need of artificial airway suctioning should be suctioned using the
following negative pressures:

a. -100 to –120 mm Hg
b. -60 to –80 mm Hg
c. -80 to –100 mm Hg
d. -40 to –50 mm Hg

8. A 7- year-old patient is being electively intubated.  The patient is paralyzed and sedated,
and the neonatal-pediatric specialist is intubating the patient.  The CO2 detector is
consistently yellow with every breath delivered.  What steps should be taken at this time?

a. Secure airway and connect to mechanical ventilation
b. Reintubate patient
c. Perform a percutaneous tracheotomy
d. Place patient on non-invasive positive pressure ventilation (NPPV)

9. A neonatal-pediatric specialist is asked to prepare a vial of surfactant for administration
in the delivery room.  Which of the following steps are appropriate?

a. Pre-warmed to body temperature, shake until foam is visible
b. Maintain refrigerated temperature, shake until foam is visible
c. Pre-warmed to body temperature, do not shake
d. Maintain refrigerated temperature, do not shake

10. A 6-month old infant diagnosed with RSV is receiving oxygen therapy via tot-hut.  The
physician orders a Ribavirin treatment via small volume nebulizer.  The neonatal-
pediatric specialist should:

a. Provide treatment with small volume nebulizer as ordered
b. Recommend the use of the small particle aerosol generator (SPAG)
c. Recommend a large volume continuous nebulizer via tot-hut
d. Recommend treatment via metered dose inhaler

74



Answers 

1. c

2. a

3. c

4. d

5. a

6. c

7. c

8. a

9. c

10. b
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Neonatal Pathology 

 

 

 
 

 
 
 

 

Objectives 
Discuss the following disorders: 

• Infant Respiratory Distress Syndrome
• Transient Tachypnea of the Newborn
• Pneumonia
• Meconium Aspiration Syndrome
• Persistent Pulmonary Hypertension
• Apnea of Prematurity
• Retinopathy of Prematurity
• Bronchopulmonary Dysplasia
• Diaphragmatic Hernia
• Transposition of the Great Vessels
• Tetralogy of Fallot
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Neonatal Pathophysiology 

Infant Respiratory Distress Syndrome (Hyaline Membrane Disease). 
Is a syndrome in premature infants caused by insufficiency of pulmonary surfactant. Occurs in 
20-30 thousand newborns annually in US.

Clinical Presentation and Associations: 
• Insufficient Surfactant
• Decreased Functional Residual Capacity (FRC)
• Decreased Pulmonary Compliance
• Increased Pulmonary Resistance
• Nasal flaring, grunting, retractions, tachypnea
• Infants of Diabetic Mothers
• Prematurity / Low birthweight
• Refractory hypoxemia
• CXR with honeycomb or ground glass appearance

Treatment may include: 
• Oxygen / CPAP for hypoxemia
• Intubation, mechanical ventilation, and PEEP
• Surfactant administration
• Prenatal glucocorticoids may be administered 24 hours prior to delivery to stimulate

surfactant production
• Going to term dramatically reduces incidence.

Transient Tachypnea of the Newborn (TTN). Is caused by retained fetal
lung fluid due to impaired clearance mechanisms. Incidence of 5.7 per 1,000 term deliveries. 

Clinical Presentation and Associations: 
• Associated with C-section
• Delayed absorption of Fetal Lung Fluid
• Increased Central Venous Pressure

- Delayed Lymphatic Clearance
• Decreased pulmonary compliance

- Decreased Tidal Volume
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• Respiratory Distress
- Tachypnea
- Cyanosis
- Grunting
- Refractions
- Nasal flaring

• Chest X-ray
- Pulmonary Vascular Congestion

Treatment may include: 
• 40-60% oxygen
• CPAP if oxygen does not improve saturations
• Consider postural drainage and percussion

Meconium Aspiration Syndrome (MAS) 
Meconium is a sticky dark green substance which accumulates in the fetal GI tract. 
Approximately 15% of all births after 34 weeks have meconium staining. About 10% of these 
develop MAS.  

• Infant’s green-tinged bowel contents
• Enhance Bacteria Growth
• Life-threatening – Treated Immediately

Associated with: 
• Diabetic Mothers
• Term and post term delivery
• Intrauterine stress due to meconium passed prior to birth.

Clinical Presentation and Associations: 
• Term to Post-term infant
• Meconium Stained Amniotic Fluid

- Pea soup appearance
• Prolonged Labor
• Airway Obstruction
• Surfactant dysfunction
• Air Trapping

- Ball Valve / Air leak syndrome
• Low APGAR, depressed infant at birth
• Respiratory Distress with gasping, grunting, retractions and cyanosis…. 
• Meconium Below Vocal Cords, abnormal CXR
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• Chest X-ray
- Patchy Atelectasis – Obstruction
- Hyperexpansion – Air Trapping
- Potential pneumothorax, pneumomediastinum

Treatment: 
• Prevention, reduce post-term delivery
• Intubation and suctioning prior to any positive pressure breaths, historical approach
• Oxygen Therapy

Mild Requires < 40% oxygen for < 48 hours 

Moderate Requires > 40% oxygen for > 48 hours (without air leak) 

Severe Requires mechanical ventilation for > 48 hours (often associated with 
PPHTN) 

• CPT may help in the first hour of life
• Mechanical ventilation

- Lowest Mean Airway Pressure
• Surfactant Administration
• HFV
• Nitric Oxide
• ECMO
• Complications

- Air Trapping, Air Leaks, IVH, BPD

Retinopathy of Prematurity (ROP). 
Retinal vascular development is incomplete in the premature. Approximately 14-16 thousand are 
affected by some degree annually in the US.  

Clinical Presentation and Associations: 
Retrolental Fibroplasia associated with: 

• Pre-term infants < 1500 gm birth weight
• High Oxygen Therapy Levels

- Vasoconstrict
• Childhood Blindness
• Proliferative Ocular Disease

- Develops weeks after birth
- Immature retinal vessels
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Treatment may include: 
• Laser treatment
• Bevacizumab
• Cryotherapy Therapy

- Freeze Cataract
• Vitamin E
• Prevention

- Decrease length of oxygen duration 
- Decrease concentration of oxygen 
- PaO2 between (50-70 torr)

Bronchopulmonary Dysplasia (BPD). Is a chronic lung disorder in newborns
secondary to mechanical ventilation and oxygen therapy. 5-10, 000 cases annually in US.  

Clinical presentation and Associations: 
BPD is considered a Chronic Lung Disease 

• Results from treatment of HMD with oxygen therapy and mechanical ventilation
• Retractions, tachypnea and cyanosis present
• CXR flattened diaphragm, Pneumothorax, and Honeycomb

The incidence of BPD increases with:

- Decreasing gestational age
- Low birth weight
- Sepsis
- Prolonged exposure to mechanical ventilation and supplemental oxygen.

Treatment may include: 
- Oxygen Therapy <60%
- CPAP / Mechanical ventilation
- CPT / Suctioning  
- Prenatal Steroid Administration
- Surfactant
- Vitamin A supplementation may be helpful prevention of BPD in low birth weight
- Bronchodilator Therapy

Complications: 

- Infections
- Air Leaks
- Cor Pulmonale treated with diuretics and fluid restriction
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Pulmonary Interstitial Emphysema (PIE). Refers to abnormal location of gas
within the pulmonary interstitium, usually due to mechanical ventilation. Closely linked to 
prematurity and very low birth weight. Incidence of 20-30% among premature infants. 

Clinical Presentation and Associations: 
PIE is associated with: 

• Tachypnea, cyanosis, retractions
• Extrapulmonary Gas

- Within the Interstitial Space
• Rupture of Small Airways
• Tachypnea, cyanosis and retractions
• Air-trapping and increased AP diameter
• High Mortality Rate

• Chest X-ray: Radiolucency in the interstitium radiating from the hilum.
- Affected segment is often hyperexpanded.

Pulmonary Interstitial Emphysema 

Treatment may include: 
• 100% oxygen for 10 – 15 minute intervals may help the reabsorption of extra alveolar

air
• PIP <30 cmH2O
• HFV
• Consider independent lung ventilation
• Consider lobectomy for life threatening situations
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Pneumonia. Is an infection of the lung and may be confined to the lung or part of
generalized sepsis. Estimated incidence, 1% of term and 10% of preterm infants. Organisms are 
acquired from the maternal genital tract or the nursery. These organisms may include: 
Gram-positive cocci:

• Streptococci
• Staphlococcus aureus

Gram-negative bacilli:
• Escherichia coli 

• Klebsiella.

Clinical Presentation and Associations: 
• Atelectasis
• Capillary membrane damage
• Perinatal infection, gestational age 22-28 weeks, transmitted during pregnancy or

child birth:
- PROM
- Group B Streptococcus

• ABG may show hypoxemia with progressive acidosis
• Chest X-ray:

• Diffuse granular pattern bilaterally often present:

Pneumonia 

Treatment may include: 
• Antibiotic therapy following culture and sensitivity
• If newborn shows signs of shock and mother develops a temperature after delivery

consider Beta Strep Infection
• Oxygen Therapy / Aerosol Therapy
• Bronchodilator Therapy
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• CPAP /Mechanical Ventilation
• Complications:

- Air leaks / BPD

Apnea of Prematurity (AOP). Occurs in approximately 85% of infants born < 34
weeks gestation.   

Clinical Presentation and Associations: 
• Cessation of breathing effort > 20 seconds
• Bradycardia and / or Cyanosis
• Infants < 37 Weeks Gestational Age
• May occur with neck hyper-extended or hyper-flexed (obstructive apnea)
• May be due to CNS immaturity (central apnea)

Treatment may include: 
• Address underlying Causes
• Caffeine
• Theophylline
• Nasopharyngeal CPAP

Tension Pneumothorax.  Is a collection of air between the lung and chest wall. Is a
life-threatening condition with mortality varying between 20-38%. 

Clinical presentation and Associations: 
• Extrapulmonary Gas and Severe Cyanosis
• Hyperresonant percussion sounds
• Hypotension
• Nasal flaring, grunting, and retractions
• Chest X-ray

- Trachea shift toward unaffected side, absence of vascular markings
- Hyperlucency
- Flatten diaphragm
- Transilluminator used to identify pneumothorax. Halo is a normal finding.
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    Tension Pneumothorax 

- If the chest lights up like a lantern (large area of redness that is often asymmetric)
this indicates a pneumothorax.

Treatment may include: 
• Chest tube connected to underwater drainage system
• Needle aspiration considered for emergencies
• 100% O2

Emergent Treatment: 
• 2nd-3rd intercostal space along midclavicular line
• 22/24 angiocath attached to 20 ml syringe with a stopcock
• Palpable 3rd rib at midclavicular line and insert needle above the rib
• Advance needle till air is withdrawn in syringe
• Epinephrine administered if heart rate < 60.

Persistent Pulmonary Hypertension of Newborn (PPHN). Pulmonary
hypertension is necessary for the fetus. When normal cardiopulmonary transition fails at birth 
PPHN occurs.  Incidence approximately 4 per 1,000 live births. 
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Clinical Presentation and Associations: 
• Increase Pulmonary Vascular Resistance
• Right to Left Shunting
• Persistent Fetal Circulation

- PDA
- Foramen Ovale

• Chronic Intrauterine Stress
• Increased vasoconstrictor agents
• Seen in the First 12 hours of life
• Cyanosis due to right to left shunting
• Acidosis
• Respiratory Distress /Tachypnea
• Hypoxia

- Refractory to Oxygen Therapy
• Heart Murmurs
• Chest X-ray

- Cardiomegaly

Test: 
• Echo-doppler cardiogram provides definitive diagnosis. Will show right to left

shunting through PDA and or foramen ovale.
• Pre and Post Ductal PaO2 comparison:

- Right Arm vs Lower Body (umbilical artery)
- Pa02> 20 mmHg difference

• Oximeter probes can be placed on the preductal (right hand) and post ductal (foot)
sites to assess for right to left shunting. A saturation difference of > 10% indicates
R-L shunting.

Treatment may include: 
• Inhaled Nitric Oxide typically initiated at 20 ppm for neonates with PPHN
• Inhaled Prostaglandins have been shown to be effective in infants who had poor

response to iNO
• Sildenafil may produce selective vasodilation in infants with PPHN
• Administration of surfactant may promote lung expansion
• Oxygen Therapy (Minimal Stimulation)

- High Levels of Oxygen
- Oxygen Vasodilates

• Mechanical Ventilation: Hyperventilation / Increased pH Vasodilates
• High frequency ventilation
• Bicarbonate / Tromethamine

- Increase pH
• ECMO
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Congenital Diaphragmatic Hernia (CDH). Occurs when the diaphragm fails to
close during the prenatal period. This usually occurs on the left side. Affects approximately 1 in 
2,500 newborns. 

Clinical Presentation and Associations: 
• Migration of intestines and stomach into thorax
• Bowel sounds in the chest
• Marked atelectasis and decreased breath sounds on the affected side
• Paradoxical movement of the abdomen with breathing
• Mediastinum shifts to the unaffected side
• Right to left shunting
• Scaphoid appearance of the abdomen

 Diaphragmatic Hernia

Treatment and considerations: 
• Surgical correction.
• Nasogastric tube and intubate, careful to prevent gastric distension.
• Outcome influenced by size of defect and condition of unaffected lung.
• Mortality approximately 50%.

Pierre Robin Syndrome/ Sequence. Is a rare set of anormalités of the head and
face. Incidence, 1 in 10,000 births. 

Clinical Presentation and Associations: 
• The tongue is disproportionately large relative to the jaw (hypoplasia of mandible).
• Small lower jaw, micrognathia.
• Strong association with cleft palate, 50-70% of cases.
• Airway obstruction mild to severe, potential brain damage with hypoxia and cyanosis.
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• Sleeping and eating positions changed from supine to prone to prevent obstructions
and desaturation.

Treatment: 

• Tracheostomy if severe obstruction.
• Surgical correction (lip-tongue plication).
• Gastrostomy or nasogastric feeding.
• Prone positioning to decrease airway obstruction.

Tracheoesophageal Fistula (TEF). Is a life-threatening condition in which there is
an abnormal connection between the esophagus and trachea. Incidence, 1 in 2-4,000 live births. 

Clinical Presentation and Associations: 
• Coughing, chocking, cyanosis (3 C’s).
• Newborns may present with airway obstruction due to excessive oral secretions or

aspiration of gastric contents into the lung through the fistula.
• Excessive salivation and or vomiting after feeding.
• Associated with Esophageal Atresia (EA) where it is impossible to pass a catheter

into the stomach.

Treatment: 
• Surgical correction
• Reverse Trendelenburg position, gastrostomy for feeding, continuous suctioning of

esophageal pouch to protect from aspiration.
• Good airway care

Patent Ductus Arteriosus (PDA). There is a persistent communication between the
descending thoracic aorta and the pulmonary artery that results from failure of normal 
physiologic closure of the fetal ductus. Incidence  
>20% in preterm infants.

Clinical Presentation and Associations: 
• Ductus Arteriosus does not close at birth
• Left to Right shunt if left heart pressure higher

than right
• Right to Left shunt can be identified by

Contrasting pre-ductal and post ductal PaO2

Treatment for PDA: 
• Indomethacin, ibuprofen
• oxygen, consider surgery (PDA ligation)
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Transposition of the Great Vessels. 
Serious but rare heart congenital defect 
in which the Aorta and Pulmonary arteries 
are reversed. Incidence 20-30 per 10,000 live births. 

. 
Clinical Presentation and Associations: 

• Reversal of the position of pulmonary artery
and aorta.

• Parallel function of pulmonary and systemic
Circulations.

• Severe cyanosis occurs within hours of birth.
• Metabolic acidosis
• PDA and atrial septal defect.
• Post-ductal saturations (L-hand or either feet) is higher than preductal (R-hand)

Concerns: 
• Infant requires PDA for blood mixing, O2

may close PDA.
• Echocardiogram may confirm dx
• Egg shaped on CXR

Treatment: 
• Prostaglandins to maintain PDA open
• Balloon atrial septostomy
• Surgical correction

Tetralogy of Fallot. Consists of 4 features:
Large ventricular septal defect, pulmonic valve 
stenosis, right ventricular hypertrophy, 
and over-riding aorta. Incidence,1 in 3,000 live  
births. 

Clinical presentation and Associations: 
• Blood will move from right side of heart to

systemic circulation
• Boot shaped heart
• Extreme cyanosis and bounding pulses

Treatment: 
• Surgical correction
• 100% O2
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Coarctation of the Aorta 
Is a localized narrowing of the aortic lumen that results in upper-extremity hypertension, left 
ventricular hypertrophy, and malperfusion of the lower extremities.

Clinical Presentation and Associations: 

• Severe narrowing of the aorta results in decreased blood flow across it.
• Preductal Coarctation means narrowing of the aorta proximal to the entrance of

the PDA. Right to Left shunt and cyanosis results.
• Postductal Coarctation means narrowing of the Aorta distal to the PDA. Left to Right

shunt results, cyanosis absent. Pulmonary edema and hypertension typical.

Treatment: 
• Surgery
• Balloon angioplasty
• Stent placement
• Medications to control blood pressure.

Atrial Septal Defect (ASDs). Group of anatomic abnormalities that result in shunting of
blood between the atria, a cyanotic congenital disorder. Occurs in 5 to 6 infants out of 1000 live 
births. 

Clinical Presentation and Associations: 
• Blood moves from the left to right atrium

thru the defect
• CVP and PAP increase due to increased

blood flow, right heart failure.
• Cyanosis is usually during activity only
• Most patients with small or moderate-sized

atrial septal defects are asymptomatic.

Treatment: 
• Surgical correction, transcatheter closure
• Oxygen
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Ventricular Septal Defect (VSD). VSD is a cyanotic congenital heart defect, aka a
left-to-right shunt. Incidence of 2-6 per 1,000 live births. Small ventricular septal defects are 
typically asymptomatic, and children develop normally. With a larger defect, symptoms of 
heart failure (e.g., respiratory distress, poor weight gain, fatigue after feeding) appear at age 4 
to 6 weeks. 

Clinical Presentation and Associations: 
• Increased CVP and PAP due to increased

blood flow.
• Small defects may resolve spontaneously.

Treatment: 
• Large defects require surgery, transcatheter

closure.
• Small defects resolve and only require

O2, digoxin and diuretics.
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Review Questions 
1. The NPS observes that a 35-week neonate has frequent periods of apnea.

Which may be indicated?
a. Theophylline
b. Survanta
c. Indocin
d. Vancomycin

2. A NPS is conducting a physical assessment on a neonate. At which site on an infant would
the absence of a palpable pulse indicate a coarctation of the aorta?

a. Femoral
b. Brachial
c. Carotid
d. Temporal

3. A neonate has been diagnosed with a PDA. The NPS explains that this condition exists
when there is a shunt:

a. Between the right and left atria
b. Between the superior vena cava and aortic arc
c. Between the aorta and pulmonary artery
d. Between the umbilical vein and the inferior vena cava

4. The NPS notes a diaphragmatic hernia during CXR evaluation. This is associated with:
a. Scaphoid abdomen
b. Meconium aspiration
c. Epiglottitis
d. Croup

5. Transient Tachypnea of the Newborn is most closely associated with which of the
following?

a. Ground glass CXR
b. Cesarean section
c. Scaphoid abdomen
d. Tracheal deviation to unaffected side

6. Comparison of preductal and post ductal ABGs are used in the evaluation of:
a. Left to right shunting
b. Right to left shunting
c. Bilirubin
d. Clubbing of fingers
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7. Air accumulation in the tissues around the bronchi is termed:
a. Tension pneumothorax
b. Pulmonary edema
c. Pulmonary interstitial emphysema
d. Coarctation of the aorta

8. When nitric oxide is administered in the treatment of PPHN, which of the following must
be monitored?

a. Methemoglobin
b. Carboxyhemoglobin
c. Thalassemia
d. Sickle cell anemia

9. You note a mediastinal shift toward the pathology. Which may have caused it?
a. Pulmonary edema
b. Atelectasis
c. Diaphragmatic hernia
d. Tension pneumothorax

10. Tracheoesophageal fistula is associated with which of the follow comorbidities?
a. Asthma
b. Pierre Robin Sequence
c. Patent Ductus Arteriosus
d. Esophageal Atresia
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Answers 

1. a

2. a

3. c

4. a

5. b

6. b

7. c

8. a

9. b

10. d
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Respiratory Pharmacology 

Objectives 
1. Review the physiological basis for respiratory

medications.

2. Discuss the differences between SABA and LABA.

3. Discuss the role of inhaled and oral systemic
corticosteroids.

4. Review Mast Cell Stabilizers, Leukotriene Modifiers,
and Anticholinergics.
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Foundations of Respiratory Pharmacology 

The two main divisions of the autonomic nervous system are the sympathetic and 
parasympathetic systems. The two main neurotransmitters are norepinephrine and acetylcholine.  
Organs and glands are lined with receptors (α1,  Β1, Β2, M1-3 ) that are stimulated by these two 
neurotransmitters.         

α1-Receptor stimulation: causes vasoconstriction and increased blood pressure (vasopressor 
effect). Location: Vascular smooth muscle 

Β1-Receptor stimulation: Causes increased heart rate and heart contractility (cardiac output) 
Location: Heart Muscle 

Β2-Receptor stimulation: relaxes bronchial smooth muscle, stimulates mucociliary activity. 
Location: Bronchial smooth muscle 

M1-3 -Receptor stimulation: causes bronchoconstriction, increased mucus production, decreased 
heart rate.  Many actions in various organ systems.   

Terms: 
Sympathomimetic (Adrenergic) drugs stimulate receptors (B1, B2, a1) in a manner similar to 
norepinephrine. 
Sympatholytic drugs oppose and decrease sympathetic activity.  
Parasympathomimetic (Muscarinic, cholinergic) drugs stimulate receptors (M1-3) in a manner 
similar to acetylcholine. 
Parasympatholytic (Anticholinergic, Antimuscarinic) drugs oppose and decrease 
parasympathetic activity. 

Beta Agonist are sympathomimetic medications that stimulate beta receptors. 
Short Acting Beta Agonists (SABA): 

Albuterol (Ventolin & Proventil) 
• Beta2 specific
• Onset 3-5 minutes with duration 4-6 hours
• 200 puffs per canister

Levalbuterol (Xopenex) 
• 200 puffs per canister
• Also in solution 0.31, 0.63 and 1.25 mg
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Ultra Short Acting Bronchodilators 

Epinephrine (Bronchaid, Primatene Mist) 
• Stimulates Beta1, Beta2, and Alpha1 receptors.
• MDI available OTC and can cause severe side effects if combined

with prescribed bronchodilator.

Racemic Epinephrine (Vaponefrin, Asthmanefrin) 
• Commonly used to address post extubation stridor, due to it’s a1

receptor stimulation.
• Stimulates Beta1, Beta2 and Alpha1 receptors.

Long acting Beta 2 Agonists (LABA) 
• Duration of 12 hours so appropriate for nocturnal asthma
• Must be used with Inhaled Corticosteroids (ICS)
• May be used for EIB, but not routinely
• Salmeterol (Severent) indicated for patients 4 years and older
• Formoterol (Foradil) indicated for patients 5 years and older
• Brovana and Performist nebulizer solutions are approved for COPD, not approved for

asthma.

Side effects of SABA and LABA
• Tachycardia
• Tremors
• Palpitations
• Hypokalemia
• Nausea/vomiting
• Headache

Beta Antagonists 
Bind to, but do not activate beta receptors thereby blocking action of beta agonists. May worsen 
asthma, especially non-elective agents. Used in the treatment of hypertension, cardiac 
arrhythmias and other disorders.  Examples include: 

• Propranolol (non-selective, B1, B2)
• Atenolol (selective, B1)
• Esmolol (selective, B1)
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Methylxanthines work via phosphodiesterase inhibition and adenosine receptor
antagonism. 

• Theophylline is a methylxanthine and considered a controller medication, not for acute
relief.

• Short acting 6-12 hour duration/ Long acting 24 hours
• Considered an alternative for those ≥5 years old.
• Therapeutic range 5-20 mcg/ml, monitor blood levels.

Theophylline 
Untoward effects: 

• Nausea
• Headache
• Nervousness
• Vomiting
• Arrhythmias if >30 ug/ml
• Seizures if >40 ug/ml

Anticholinergic (Parasympatholytic) Agents 
Parasympathetic stimulation may increase Cyclic GMP. Increased Cyclic GMP causes smooth 
muscle contraction and Mast cell mediator release. Anticholinergics block or inhibit 
parasympathetic stimulation, resulting in bronchodilation. 

Anticholinergic Bronchodilators: 
COPD is the primary indication. Also used to treat bronchospasm due to beta blockers and in 
asthma when improvement is not achieved with beta agonist alone. 

• Indicated for moderate to severe exacerbations in the ED setting.

Short Acting Muscarinic Agent (SAMA) 
Ipratropium Bromide (Atrovent) is the most common in this class.  
• 200 puffs in MDI

Long Acting Muscarinic Agent (LAMA) 
Tiotropium (Spiriva) is a long acting agent (QD) approved for COPD. 

• Untoward effects:
- Dry mouth
- Cough
- Pharyngitis
- Eye pain (may be minimized by using a mouth-piece instead of mask)
- Worsening of narrow angle glaucoma
- Urinary retention
- Nervousness
- Headache
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Both oral and inhaled corticosteroids have clinically significant effects on symptoms, 
exacerbations, health status, and lung function in asthma. Inhaled corticosteroids may be 
beneficial when added to a β-agonist for treatment of acute asthma, and the efficacy of 
oral corticosteroids in this setting is well established. 

Inhaled Corticosteroids (ICS) 
• The most effective control medications for asthma.
• Not for quick relief.
• May cause suppression of growth in children.
• Steroids should be reduced to the lowest level that maintains control.
• ICS may cause oral or esophageal candidiasis (oral thrush). Seen in approximately 3% of

patients. Instruct patient to rinse mouth following therapy to reduce incidence. Antifungal
therapy is the treatment.

Fluticasone (Flovent) 
• MDI-120 puffs and (3) strengths: 44 mcg, 110mcg and 220 mcg per puff.
• Usually 2 puffs twice daily.
• DPI (Diskus)- 60 inhalations and (3) strengths: 50mcg, 100mcg, 250mcg.

Budesonide (Pulmicort, Rhinocort)
• DPI (Turbuhaler) – 200 inhalations and 200 mcg per inhalation for patients 6 yrs and

older.
• Respules- administered via SVN for children >1 year old.
• 0.25mg, 0.5mg, and 1mg ampules.
• Improvement within 8 days, full effect within 6 weeks.

Combination Medications 

Advair (Fluticasone and Salmeterol) DPI 
• ≥4years old
• Three strengths: 100/50, 250/50, 500/50
• 60 doses
• Cannot be used with another LABA

Advair MDI 
• >12 years old
• Three strengths: 45/21, 115/21, 230/21
• 120 doses

98



Symbicort (Budesonide and Formoterol) 
• Delivered via MDI with 60 or 120 inhalations; ≥12 yrs old
• Two strengths: 80/4.5 and 160/4.5

Albuterol and Ipratropium Bromide (DuoNeb)
• Safety in patients <18 not studied
• SVN-4 times per day

Albuterol and Ipratropium Bromide (Combivent)
• Not studied in Pediatrics
• MDI-2 inhalations, 4 times per day

Oral Systemic Corticosteroids 
• Used to gain control in moderate to severe exacerbations.
• Are used as an adjunct to SABA.
• Untoward effects more pronounced than ICS and include:

- Immunosuppression
- Cushing’s syndrome
- Growth suppression
- Fluid retention
- Weight gain
- Muscle weakness
- Increase glucose levels
Death due to adrenal insufficiency has occurred during abrupt transfer from
systemic to inhaled corticosteroids. Appropriate weaning is necessary.

Prednisone (Deltasone, Orasone) 
• Patients on oral corticosteroids should be slowly weaned off. Systemic

corticosteroids are not abruptly stop due to HPA suppression. The daily dose of
prednisone may be reduced by 2.5 mg to 5 mg as indicated.

• Asthma symptoms must be closely monitored during withdrawal of oral
steroids.

• Other oral steroids include: Prednisolone
Methylprednisolone (Medrol, SoluMedrol)

• Usually 3-10 day course

Leukotriene Receptor Antagonists (LTRA)/ Modifiers 
• Used for long term control in mild persistent asthma of in combination with ICS for

moderate asthma. Also blocks early response to allergen challenge.
• Not for quick relief.
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Montelukast (Singulair) 
• Acts by blocking Leukotrienes at the receptor sites
• Approved for patients ≥ 1year old
• Once daily (QD)

Others in this class: 
• Zafirlukast (Accolate)
• Zileuton (Zyflo)

Untoward effects: 
• Headache
• Nausea
• Infections
• Nervousness
• Dizziness

Mast Cell Stabilizers 
• Controller and alternative for mild persistent asthma, not quick relief.
• May prevent EIA.
• Inhibits the release of histamine and Leukotrienes.

• Cromolyn Sodium (Intal)
- MDI: 2 puff; 4 times/day.
- 110 or 200 inhalations, 0.8 mg per puff.
- Nebulizer: 20 mg in 2ml ampule.
- DPI: 20 mg capsule.
- Max effect after 1 month of use.
- Administer 15-30 minutes prior for EIB.
- Nedocromil Sodium (Tilade) is in same class.

• Untoward effects: Nasal Congestion
Dermatitis 
Gastroenteritis 
Bad taste 

Mucolytic agents 
Best way to control secretions is with proper hydration. Mucolytics are drugs which breakdown 
thick sputum as seen in chronic bronchitis, bronchiectasis, cystic fibrosis, or acute 
bronchopulmonary disease. Side effects: Bronchospasms, airway irritation, nausea. 

Examples: 
• Acetylcysteine (Mucomyst)- Given in-conjunction with a beta agonist.
• Recombinant human DNase (Pulmozyme)
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Mixing Bronchodilators
Never mix two from the same category. 

• Albuterol + Levalbuterol

Order of Medication Delivery 
When more than one medication has to be administered to a patient, and they are not to be 
mixed, it should be given in the following order: 

• 1st – Short acting Beta Antagonist
• 2nd – Anticholinergic Bronchodilator
• 3rd – Xanthine Bronchodilator
• 4th – Corticosteroid

Immunomodulators 
Currently there are two classes approved for the treatment of asthma. They are anti-IgE and anti-
IL-5 monoclonal antibodies used for moderate to severe asthma with IgE and eosinophilic 
components. These agents are only available in an injectable form. Monitoring for anaphylaxis 
required. 

Anti-IgE Antibody 
Omalizumab (Zolair) 

• Subcutaneous injection every 2-4 weeks.
• Only patients > 6 years old
• Dose based on weight and IgE level.
• Binds to circulating IgE and prevents it from binding to receptors on mast cells and

basophils.
• Monitor for anaphylaxis for minimum of 2 hours post injection.

Anti-IL5 Antibodies  
Mepolizumab (Nucala) 
Benralizumab (Fasenra) 
Reslizumab (Cinqair)  

• Some patients with severe asthma have elevated eosinophils caused by IL5 producing
lymphocytes.

• Mepolizumab and Benralizumab can be added to therapy of patients > 12 years old
(subcutaneously).

• Reslizumab can be added to the therapy of patients > 18 years old (intravenously).
• Administered every 4 weeks.
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Sedatives/Benzodiazepines

• Ativan (Lorazepam)
• Xanax (Alprazolam)
• Valium (Diazepam)
• Versed (Midazolam)

Reversed with Romazicon (Flumazenil)

Analgesics / Opioids

• Morphine
• Oxycontin (Oxycodone)
• Demoral (Meperedine)
• Dilaudid (Hyromorphone)

Reversed with Narcan (Naloxone)

Anesthetics

• Diprivan (Propofol)
• Ketalar (Ketamine)

These agents cannot be reversed
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Review Questions 
1. Which immunoglobulin is most closely associated with allergic asthma?

a. IgE
b. IgM
c. IgS
d. IgF

2. Which of the following is not true regarding Cromolyn Sodium?
a. Nebulizer solution: 20 mg in 2ml ampule.
b. Must be given with a beta agonist
c. Maximum effect achieved after 1 month of use.
d. Administer 15-30 minutes prior to exercise to prevent EIB.

3. A parasympatholytic may be defined as a:
a. Drug that inhibits the parasympathetic nervous system
b. Drug that inhibits the sympathetic nervous system
c. Drug that stimulates the beta 1 receptors
d. Drug that stimulates the alpha 1 receptors

4. Levalbuterol’s trade name is:
a. Albuterol
b. Zolair
c. Vaponefrin
d. Xopenex

5. When administering ICS, a local side effect to monitor for is:
a. Tachycardia
b. Hypotension
c. Eye pain
d. Oral thrush

6. Adrenergic bronchodilators mimic the action of:
a. Acetylcholine
b. Penicillin
c. Norepinephrine
d. Dopamine
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7. Your patient suffers post extubation stridor.  You would first recommend:
a. Albuterol
b. Cromolym
c. Prednisone
d. Racemic epinephrine

8. With regard to B-agonists, aerosolized steroids have which of the following effects?
a. They block the effects of bronchodilators.
b. They have no effect on bronchodilating.
c. They reduce the systemic side effect of bronchodilators.
d. They increase the bronchodilating effects.

9. Acetylcysteine (Mucomyst) is given in-conjunction with a:
a. Beta agonist
b. Alpha agonist
c. ICS
d. Mucolytic

10. Untoward effects of systemic corticosteroids include all of the following except:
a. Immunosuppression
b. Oral or esophageal candidiasis
c. Growth suppression
d. Fluid retention
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Answers 

1. a

2. b

3. a

4. d

5. d

6. c

7. d

8. d

9. a

10. b
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Hemodynamics,  
ECG, Calculations, and 

Pulmonary Function 

Objectives 
• Understand the correlation between uterine contraction

and fetal heart rate.
• Discuss hemodynamic changes at birth.
• Review hemodynamic parameters and calculations.
• Review blood gas calculations.
• Review pulmonary function procedures.
• Describe assessment of ECG rhythm
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Hemodynamics, Blood Gas Calculations, and 
Pulmonary Function 

Fetal Ultrasound 
• Sound waves (like Sonar)

TAUS = Transabdominal Ultrasound 
TVUS = Transvaginal Ultrasound (used to verify at earliest stage of pregnancy) 

What can fetal ultrasound detect? 
• Gestational age
• Estimate amniotic fluid
• Abnormalities of cardiac structure (congenital heart disease)
• Cardiac rhythm disturbances (or arrhythmias)

Fetal Heart Rate 
• Normal fetal heart rate is 120-160 beats per minute
• Fetal Bradycardia: <110/min
• Fetal Tachycardia: >160/min

Deceleration may occur during uterine contraction. Treat 
by giving Mom oxygen. 

Normal Fetal Heart Rate (NST)
* The fetal condition is good when:

- There is a reactive (normal) fetal heart rate
pattern to stimulation.

- This is a normal non-stress test (NST).
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Early Deceleration Type I 

• During uterine contraction the normal fetal heart
rate slows to near or slightly below 110/min.

• Nothing to be alarmed about. The reason is that
the baby’s heart rate starts to slightly decrease is
due to head compression causing the vagus
nerve to be compressed which in turn decreases
the heart rate.

Late Deceleration Type II 
• These start after the contraction has begun.
• May persist after the contraction has

ended.
• Indicates:

A. Uteroplacental insufficiency possibly
associated with
- Fetal academia (fetal scalp
pH <7.20)
- Fetal asphyxia
- Infections
- Immaturity
- Maternal Drugs
- Congenital malformations

B. Indication for possible C-section.

Variable Deceleration Type III
• Occurs at various points before, during or

after contractions.
• Can last through several contractions.
• Indicates:

A. Umbilical cord compression
B. Fetal academia (scalp pH <7.20)
C. Indication for C-section.
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Stress Testing or Oxytocin (OCT) Challenge
• Baseline measurements obtained
• Oxytocin administered to stimulate uterine contractions
• A normal (NEGATIVE) test = FHR remains stable.
• An abnormal (POSITIVE) test = Late deceleration starts.

- Associated with uteroplacental insufficiency.

Fetal Circulation 
• Pressures within the fetal vasculature are the reverse of those found in the adult because:

- Fetal lungs provide high resistance to blood flow
- Increased pulmonary artery pressure 2° pulmonary vascular constriction due to
low PaO2, academia, hypercapnia, and the lungs are essentially collapsed.

- Placenta offers little resistance to blood flow.
• It is highly vascularized:

Fetal Blood Gas values 
UA UV 

PO2 16 29 
PCO3 46 42 
pH 7.33 7.35 

* With Maternal PaO2 = 80 to 100.

HbF 
• Fetal Hgb (HbF) has a left shift in the Oxyhemoglobin Dissociation Curve.
• In newborns, fetal hemoglobin is nearly completely replaced by adult hemoglobin by

approximately the 12th week of post-natal lif
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Umbilical cord 

Blood Flow and Shunts in Fetal Circulation 
• All blood after being oxygenated and given nutrients in the placenta, it is returned via the

umbilical vein within the umbilical cord to the fetus.
• There are 3 shunts in fetal circulation: Ductus Venosus 

Foramen Ovale 
Ductus Arteriosus 

Pulmonary pressure changes 
• Initial forces required to overcome the surface tension of the fetal lung: 40-100 cmH2O
• After first breath FRC has been established subsequent breaths are easier.
• As alveoli deflate after first breath, surfactant prevents total collapse.
• FRC increases over first few hours.

Change from Fetal to Adult Circulation 
• Clamping the umbilical cord

- Prior to clamping the umbilical and placental pressures are low.
- After clamping resistance to blood flow increases greatly.

• Blood originally sent to the placenta now goes to the lower extremities.
• This forces blood through areas of higher resistance causing increased BP.
• These increases are backed up through entire arterial system to that Lt atrium.
• As this is taking the place the neonate has started breathing.
• The initiation of respiration decreases pulmonary artery resistance.
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Two Mechanisms involved in Decreasing PAP
• Actual inflation of the lungs with FRC results in decreasing surrounding pressure on

pulmonary vasculature, reducing vascular resistance.
• Increased PaO2 causes pulmonary smooth muscle to relax.
• Therefore: PAP, PVR, RAP, ALL DECREASE.

Closure of Fetal Shunts
• Foramen Ovale

- As LAP becomes greater than RAP, flap closes
- Becomes permanent several months post-delivery.

• Ductus Arteriosus
- Remains open for 1-24 hours in term infant
- Longer in Preemie
- Closes permanently in 3weeks

• Ductus Venosus
- CLOSES and becomes a fibrotic ligament.

Patent Ductus Arteriosus 
Failure of Ductus Arteriosus to close leads to problems 

• CHF
• RT  LT or LT  RT shunts.

Now called PATENT DUCTUS ARTERIOSUS.

Hemodynamic Parameters 
• Normal CVP: 2-6 torr
• Normal PAP: 25/8 mean = 14
• Normal PCWP: 8 torr (range 6-12)

QS/QT: 
• Adult < 5%
• Child < 5%
• Infant < 15%
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Mean Blood Pressures (MBP) 
• Newborn MBP by gestational Age

MBP = gestational age (wks) + 5
- 30 weeks = 30 + 5 = 35 mmHg

• Mean pressure by Systolic and Diastolic
MBP = (systolic + 2x diastolic) / 3
- 120/80 MBP (120 + 2x 80) / 3
- (120 + 160) / 3
-280 / 3 = 93.3 mmHg

Normal Heart Rates 
Age Average Rate (b/m) 

Newborn to 3 months 140 
3 months to 2 years 130 
2 years to 10 years 80 

>10 years 75 
Normal Respiratory Rates 

Age Breaths/ Minute 
Neonate 30-60
 1 year 20-40
 3 years 20-30
6 years 16-22
10 years 16-20
17 years 20-20

Central Venous Pressure
• Used to monitor fluid levels and right heart function.
• Catheter is placed through a central vein and usually located in the SVC, just before the

entrance to the right atrium.
• Normal values: 2-6 mmHg (4-12 H2O)
• Sometimes referred to as: Right atrial pressure, Right pre-load, Right ventricular and

diastolic pressure, etc.

Pulmonary Artery Pressure 
• Requires the placement of Swan-Ganz or triple lumen catheter.
• PAP monitors blood going to the lungs
• Catheter attached to pressure transducer.
• Normal values 25/8 mean = 14 torr.
• Mixed venous blood samples are drawn from the PA distal port of the Swan-Ganz.
• Balloon must be deflated to draw blood.
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Pulmonary Capillary Wedge Pressure (PCWP)
• Monitors left heart pressures and blood flow.
• When the balloon is wedged (inflated) the PCWP is measured.
• Must not leave balloon inflated, can cause pulmonary infarction.
• Normal range is 4-12 mmHg.
• PCWP represents pulmonary venous drainage back to the left heart.
• AKA: Left atrial pressure 

Left atrial filling pressure 
Left ventricular pressure 
Left ventricular end-diastolic pressure 

• Measure actions on the left side of the heart
• Can use PA diastolic to estimate PCWP when balloon is malfunctioning.
• PCWP identifies cause of Pulmonary Edema

- Normal in Non-Cardiogenic Pulmonary Edema = ARDS
- Increase in Cardiogenic Pulmonary Edema = (CHF)

Cardiac Output (QT)
• Measures left ventricular output.
• Uses the Fick equation.
• QT = HR x Stroke volume
• Measured by thermodilution (cold water through Swan-Ganz)
• Normal Cardiac Output is 4-8 LPM, varies with size.

Cardiac Index
• Cl = QT/BSA
• Cardiac output divided by the Body Surface area in M².
• Normal CL = 2.5 – 5.0 L/min/ m².
• Does change with size.

Mixed Venous Values
• The PvO2 and the SvO2can also be monitored as indicators of cardiac output.
• Normal PvO2 = 40 torr.
• Normal SvO2 = 75%.
• They are directly proportional as PvO2 and SvO2 ↓ so does the QT.

113



Systemic Vascular Resistance
• ∆P across the pulmonary circulation/cardiac output

SVR =  MAP – CVP 
      QT 

Normal = <20 mmHg/L/min or 1600 Dynes 
mmHg x 80 = Dynes (20 x 80 = 1600 Dynes) 
SVR ↑ with Systemic hypertension and/or vasoconstriction (responds to alpha drugs). 
Look forward to the left side of the heart. 

Pulmonary Vascular Resistance
• ∆P across the pulmonary circulation/cardiac output

PVR = MPAP – PCWP 
QT

Normal <2.5 mmHg/L/min or 200 Dynes 
PVR is increased with hypoxia and pulmonary hypertension (look forward the right side 
of the heart). 

Alveolar Air Equation

• PAO2= (PB – 47) FIO2 – PaCO2 
0.8 

Example 
• Barometric pressure = 747 torr.
• FIO2= 0.60
• PaCO2= 40 torr

Then:   PAO2= (PB – 47) FIO2 – PaCO2
0.8 

PAO2= (747-47) 0.60 – 40/0.8 
PAO2= (700) 0.60 – 40/0.8 
PAO2= 420 – 50 = 370 torr (mmHg) 

Alveolar – arterial Oxygen gradient P(A-a)O2
• Measures the difference between the alveolar and arterial PO2

• P(A-a)O2 = PAO2 – PaO2

• Using the last example if the PaO2 = 100 torr
• Answer: P(A-a)O2= 370-100

  P(A-a)O2= 270 torr 
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Arterial / Alveolar Oxygen Tension (a/A) Ratio
• Arterial oxygen to Alveolar oxygen ratio.
• a/A Ratio = PaO2

PAO2 

• a/A ratio: Arterial /alveolar oxygen tension ratio in percent 
• PaO2: Arterial oxygen tension in mmHg 
• PAO2: Alveolar oxygen tension in mmHg 
• Normal value > 60%

Oxygen Content Formulas 
• CxO2 = Oxygen content of x
• CxO2 = (1.34 x Hb x SxO2) + (PxO2 x 0.003)
• Simply substitute the “a” or “v” for the content area you want.
• CaO2 = (1.34 x Hb x SaO2) + (PaO2 x 0.003)
• CvO2 = (1.34 x Hb SvO2) + (PvO2 x 0.003)
• C(a-v)O2=  CaO2 – CvO2

• ↓values indicate ↑ Qt or ↓ O2 extraction
• ↑ values indicate ↓ Qt or ↑ O2 extraction

Content Examples 
• PaO2 = 60 torr PvO2 = 40 torr 
• SaO2 = 90% SvO2 = 75% 
• Hb = 15 vol%

Find C(a-v)O2

• CaO2 = (1.34 x 15 x 0.90) + (60 x 0.003)
• CaO2 = 18.09 + 0.18 = 18.27 vol%
• CvO2 = (1.34 x 15 x 0.75) + (40 x 0.003)
• CvO2 = 15.08 + 0.12 = 15.20 vol%
• PAO2/ PaO2

• C(a-v)O2 = CaO2 – CvO2

• C(a-v)O2 = 18.27 – 15.20 = 3.07 vol%
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Shunt = QS/QT 
• Shunt = Perfusionwithoutventilation
• Shunt effect = Perfusion in excess of ventilation
• Results in deoxygenated blood returning to the systemic circulation.
• ↑ shunting is caused by pneumonia, pulmonary edema, atelectasis, fibrosis, ARDS, HMD
• QS/QT: Adult <5%

              Child <5% 
Infant < 15% 

Clinical Shunt Formula 
QS/QT =       (A-aDO2) 0.003______ 
            (A-aDO2) 0.003 + C(a-v) O2

Unless given or PvO2 is given C(a-v) O2 can be estimated at 3.5. 
If PAO2 is not given that must be calculated. 
QS/QT =      ____(A-aDO2) 0.003_____ 

(A-aDO2) 0.003 + C(a-v)O2 

PAO2 = 250 torr PaO = 60 torr 
C(a-v)O2 = 3.5 

QS/QT  =____(250-60) 0.003____ 
    (250-60) 0.003 + 3.5 

QS/QT   = 0.57/4.07 = 0.14 or 14% 

Normal Oxygen Content 

Normal CvO2 ≡ 15.2 vols% (12-16) 
Normal CaO2 ≡ 19.8 vols% (18-20) 
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Oxygen Index 
• Measures the amount of ventilatory support necessary to provide the oxygenation obtained.
• Used to determine need for ECMO and relates to survival rate
• OI >40 has an 80+% mortality rate
• OI >40 in neonatal pediatrics (or >35 in adults) is an indication for Extracorporeal

Membrane Oxygenation.

OI = __MAP x FiO2 x 100__ 
PaO2 (postductal) 

MAP = 25 cmH2O 
FIO2 = 1.00 
PaO2 = 55 torr 

OI =  __MAP x FiO2 x 100__  = 25 x 1.00 x 100 
PaO2 (post-ductal) 55 

OI = 2500 / 55 = 45.5 

PaO2 / FIO2 Ratio 
• Ratio between the partial pressure of oxygen in arterial blood and the fractional

concentration of oxygen.

Also called the P/F Ratio 
• Measure how efficient oxygen transfer across the AC-membrane to the blood.
• Normal values ≥ 380 torr
• If ≤ 300 mild ARDS
• If ≤ 200 moderate ARDS
• If ≤ 100 severe ARDS
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Modified Bohr Equation (Dead space to tidal volume ratio) 
• VD =       PaCO2 – PECO2

VT  PaCO2 

• The end-tidal CO2 may be used in the modified Bohr equation to estimate dead space or
make adjustment to tidal volumes.

Example: PaCO2 = 40 torr 
End-tidal CO2 = 30 torr 

• VD =       PaCO2 – PECO2 
VT PaCO2 

40-30
  40 

 10      = 0.25 x 100 = 25% 
40 

P/F Ratio Example 
• What is the possible diagnosis, given:

PaO2 = 60 torr on an FiO2 = 0.80

Use the PaO2/ FiO2 Ratio
60/0.8 = 75 = Severe ARDS 

Pulmonary Function Testing 
• Indications:

Diagnose and monitor the progression of lung disease 
Physical exercise tolerance 
Preoperative assessment 

• Expiratory Flow Rates
Hard to get accurate rate flow measurement on babies 
Really not done routinely 

• Crying VC for infants: measures VC during crying

118



Spirometry Testing 
• Patient must be cooperative

Usually requires a child at least 4 to 5 years old. 
• Most common test is a forced vital capacity (FVC).
- FVC is the largest volume obtained from the child.
• Must be at least 3 seconds long.
• Best measurement of and it is used to identify Restrictive orders.
• Deformities of the chest, pulmonary fibrosis, cardiac anomalies, and flail chest.

FEV1
• Measures flow and is therefore best used to determine Obstructive disorders.

- asthma, cystic fibrosis, bronchiectasis, and bronchitis.
- Can be used as a percent of vital capacity:

FEV1/FVC%
- Obstruction results in decreased flow rates which are also implied by the decreased
FEV1/FVC%.

Test Technique 
• Calibrate spirometer with super syringe.
• Patient may be sitting or standing (standing preferred). Note position on chart.
• Have the patient breath in to TLC and then forcibly exhale to RV.
• 3 reproducible results must be obtained within 10%.
• In children the test results should increase with age, if not, further testing needs to be

done.
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Interpretation of Spirometry Tests 
• Results are compared to normal values usually based on height rather than age or weight.
• Based on % of predicted values.
• Restrictive orders have ↓ in volume (FRC)
• Obstructive disorders have ↓ in flow (FEV1 or FEV1/FVC%)

80-100% of predicted Normal 

60-79% of predicted Mild 

40-59% of predicted Moderate 

<40% of predicted Severe 

EXAMPLE 1 
Predicted Observed % Predicted 

FVC (L) 4.00 3.00 75 
FEV1 (L) 2.85 2.80 98 
FEV1/FVC (%) 73 93 --- 

• The volume of FVC is below normal so there is a restrictive problem.
• The FVC is between 60-79%, it is a Mild Restrictive Disorder.
• The FEV1 is normal 98% of predicted so there is no obstructive problem.

EXAMPLE 2 
Predicted Observed % Predicted 

FVC (L) 3.10 2.54 81.9 
FEV1 (L) 2.33 1.00 42.9 
FEV1/FVC (%) 75 39 --- 

• The volume of FVC is normal so there is no restrictive problem.
• The FEV1 and FEV1/FVC% are < normal is there is an obstructive problem.
• The FEV1 is between 40-59%, it is a Moderate Obstructive Disorder.
• Post bronchodilator study recommended.

Bronchial Provocation Testing  / Methacholine Challenge Test 
• Performed by administering a provocative agent (methacholine, histamine, exercise or cold

air)
• Test is positive when there is 20% decrease in FEV1.

• The dosage of methacholine required for a positive test is called the provocative dose or
PD20%.

• Methacholine can be administered by nebulizer or dosimeter.
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Electrocardiograph Rhythm Basics 

Normal Sinus Rhythm- Normal, no treatment. 

Sinus Bradycardia- Heart rate (while awake) < 100 for infants, < 80 for toddlers, < 70 for 
young children, < 60 for adolescents. Usually treated with oxygen, atropine. Pacing if 
hemodynamically compromised. 

Sinus Tachycardia- Heart rate >160 for infants, > 120 for children, > 100 for adolescents.  Ths 
is usually a normal increase in heart rate.  Treat with oxygen. 
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Atrial Fibrillation- The atria quivers. This is rare in children. Treatments are much the same as 
in adults.  May include cardioversion, beta blockers, calcium channel locker, antiarrhythmics, 
anticoagulants, and oxygen.  

Atrial Flutter- Oxygen, uncommon in pediatrics. Atrial rate much higher than ventricular rate. 
Cardiovension is the most effetive treatment. 
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Premature Ventricular Contractions (PVCs) - Oxygen and beta blockers. Calcium channel 
blockers can be considered if patient > 1 year old. 

Ventricular Tachycardia- Oxygen, if no pulse, defib. With pulse, b-blockers and calcium 
channel blockers are first line treatments. Antiarrhythmics and ablation are alternatives.    

Ventricular Fibrillation- Rare in the pediatric population. Usually a degeneration from 
ventricular tachycardia (VT).  CPR and Defibrillation is the primary treatment. 
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Review Questions 
1. You are unable to obtain a PCWP measurement. Which of the following could be used to

estimate the PCWP?
a. Mean arterial pressure
b. Pulmonary vascular resistance
c. Pulmonary artery diastolic pressure
d. Pulmonary artery systolic pressure

2. A Swan Ganz catheter has provided the following information from a 17year old, 174-
pound male on a mechanical ventilator:
CVP= 1 cmH20
PAP (mean)= 6 cmH20
PCWP= 3 cmH20
CO= 2.3 lpm

Which of the following is a possible cause:
a. No PEEP
b. Pulmonary Hypertension
c. Over hydration
d. Hemorrhage

3. A mixed venous blood sample is drawn from:
a. Right atrium
b. Right ventricle
c. Superior vena cava
d. Pulmonary artery

4. A super syringe is used to calibrate a:
a. Spirometer
b. ETCO2 monitor
c. Pulse oximeter
d. Volume ventilator
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       5. 
Predicted Observed % Predicted 

FVC (L) 3.10 2.54 81.9 
FEV1 (L) 2.33 1.00 42.9 
FEV1/FVC (%) 75 39 --- 

Based on the information above the patient: 
a. Has a combined obstructive and restrictive disorder
b. Have an obstructive disorder
c. Has a restrictive disorder
d. Has normal PFT values

6. Oxytocin administered to stimulate:
a. Bronchodilation
b. Bronchoconstriction
c. Uterine contraction
d. Pulmonary vascular resistance

7. A bronchial challenge test is considered positive when which is achieved?
a. 20% decrease in FEV1
b. 15% decrease in FEV1
c. 15% increase in VC
d. 20% decrease in VC

8. Your patient has the following data:
• PaO2 = 60 torr
• FiO2 = 0.70

   What is the P/F ratio? 
a. 70
b. 75
c. 80
d. 85
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9. You are caring for a 16 year-old female receiving mechanical ventilation.  She has the
following data:
• PaCO2 = 50 torr
• End-tidal CO2 = 30 torr

    What is the dead space to tidal volume ratio? 
a. 25%
b. 30%
c. 35%
d. 40%

10. Interpret the following rhythm:

a. Normal sinus
b. Sinus bradycardia
c. Sinus Tachycardia
d. Premature ventricular contractions
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Answers 

1. c

2. d

3. d

4. a

5. b

6. c

7. a

8. d

9. d

10. b
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Conventional 
 Mechanical Ventilation 

Part I 

Conventional Mechanical Ventilation 

Objectives: 
- Review ventilator terms
- Discuss ventilator parameters
- Review ventilator calculations
- Practice manipulating total cycle time, inspiratory time,

and expiratory time
 

128



Part I 

Ventilator Terms 
• Control variable: The primary variable the ventilator adjusts to achieve inspiration
• Trigger variable: The trigger variable begins inspiration. The ventilator can start a breath

after a set time (time trigger), or the patient can trigger a breath based on changes in
pressure or flow.

• Limit variable: The limit variable limits the value of pressure, volume, flow, or time.
• Cycle variable: The cycle variable ends inspiration. Only one of four variables can be used

at a given time to terminate inspiration (volume, pressure, flow, or time).

Time Cycled Pressure Limited (TCPL) Ventilation 
• Basic Principles and concepts:

- Time cycle means that inspiration begins and ends based on preset inspiratory time.
- Pressure limit prevent peak inspiratory pressure (PIP) from exceeding desired level.
- Maintained by pressure relief valve.
- Continuous flow provided for spontaneous breathing efforts.
- The most common approach in neonatal mechanical ventilation.

Ventilator Controls 
• Tidal Volume (VT )

- In TCPL tidal volume is influenced by:

- Pressure limit: ↑ Pressure ↑VT

- Inspiratory time: ↑TI ↑ VT

- Flow: ↑ Flow ↑VT

- Patient Effort: ↑Effort ↑VT

- Pulmonary and system compliance: ↓Compliance↓ VT

- Pulmonary and system resistance:↑Raw ↓ VT

• Peak inspiratory Pressure (PIP)
- Initial PIP estimated by pressure required to allow lung inflation and chest movement
during manual ventilation.

- PIP usually started between 20-30 cmH2O
- PIP directly affects tidal volume (VT)

* VT is actually determined by the difference between PEEP and PIP.
- PIP directly affects mean airway pressure (MAP or Paw)
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• Positive End Expiratory Pressure (PEEP)

- PEEP used to establish FRC in newborns.
- PEEP may improve oxygenation, V/Q matching, compliance, and reduce shunt
- PEEP not always good, can increase PVR, decrease venous return, cardiac output,
increase dead space and cause traumatic lung injury.

- PEEP initially set at 2-7 cmH2O in newborn.
- PEEP influences lung inflation, CXR may be used to monitor.

• Inspiratory Flow
- Chest wall retractions and pressure fluctuations on the manometer around the baseline

PEEP may indicate inadequate flow.
- Important to visualize the rise of pressure manometer to the set PIP with mandatory
breaths. If this does not occur, flow may be too low.

- Normal range 5-10 Ipm.
- High flows increase MAP, low flows decrease MAP.
- In TCPL flow does not impact IT or I:E.
- Flow does alter rise time.
- If leak suspected do not increase or PIP to correct, find leak and fix it.

• Inspiratory Time (TI or IT)
- Range of 0.2 to 0.5 second for neonates with IRDS.
- Range of 0.6 to 0.8 second appropriate for infants with chronic lung disease.
- IT and respiratory rate primary controls for I:E ratio
- IT directly influences MAP.
- IT affects hemodynamic pressures.
- Short IT leads to decreased VT.
- Prolonged IT leads to ventilator asynchrony.

• Inspiratory to Expiratory (I:E) Ratio
Total cycle time (TCT) is the total time for one full breath 

(Inspiration plus expiration) 
TCT = IT + ET 
Example: if IT = 2 seconds and ET = 4 seconds, TCT= 6 seconds 

             To determine ventilator respiratory rate: 
60seconds in a minute, so 60 sec   = 10 breaths per minute 

        6 sec 

- If TCT = 6 seconds and IT = 2 seconds, ET = 4 seconds
- If TCT = 6 seconds and ET = 4 seconds, IT = 2 seconds
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Determine ET and I:E ratio: 
- If frequency = 20 then TCT = 3 seconds
With an IT of 1 second (TCT-IT=ET)
ET= 2seconds
I:E ratio of 1:2.

- If frequency = 30 then TCT = 2 seconds
With an IT of 0.5 second (TCT-IT=ET)
ET= 1.5 seconds
I:E ratio of 1:3.

• Mean Airway Pressure (MAP and Paw)
- TCPL ventilators do not directly control MAP.
- Increasing MAP may have a positive impact on oxygenation.
- Excessive MAP can result in poor hemodynamics and lung injury.
- Normal range 10-14 cmH2O.
- Increases in PIP, IT, RR, PEEP, and Flow all increase MAP.
- Decreases in PIP, IT, RR, PEEP, and Flow all decrease MAP.

• Respiratory rate or Frequency:
- Impacts TCT and I:E Ratio.
- RR x VT = VE, so RR influences PaCO2.

- Increasing RR results in elevated MAP.
- Normal range 20-40 in the newborn, 12-20 in pediatrics.
-

• FiO2:
- Used primarily with PEEP / CPAP to improve oxygenation.
- Normal initial range 30-60% with low PEEP <5 cmH2O (usually 2-4).
- Oxygenation goal for neonate is a PaO2 of 50-70 mmHg.
- When FiO2 below 30-40% and PaO2 is acceptable consider further decrease in PEEP and
or MAP.

Guidelines: 

To improve Oxygenation: 
- Increase FiO2 up to 60%
- Increase PEEP to 8 cmH2O.
- Increase PIP to approximately 30 cmH2O.
- Consider changes to IT and RR.
- Additional increase to FiO2 and PEEP, one change at a time.
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To decrease PaCO2, increase ventilation by: 
- Increase PIP
- Increase RR
- Consider changes in PEEP and inspiratory time.
- One step at a time.

Volume cycled ventilation 
• When pre-set volume is reached, the breath ends, PIP varies.
• In volume cycled ventilation higher flow rates result in shorter inspiratory times.
• Volume ventilation is common in Pediatric care, uncommon in  Neonatal care.

- Normal range 4-6 ml/kg in the newborn.
- Normal range 5-8 ml/kg in pediatric care.
- Corrected tidal volume must be used.

Corrected Tidal Volume
• Compressible volume must be determined, varies depending on type of circuit used.

Determining the compressible volume (done off patient):
1. Ensure no leaks in circuit.
2. Set VT to 200 mls, PEEP to 0, inspiratory pause to 2 seconds and HPL to

maximum.
3. Occlude Y connector and cycle ventilation.
4. Note plateau pressure.
5. Measure exhaled volume.
6. Compressible volume factor = measured exhaled volume divided to plateau

measure.

If measured volume is 200 mls and plateau pressure is 70 cm H2O, the factor is 
200 ml/70 cmH2O, or 2.9ml/ cm H2O. 

• Corrected tidal volume = Set VT – Compressible volume

Compressible volume determined by:
(PIP-PEEP) x Tubing compressible volume factor, so

1. If PIP 30, PEEP 5, Compressible volume factor 2.9 and exhaled volume 200.
2. 30-5 = 25
3. 25 x 2.9 = 73ml
4. 200-73 = 127ml

Corrected tidal volume in this case is 127 mls. 
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Determining VT with Flow and Inspiratory Time 

• Determining VT with Flow and Inspiratory Time:
1. VT equals Flow rate (ml/sec) x Inspiratory Time (sec)
2. Therefore, required flow equals VT / Inspiratory time
3. Conversion of lpm to ml/sec, multiply lpm by 16.7
4. Conversion of ml/sec to lpm, multiply ml/sec by 0.06.

Example: 
What is the approximate delivered VT if flow 10 lpm and Inspiratory time is 0.5 second? 
*10 lpm x 16.7 x 0.5 = 84ml.

Determining Flow with Tidal Volume and Inspiratory time 

• Determining Flow with Tidal Volume and Inspiratory time:
1. VTequals Flow rate (ml/sec) x Inspiratory time (sec)
2. Therefore, required flow equals VT / Inspiratory time
3. Conversion of lpm to ml/sec, multiply lpm by 16.7
4. Conversion of ml/sec to lpm, multiply ml/sec by 0.06.

Example: 
What flow is needed to deliver a 100ml breath with an Inspiratory time of 0.8 second?
*100ml / 0.8 x 0.06 = 7.5 lpm.

Static Compliance 
Exhaled VT – Compressible Volume 

Plateau Pressure 

If Plateau pressure = 35, PEEP = 5, VT = 500, Compressible volume = 105; 
=   500-105 

35-5

=  395= 13.2 ml/cm H2O 
     30 

When evaluating Dynamic compliance peak pressure is used instead of Plateau Pressure. 
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Airway Resistance (RAW)

 PIP - PpL 
V

The peak airway pressure is 30 cm H2O, plateau pressure is 10 cm H20 and the flow 50 
lpm. What is the airway resistance?

30-10
50/60

20
8

25 cm H20/l/sec
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Review Questions 
1. An infant is being ventilated in the TCPL mode. The expiratory phase of the breath will

begin when which of the following preset limits are reached?
a. Flow
b. Time
c. Pressure
d. Volume

2. Which of the following methods would you recommend to determine the initial PIP for an
infant?
a. Estimate based on infant’s weight
b. Place infant on the ventilator and adjust PIP to desire volume.
c. Manually ventilate the infant and observe the pressure required to inflate the lungs and

allow acceptable chest expansion.
d. Call the RT director at home and ask for opinion.

3. What is the approximate VT if the flow is 7.5 lpm and the inspiratory time is 0.5 second?
Answer:

Hint: VT = flow (ml/sec) x IT 

4. What is the inspiratory time if the respiratory rate is 15 bpm with an I:E ratio of 1:4?
Answer:

Hint: TCT = 60/ 15 = 4 seconds 

5. What minute volume would you need to deliver a VT of 25 mls at a rate of 50 bpm?
Answer:

Hint: Minute volume = VT x RR 

6. Which of the following variables is responsible for beginning inspiration?
a. Trigger
b. Cycle
c. Limit
d. Baseline

7. Which of the following methods of ventilation may be most appropriate in the preterm?
a. Volume limited, pressure cycled
b. Pressure limited, flow cycled
c. Pressure cycled, volume limited
d. Time cycled, pressure limited
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8. Which of the following variables determines tidal volume in time-cycled pressure limited
ventilation?
a. EPAP
b. Peak inspiratory pressure
c. Oxygen percentage
d. Plateau pressure

9. Mean airway pressure increases with increases in all of the following, except:
a. PIP
b. PEEP
c. RR
d. TCT

10. Chest wall retractions and pressure fluctuations on the manometer around the baseline
PEEP may indicate
a. Inadequate inspiratory flow
b. Excessive inspiratory flow
c. Elevated PEEP
d. Sensitive flow trigger
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Answers 

1. b

2. c

3. VT = 7.5 x 16.7 x 0.5 = 63 ml

4. Inspiratory time = 4 / (1+4) = 4 / 5 = 0.8 second

5. Minute volume = 25 x 50 = 1,250 ml or 1.25 L

6. a

7. d

8. b

9. d

10. a
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Equipment 
& Devices 

Objectives: 
• Provide review of oxygen a nd aerosol equipment
• Discuss nitric oxide delivery
• Review via non-invasive monitoring devices
• Discuss equipment quality co ntrol and disinfection

measures
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EQUIPMENT AND DEVICES 

Oxygen Delivery Devices 
Low Flow Sytem 

• Partially supports the patient’s flow demand
• For stable patients (normal RR, pattern and constant V1)
• Nasal cannula flow range:

o Newborn: 0.025- 2L/min.
o Pediatric: 1-6 L/m

• Delivers FiO2 0.24 to 0.40
o (FiO2 increased by 4% for every 1 L/min increase in  flow)

• Special low flow meter used for flow less than 0.5 L/min.
• Humidification should be provided to minimize drying of upper airway mucus

High Flow System 

HFNC oxygen therapy minimizes or eliminates the inspiration of room air that occurs during 
low flow oxygen therapy. High gas flow rates wash out anatomic deadspace. Efficient 
humidification and heating by commercial high flow devices allows gas to flow at high rates 
and be well tolerated and comfortable for patients.

• Exceeds the patients total inspiratory demand.
• Correct prong mask fit and the addition of a reservoir determine the amount of oxygen 

delivered to the patient.
• Mostly used in pediatric/adult patients.
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Non-rebreather mask 
• Commonly used to deliver up to 90% O2  during emergency situations
• It is also used to administer mixed gases (He/O2, CO2/O2)
• Do not administer Nitric Oxide via NRB mask
• If bag collapses more than half during inspiration increase the flow rate
• If the bag does not partially collapse on inspiration, then:

- There is is a leak
- The one-way valve on the reservoir bag is stuck, replace the non-rebreather mask
- The flow rate is too high (>15 L/min.) decrease flow
- High concentration NOT high flow

Venturi Mask 
• Able to deliver specific or precise concentration of FiO2

• Increasing or decreasing the flow rate does not change the set FiO2

• Increasing or decreasing FiO2 can change the total flow delivered to the patient
• Any change made to the FiO2 will change the size of the orifice on the jet adapter and the

entrainment port
• Mask should be made of clear material
• Humidification can be provided with a nebulizer

Oxyhood / Tot huts 
• Is composed of clear plastic and is a square or cylindrical in structure
• It surrounds the infant's head
• Flow rates of 10-15L/min. is recommended in order to maintain higher FiO2

• FiO2 should be monitored close to the infants face due to layering of Oxygen
• Heated humidification should be provided using a nebulizer or humidifier delivery device
• Maintain normal temperature inside the hood
• If using heated humidification device make sure overheating does not occur incrased

temperature can cause apnea and dehydration
• If the temperature is too cold the infant’s O2 consumption will increase due to an increase

in the patient’s physical metabolism
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Humidity 
The presence of water vapor or water molecules in a gas is considered humidity 

• Body Humidity is 100% saturation of the delivered gas at normal body temperature
(37oC)

• With a normal body temperature (37o C) the content of water vapor is 44mg/L of gas at
a water vapor pressure of 47mmHg

• Humidification should be added while administering any therapeutic dry gas
- Prevent insensible water loss
- Prevent the formation of thick secretion

Types of Humidifiers 
HME (Heat and Moisture Exchanger) 

• It has an absorptive hygroscopic material that uses the heat and moisture from the
patient’s own exhaled air

• Used for short term ventilation
• It should be connected between the circuit wye and the patient’s artificial airway
• The HME must be removed prior to aerosol therapy
• Addition of HME will create a small amount dead space
• Patients who have thick or copious secretions are not ideal candidates for HME use
• An HME that is clogged due to excessive secretions can cause increased airway resistance

and peak pressures

Bubble Humidifier 
• Non-heated form of humidification
• Prior to patient set up check the pressure pop off valve to make sure it is working
• If the inlet gets clogged it will prevent the pop off valve from alarming
• Proper humidification depends on the water level in the humidifier
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Wick and Cascade Humidifier 
• Heated humidification system
• It delivers 100% body humidity (44mg/L at 37 C°
• Decreased cross contamination risk due to formation of vapor as opposed to the

formation of aerosol particles
• The humidification process is efficient because it increases the surface area of the gas

water interface
• Ideal for patients on mechanical ventilation

Aerosol Delivery Device 
 Jet Nebulizer 

• They are pneumatically powered
• Also known as Small Volume Nebulizer (SVN)
• Used mostly to nebulize small doses of medications
• The particles size generated fall anywhere between 0.5 – 3.0 microns
• Loose baffle  can alter aerosol delivery
• Change every 24 hours to prevent contamination
• Encourage pediatric patients to use mouthpiece as opposed to mask

Large Volume Nebulizer (LVN) 
• Used mostly to deliver bland aerosol for humidification purposes
• Can be heated or non-heated
• Any water buildup in the tubing will cause less air entrainment and hence cause  the FiO2

to increase
• Most disposable units have a venturi air entrainment system for precise delivery of

oxygen
• Clogged capillary tube or an improperly assembled unit can cause a decrease in the mist

formation
• Low flow rates can affect the density of the mist
• Do not empty condensation in the tubing back into the reservoir

Vibrating Mesh Nebulizer 
• Uses electricity to vibrate an aperture plate (1,000 funnel shaped holes) at 128kHz

• The vibrating mesh produces aerosol through the holes by means of a micro pumping
action

• It aerosolize >90% of the drug dosage with very low residual drug volume
• It generates low velocity aerosol plume compared to a jet nebulizer / pMD1
• No external gas source is required hence no change in ventilator pressure or volume
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Ultrasonic Nebulizer 
• A piezoelectric crystal is used to convert electrical signal into high-frquency vibrations

(1.2 MHz)
• These high frequency vibrations travel through the fluid and the medication cup to form

an ultrasonic wave
• Ultrasonic waves produce aerosol in the range  of 1-5 microns
• It generates a low velocity aerosol plume compared to a Jet nebulizer / pMDI
• No external gas source is required hence no change in ventilator / pressure or volume

Small Particle Aerosol Generator (SPAG) 
• The only nebulizer specifically used to deliver the drug Ribavirin (Virazole) for

inhalation in the treatment of Respiratory Syncytial Virus (RSV)
• The median particle size 1.3 microns
• Pneumatically powered and the pressure is maintained at 26 psig
• Administered for 12-24 hours per day. The regimen may last 3-5 days
• A scavenger evacuation system should be installed in the room to effectively remove any

excess particles and also minimize contamination of the ambient environment

Pressurized Metered Inhaler (pMDI) 
• A pressurized canister that contains the drug suspended in a mixture of propellants,

surfactant, preservatives and dispersal agents
• No more chlorofluorocarbon (CFC)
• Mostly hydrofluoroalkane (HFA) are used in pMDI
• New MDI have built in dose counters
• Can be used in line with a ventilator
• The canister has to be primed
• Patient coordination is very essential for the correct delivery of the drug
• MDI should be used with a chamber or spacer to increase efficacy of delivery of the drug
• The patient should hold their breath for 4–10 seconds before exhaling (use inspiratory

breath hold on a ventilator)

Spacers Valved Holding Chambers (VHC) 
• Accessory device that are used mostly with MDIs to reduce drug deposition in the

oropharyngeal area.
• Improve drug delivery in the distal region.
• Minimize drug loss associated with improper hand – breath coordination.
• Use VHC with mask for infant/pediatric patients.
• Valved holding chambers have a one-way valve that permits the aerosol particles to exit

the chamber only during inspiration.
• Spacers can be used in line with a ventilator circuit.
• Actuate only one dose at a time into the spacer/chamber.
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Dry Powder Inhaler (DPI) 
• Medication is in powder form
• They are breath actuated so requires less patient coordination
• DPI require higher inspiratory flow rate compared to MDI ( > 60 lpm)
• Do not  exhale into the device to avoid clumping or caking of the powder.
• They are available as multi dose or single dose devices.
• Cannot be used with a ventilator.
• Most DPI have steroid medication so instruct the patient to rinse their mouth post

treatment.

Inhaled Nitric Oxide Therapy 
Nitric Oxide 

• Colorless, non-flammable and almost odorless gas used for therapeutic purpose via
inhalation

Inhaled Nitric Oxide (iNO) Therapy 
     FDA Indications for Nitric Oxide Therapy: 

• (HRF) Hypoxic respiratory failure of the newborn
• (PPHN) Persistent pulmonary hypertension of the newborn

>35 week gestation
• Off Label Use:

- Respiratory distress syndrome (RDS)
- Congenital heart defects

• Produce selective pulmonary vasodilation
• Improves blood flow and improves V/Q mismatching
• Reduces pulmonary vascular resistance
• Reduces pulmonary artery pressure
• Improves PaO2

• NO is a short-lived vasodilator
• Half life of 0.1 – 3.0 seconds
• After NO diffuses into the capillaries it quickly binds with hemoglobin
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Dosage and Route of Administration 
• Starting therapeutic dosage 20ppm

- The range of 2 to 20 ppm is clinically effective with relatively few adverse effects
noted in clinical trials.

- Higher dose ranges of 40-60 ppm can be used but have shown to be less beneficial
with a higher adverse effect.

• Nitric Oxide can be administered to both patient groups
- Mechanically ventilated patient
- Non-intubated patient

• NO can be administered to non intubated patients via low flow nasal cannula, high flow
nasal cannula or simple mask. (Do not use non-rebreather mask).

Inhaled Nitric Oxide (iNO) Therapy 
• The delivery system calibrates three sensors NO, NO2 and O2

• There is a two point calibration process
• Low range calibration- done prior to  patient set up and once each shift
• High range calibration done at least once a month or when sensor malfunctions

after low calibration.
• Calibrations can be performed with the patient still connected to the ventilator but care

should be taken not to make any changes during the calibration process.

     Injector Module = Brain 
• The module delivers the set NO dose (ppm) with every inspiration regardless of the

change in flow rate
• The module is always connected to the dry port of the humidifier

iNO Therapy and HFV 
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• When using with HFV always use a one way valve:

One way valve for 
Oscillator 

One way valve for Jet 

Nitric Oxide Therapy 

Discontinuation Process 
    Patient on NO therapy should be weaned slowly to minimize rebound effect 

• Oxygen is weaned first to achieve an acceptable PaO2 on FiO2  of 0.40 or less
• The nitric oxide dose should be decreased in small increments as low as 2ppm
• Once the nitric oxide dose is decreased to 2ppm or less the therapy can be discontinued
• Rapid decrease or discontinuation can lead to severe hypoxemia & increased pulmonary

artery pressure

Nitric Oxide Therapy – Adverse Effects Include 
• Methemoglobinemia
• Excess production of nitrogen dioxide (NO2)
• Pulmonary edema
• Platelet inhibition
• Rebound hypoxemia & pulmonary hypertension
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Nitric Oxide Therapy – RT Consideration 
Methemoglobin is an abnormal type of hemoglobin that is incapable of oxygen transport, thus 
reducing delivery capacity, which can cause arterial & tissue hypoxemia at high levels. 

• Maintain MetHb well below 3%
• Blood turns chocolate brown color with higher level of methemoglobin

Nitric Oxide (NO) + Oxygen (O2) = Nitrogen Dioxide (NO2). Nitrogen dioxide is a toxic gas 
and can cause direct damage to the respiratory tract. 

• Maintain Nitrogen Dioxide (NO2) level (<) 2ppm

• Titrate or discontinue NO therapy if any of these levels increase.

• Patients on mechanical ventilation receiving nitric oxide therapy should always be
resuscitated or bagged with nitric oxide (same ppm) and O2

• Not 100% O2 alone

• Squeezing the bag couple of time prior to patient connection flushes out any NO build up
in the bag

Non Invasive Monitoring Devices 
Capnography – Quantitative device 

• CO2 is measured by infrared (IR) radiation.
• The CO2 molecules absorb the infrared light.
• The sensor should be placed between the patient’s airway and the ventilator circuit wye.
• EtCO2 reading correlates very well with arterial CO2 change. EtCO2 will read lower than

actual arterial CO2 by 3-10mmHg.
• Excess secretions and water from the circuit can cause false reading.
• Calibrate the device on room air prior to patient set up.
• Disconnection results in a flat line with a reading close to zero.

Phase 1 
• Baseline, exhalation of anatomical

dead space

Phase 2 
• Rapid rise in exhaled CO2.  Measures

CO2 from dead space and alveoli
Phase 3 

• Alveolar Plateau with CO2  rich alveolar
gas is exhaled

• The peak measurement is the end-tidal
CO2 measurement
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Asthmatic Capnography Waveform 

• EtCO2>45mmHg
• Loss of alveolar plateau
• Shark fin wave appearance

Pulse Oximetry (monitors oxygenation) 
Continuous non-invasive measurement of arterial hemoglobin saturation (%) and pulse. 

• The probe consists of two light emitting diodes (Red and infrared) and a photo detector
• Oxygenated hemoglobin absorbs more infrared light than red light
• Deoxygenated hemoglobin absorbs more red light than infrared light
• The spectrophotometer calculates the ratio of the red/infrared signal. The calculated ratio

is converted into SpO2  value
• Beer’s law, the amount of light absorbed is proportional to the hemoglobin concentration

Oxyhemoglobin and deoxyhemoglobin absorbs red and infrared light differently
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Pulse Oximetry 
• Any interference with the light transmission or low perfusion can affect the accuracy of

the pulse oximeter
• The accuracy of the measured SpO2 is accurate to within + or -2% of the calculated value

as long as there is good perfusion and the patient’s saturation is above 70%
• Inaccurate values in the presence of metHgb and COHgb
• Bright light, hypotension, hypothermia, bright nail polish, improper probe placement,

eletromagnetic radiation, seizures, shivering, and abnormal hemoglobin can cause false
reading

Transcutaneous Monitor 
       A  heating plate with two electrodes that measures PO2 (clark) and CO2 (severinghaus) is     
       placed on the skin surface. 

• The membrane that covers the sensor should be changed and the sensors calibrated prior
to patient set up

• Calibration is done mostly on 0.21 FiO2 using a calibration gas with known values of PO2

and PCO2. A zeroing solution is also used in between the membrane and the sensor
• A baseline ABG should be obtained to compare the transcutaneous values
• The electrode is placed over flat area of the body with a good perfusion- right upper chest
• In patients with patent ductus arteriosus and right to left shunt, transcutaneous p02 will be

higher on the right upper thorax
• The electrode is secured against the skin via an adhesive fixation ring
• A water-based solution is used between the electrode and skin to rid any air and get a

good seal
• The electrode is heated anywhere from 37-44 degree centigrade to improve blood flow

and further help gas diffusion across the skin
• The electrode site is changed every 4 hours to prevent erythema.  This primarily depends

on the infant and the temperature used to the electrode
• PtCO2 will read higher than actual  PaCO2

• PtO2  will read lower than actual PaO2

      Troubleshooting 
• Any sudden (decrease) in the CO2 reading  mostly indicates a loose sensor

• Decreased perfusion, skin thickness, shock, and hypotension can cause
inaccurate readings

• Any sudden increase in oxygen values mostly indicate an air bubble or a torn membrane

• Avoid bony and depressed/cavitated areas
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Pulse CO-Oximeter 
• Provides non-invasive continuous monitoring of carboxyhemoglobin (COHb),

methemoglobin (MetHb), oxyhemoglobin (O2Hb).

Traditional CO-Oximeter/Hemoximeter 
• Requires blood sample (invasive)
• Non-continuous measurement
• Gold standard for evaluating patients suffering smoke inhalation, determination of

carboxyhemoglobin and methemoglobin levels

Transilluminator 
A device with bright cool LED light that is used to pass light through a body part or organ 
for medical examination 

Indication: 

• Aid in visualizing artery, vein for ABG puncture or IV insertion
• Used on infants when pneumothorax is suspected:

- Asymmetric chest movement, trachea/mediastinum shift, decreased breath sounds
- If pneumothorax is present the entire upper thoracic cage will light up
- If pneumothorax is absent – a halo of light will be seen at the point of contact
- CXR should be ordered to confirm pneumothorax

Mixed Gas Delivery 
Air Oxygen Blender 
A medical device that enables mixing of Air and Oxygen to produce a gas with a desired FiO2

(0.21-1.0) 
• Air and Oxygen inlet
• Two/Three outlets for the mixed gas.

- High flow outlet
- Low flow outlet

• Proportioning valve
• Alarm for low inlet pressure

- Check for air and oxygen source for any loose connection and drop in pressures
• Air / Oxygen blender does not have built-in oxygen analyzer therefore any device that

uses a blender should be checked via O2 analyzer to determine the accuracy of the
delivered FiO2
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Oxygen Analyzers 
Galvanic sensor (Fuel cell) 

• Consists of two different electrodes in an aquaeous electrolyte solution (potassium
hydroxide)

• In the presence of oxygen molecule an oxidation/reduction process takes place which
produces an electric current

• The current produced is proportional to the oxygen concentration in the sample
• Displayed as a percentage
• Accuracy can be affected by high ventilator pressures, altitude changes and water on the

sensor
• Replace the fuel cell if calibration fails

Polarographic sensor (Clark cell) 
• Consists of two different electrodes in an aquaeous electrolyte solution

(potassium chloride)
• Oxidation/reduction process takes place in the presence of oxygen molecule but an

external electric charge is used to polarize the electrode
• The current produced is proportional to the oxygen concentration in the sample
• Displayed as a percentage
• Accuracy can be affected by high ventilator pressures, altitude changes and water on the

sensor
• Replace battery if false readings occur or unable to calibrate

Disinfection 
Is the process of eliminating all vegetative pathogenic microorganisms except bacterial spores. 
There are disinfectants that will kill spores with prolonged exposure time, known as chemical 
sterilants (used for heat sensitive material). 

Pasteurization – Uses water for disinfection. 
• Physical disinfection process that uses hot water to kill all pathogenic organisms
• Time and temperature for hot water is 70 degrees centigrade for 30 mins.

Chemical Method– uses Alcohol for disinfection 
• Works by denaturing the protein of the microbe
• Bactericidal, fungicidal, tuberculocidal and virucidal
• They are not sporicidal
• Ethyl alcohol and isopropyl alcohol are most effective in the 70-90% concentration
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Sterilization 
In the process of destroying all forms of microbial life. 
Steam Sterilization (Autoclave) 

• Is a physical process
• Not for heat sensitive material
• The steam chamber should be free of air because entrapped air greatly affects steam

permeation and uniform healing of the chamber
• Heat sensitive test sheets, tapes and biological indicators are used for quality control to

ensure the proper functioning of the equipment
• Steam and pressure (15 psi) are applied at a certain temperature (121 degrees) for a

period of time (20 min)
• All soiled equipment must be separated and cleaned with soap and water prior to

sterilization and disinfection

Chemical Sterilization – Uses Ethylene Oxide (EtO) 
• EtO is a chemical gas
• Used for temperature and moisture sensitive material
• EtO’s microbicidal action is due to the alkylation of protein and enzymes
• Ethylene oxide is a carcinogen
• Important parameters that affect the sterilization process

• Concentration of the gas: 800-1200mg/l
• Temperature : 37-63 degree Celsius
• Relative Humidity :   40-80%
• Exposure Time :
• Aeration time :

1-6 hours
12 hours

Chemical Sterilant 

Disinfect/ Sterilize 

Alkaline glutaraldehyde (Cidex) 
• pH :  7.5 – 8.5
• Sterilization time :   10 hours (sporicidal)
• Fully potent for 14 days
• Common chemical used to disinfect  bronchoscope

Acid gluteraldehyde (Sonacide) 
• pH : 2.5 – 3.5
• Sterilization time : 1 hour (sporicidal)
• Fully potent for  28 days
• Commonly used for disinfecting flow sensos
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Review Questions 

1. All but which of the following will cause the pop-off to sound on a bubble humidifier?
a. Nasal cannula that is kinked
b. Clogged inlet filter
c. Nasal cannula that is clogged
d. Flowmeter set too high

2. The reservoir of a disposable bubble humidifier has 5ml of water remaining. It would be
most appropriate to:

a. Refill the reservoir with tap water
b. Replace the humidifier set-up
c. Refill the reservoir with distilled water
d. Continue running the reservoir

3. Which of the following principles is utlized in a monitor with a Clark cell to assess
oxygenation?

a. Polarography
b. Spectrophotometry
c. Infrared absorption
d. Hysteresis

4. What is the preferred location for placing a transcutaneous electrode on an infant with
suspected cardiac anomalies?

a. Right upper thorax
b. Lower third of the sternum
c. Right ear lobe
d. Index finger

5. While calibrating a polargraphic oxygen analyzer you notice that the analyzer reads 21%
when exposed to room air. When the analyzer is exposed to 100% oxygen it only reads 79%
oxygen.  The most appropriate action would be to:
a. Reset the zero point
b. Replace the battery
c. Repalce the fuel cell
d. Add electrolyte solution
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6. You are asked to administer ribavirin to a 4 year old child with RSV.  What device should
it be adminstered with?
a. Ultrasonic nebulizer
b. Small volume nebulizer
c. Cascade
d. Small particle aerosol generator

7. Which of the following devices would best provide humidification during time cycled
pressure limited mechanical ventilation?

a. Wick humidifier
b. Reverse humidifier
c. Large volume nebulizer
d. Heat and moisture exchanger

8. You are mechanically ventilating a 14 year old male patient in VC-CMV. You note that the
HME is clogged with thick respiratory secretions.  The most appropriate action is to:
a. Rinse the HME with distilled water
b. Replace with a new HME
c. Increase temperature on the HME
d. Replace it with a Wick humidifier

9. An 11 year old patient is removed from a house fire. Which of the following would NOT be
appropriate in the care of the patient?
a. Pulse oximeter
b. ABG kit
c. Manual resuscitation
d. Oxygen

10. Which of the following describes Phase #1 of the capnograph tracing.
a. Baseline, exhalation of anatomical dead space gas
b. Rapid rise in exhaled CO2.   Measures CO2 from dead space and alveoli
c. Alveolar Plateau with CO2  rich alveolar gas is exhaled
d. The peak measurement is the end tidal CO2 measurement
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Answers 

1. b

2. b

3. a

4. a

5. b

6. d

7. a

8. d

9. a

10. a
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Conventional  
Mechanical Ventilation 

Part II 

 
 
 
 

Objectives 
• Define modes of ventilation
• Review disease specific ventilator strategies
• Explain complications of mechanical ventilation
• Discuss non-invasive approaches to improving gas

exchange
• Review graphical analysis of mechanical ventilation
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Two primary types of ventilation 
• Pressure limited - Time cycled pressure limited (TCPL), Pressure Control

Ventilation (PC) 
• Volume limited  -Volume control ventilation (VC), Volume  Guarantee

(VG) 

Modes of Ventilation 
• Controlled Mandatory Ventilation (CMV)
• Assist Control (AC)
• Synchronized Intermittent Mandatory Ventilation (SIMV)
• Pressure Support Ventilation (PSV)
• Continuous Positive Airway Pressure (CPAP)
• Airway Pressure Release Ventilation (APRV)
• Neurally Adjusted Ventilatory Assist (NAVA)

Assist - Control – Minimum minute ventilation guaranteed, respiratory rate and tidal volume is 
set. The patient can increase their minute ventilation by triggering patient initiated machine 
breath.  • Coma

• Intracranial bleed – maintain intracranial pressure (ICP)
• Patients on neuromuscular blocking agent

SIMV- Preferred mode among infants and pediatric population. Patient is able to increase their 
minute ventilation above the set minute ventilation (Rate x VT/ PIP) by spontaneous breathing. 

• Better patient – ventilator synchrony
• Lower mean airway pressures
• Preservation of respiratory muscle function

CPAP – Mostly used with non-invasive positive pressure ventilation 
Patient has to be spontaneously breathing and initiate all breaths. 

• Primarily used for improving oxygenation
• Weaning mode- does not provide full ventilator support
• Increases FRC and decreases WOB
• Primary control is PEEP
• CPAP mode may not have back up apnea ventilation
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Neurally Adjusted Ventilatory Assist (NAVA) 
CV breath sequence 

1. CNS
2. Phrenic nerve
3. Diaphragm excited
4. Diaphragm contracts
5. Chest wall and lungs expand
6. Airway pressure change
7. Ventilator senses change
8. Ventilator delivers a breath

NAVA Breath sequence 
1. CNS
2. Phrenic Nerve
3. Diaphragm excited
4. Ventilator delivers a breath

Benefits of NAVA 
• Invasive and non-invasive
• Eliminates patient-ventilator asynchrony
• Not affected by auto-PEEP or any ineffective trigger mechanism
• Captures diaphragm EMG – Used as a tool to adjust ventilator pressure support
• Increase patient comfort
• Promotes spontaneous breathing

Disadvantages of NAVA 
• Cost of catheter
• Incorrect insertion technique

Airway Pressure Release Ventilation(APRV) 
• Spontaneously breathing patients – CPAP with intermittent release in

pressure
• Full support/apneic patients – Pressure control with inverse ratio ventilation
• Used mostly on ARDS patients
• Primary goal  - Oxygenation
• Secondary goal - Promotes patient’s spontaneous breathing

TYPE: APRV/BiLEVEL 
• Same concept but terminology and setting vary slightly based on type of

ventilator
Carefusion AVEA – APRV 
PB 840 – BiLevel2

Servo 1 – Bi Vent1

• PS setting is also different based on the ventilator
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Four commonly used terms: 
• Pressure high:  Phigh/PEEP H2/Phigh1

• Time high:  Thigh/ T H2/Thigh1

• Pressure low: Plow/PEEP2/PEEP3

• Time low: Tlow/Tl2/TPEEP3

APRV VENTILATION 
Benefits of APRV 

• Improves oxygenation by increasing MAP
• Decreases VILI
• Decrease oxygen toxicity
• Improves V/Q matching
• Decreased need for sedation/ NMB
• Facilitates spontaneous breathing
• Improves hemodynamic profile

Disadvantages of APRV 
• Variable tidal volume (V1)

• V1 affected by compliance and resistance
• Patient – ventilator dysynchrony

• Non-sedated, spontaneously breathing patient
• Adequate spontaneous ventilation is necessary to augment CO2 removal
• Risk for Auto-PEEP
• Improvement in oxygenation is seen after several hours

ABG indication of respiratory failure 

Pediatric 
<7.20 pH <7.30 
>60mm Hg PaCO2  >50 mm Hg
<50 mm Hg PaO2 <70 mm Hg
<88% SaO1  <88%

(on FiO2> .60) 

Infants 
pH 
PaCO2
PaO2  
SaO1  
(on FiO2>.60) 
SpO2 >88% SpO2>88% 
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Key factors-Initial ventilator settings: 
Age and weight 

• Full term/ Pre-term/ Pediatric
• Estimate initial V1

Level of consciousness 
• Full support/ Partial support

Diagnosis and clinical condition 
• Volume Ventilation – Pediatric/Adult
• Pressure Ventilation – Neonate

Severity and prognosis of the clinical condition 
• Conventional Mode vs. Advanced Mode

Initial Ventilator Parameters: 

Pediatric 
VT: 6-8 ml/kg 
RR: 12-25 bpm 
PEEP:2-3 cm H2O 
PIP: <35 cm H2O 
Flow:8-15 L/min 
FiO2: <0.60 

Infant  
VT: 4-6 ml/kg  
RR:20-40 bpm  
PEEP: 2-3 cm H2O 
PIP:< 30cm H2O 
Flow: 6-10 L/min 
FiO2:<0.60  
IT: 0.25-0.5  IT: 0.6-0.8 

Weaning Criteria: 
• The primary reason for initiating mechanical ventilation has been reversed or is

resolving
• The ABG is within the normal range

• pH: 7.35 - 7.45
• PaCO2: 35-45mm Hg
• PaO2: 60-80 mm Hg
• SaO2: > 90%
• FiO2   ≤ 0.40
• PEEP ≤ 5 cmH2O
• Negative Inspiratory Force (NlF) > 20 cm H2O
• Vital capacity > 10 mL/kg
• Rapid shallow breathing index (RSBl) < 105
• PaO2/FiO2 ratio (PF/Ratio) > 300
• Positive leak test around the artificial airway
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Complications of Mechanical Ventilation: 
• Ventilator Associated Pneumonia (VAP)
• Oxygen toxicity
• Cardiovascular effects
• VlLl – Ventilator induced lung injury

• Volutrauma – damage to alveoli due to over distension
• Barotrauma – damage to alveoli due to excessive pressure
• Atelectrauma – damage to alveoli due to the repetitive closing and

requiring higher pressures in order to re-open
• Biotrauma – damage to alveoli caused by certain pro-inflammatory

mediator cell released due to overstretching of the alveoli
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Review Questions 
1. Which of the following would be the most appropriate ventilator for a pre-term infant?

a. Pressure cycled ventilator
b. Constant / variable pressure generator ventilator
c. Pressure limited, time cycled ventilator
d. Volume limited m pressure cycled ventilator

2. An adolescent with a neuromuscular disorder receiving volume ventilation should receive
a tidal volume in which of the following ranges?
a. 1-2 ml/kg
b. 2-4 ml/kg
c. 5-8 ml/kg
d. 10-15 ml/kg

3. Which of the following would be the most appropriate initial ventilator settings for a 4
day old male infant with viral pneumonia who requires mechanical ventilation?
a. PIP: 14, IT: 1.0 second, Flowrate 6 lpm, RR: 46
b. PIP: 18, IT: 1.3 seconds, Flowrate 8 lpm, RR: 25
c. PIP: 20, IT: 0.6 seconds, Flowrate 10 lpm, RR: 20
d. PIP: 30, IT: 0.2 seconds, Flowrate 15 lpm, RR: 6

4. An infant with intracranial hemorrhage is being mechanically ventilated. The last ICP
reading was 25 mmHg. The goal is to maintain the ICP< 20mmHg. Which ventilator
change is best suited to accomplish this goal?
Current vent settings:

PlP  16, PEEP +4, lnspiratory time 0.6, Rate: 
35, FiO2 0.60, Flow: 8 lpm  

ABG:  pH: 7:35, PaCO2: 43, PaO2: 77, HCO3:23, BE -1, SaO2 91% 
a. Increase the PlP
b. Increase the FiO2
c. Increase the Rate
d. Decrease the PEEP

5. Which of the following would be the most appropriate initial ventilator settings for a
premature infant in IRDS?
a. PIP: 25, IT: 0.6 sec, Flowrate 10 lpm, RR: 30
b. PIP: 25, IT: 0.9 sec, Flowrate 4 lpm, RR: 20
c. PIP: 20, IT: 0.2 sec, Flowrate 14 lpm, RR: 25
d. PIP: 15, IT: 0.4 sec, Flowrate 10 lpm, RR: 6
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6. Pressure support and CPAP are most commonly used to:
a. Wean patients from mechanical ventilation
b. Prevent MAS - Meconium aspiration syndrome
c. Prevent IRDS - Infantile respiratory distress syndrome
d. Increase oxygen content

7. A patient with copious secretions is intubated and placed on mechanical ventilation. The
ideal humidifier would be:
a. A hygroscopic condenser humidifier
b. Heated Wick humidifier
c. Reverse humidifier
d. Bubble humidifier

8. A 2- year old patient underwent a surgical procedure to correct an Atrial Septal Defect. He
is receiving TCPL mechanical ventilation with a PlP of 19, RR of 21, PEEP of +5 and
FiO2 of 0.30 ABG results are as follows:
pH = 7.38. PaCO2 = 41,  PaO2 = 52, HCO3 = 23 mm Hg.  You would now recommend:
a. Decrease the PlP
b. Increase the PlP
c. Increase the PEEP
d. Increase the FiO2

9. A pre-term infant is placed on  a CPAP generator for treatment of atelectasis with mild
pneumonia.  The initial CPAP level is 5 cm H20.  After placing the infant on the system
the RT notices the measured CPAP pressure decreases to 2 cm H20 with each inspiration.
What would the RT do to correct this problem?
a. Sedate the patient
b. Increase the CPAP level to 9 cm H20 to compensate for the difference
c. Increase the flow
d. It is normal, once the infant settles down the pressure will be stabilized

10. Which of the following controls determines the tidal volume with time cycled pressure
limited ventilation?
a. Inspiratory flow
b. Peak inspiratory pressure
c. Mean airway pressure
d. Driving pressure
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Answers 

1. c

2. c

3. c

4. a

5. a

6. a

7. b

8. d

9. c

10. b
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Noninvasive  
Respiratory Support 

Objectives 
• Understand indications for CPAP, NPPV, and High Flow

Cannula
• Review complications associated with CPAP, NPPV, and

High Flow Cannula
• Review Ventilator Graphics
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Respiratory support of the critically ill neonate has steadily shifted from invasive to noninvasive 
forms of support. 

Noninvasive Positive Pressure Ventilation (NPPV) 
NPPV refers to positive pressure ventilation delivered via a noninvasive route (nasal prong, nasal 
mask, face mask, etc). NPPV may be timed or synchronized. 

Indications: 
• For spontaneously breathing patients who do not require emergency intubation and have

a disease process that responds to NPPV
• Short term ventilation to improve oxygenation and decrease work of breathing
• Helpful in preventing post extubation respiratory failure
• Increase FRC in infants
• Prevent atelectasis and decrease intrapulmonary shunting
• Grunting, retractions, nasal flaring
• Apnea and bradycardia of prematurity

Complications/hazards associated with NPPV: 
• Localized skin & nasal septal breakdown
• Leak due to incorrect prong/mask size
• Eye irritation
• Mild gastric distension
• Obstruction of the nasal prongs from mucus plugging
• Complete obstruction of the prongs can result in false pressurization of the system

without any alarm activation
• Pneumothorax
• Increased intracranial pressures
• NIV may be superior to CPAP in reducing re-intubation but is associated with higher

incidence of BPD in low birth weight infants.

Benefits using NPPV 
• Reduces the need for invasive mechanical ventilation
• Decrease the incidence of Chronic Lung diseases (CLD)
• Minimize barotrauma and volutrauma
• Low risk of infection compared to invasive ventilation
• Better access for oral care and promotes infants natural feeding cue and instincts
• Enhances communication patient and caregiver
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Types of Interfaces: 
• Nasal prongs – most commonly used in the neonate population. They are obligate nose

breathers.  It is very important to determine the correct prong size.
• Nasal mask – used in infants with nasal septum breakdown or in low birth weight infants.
• Face mask – common used among pediatric population.

Types of Noninvasive Respiratory Support Devices : 
Nasal CPAP - Continuous positive airway pressure set on a ventilator with constant flow 
of gas. Early utilization of CPAP is associated with reduced respiratory distress, 
ventilator induced lung injury, and BPD risk.  Nasal trauma is a common problem. 

Bubble CPAP - Continuous positive airway pressure generated by submerging the 
expiratory limb in a water chamber that determines the CPAP level.  It creates oscillatory 
chest vibration. 

Infant Flow System - A flow generator uses variable flow during exhalation while 
maintaining the desired CPAP.  Better synchrony and less WOB among preterm infants 
compared to other CPAP device 

High Flow Nasal Cannula (HFNC) - Positive pressure is associated with flow rate, 
higher flow results in higher CPAP. The level of CPAP depends on the flow rate, nasal 
prong size, leak around nares, and leak resulting from mouth open or closed.  No built-in 
pop off system. Decreased risk of nasal trauma compared to CPAP or NPPV. 

SIPAP - Modified version of the infant flow system with option for CPAP and Biphasic 
pressure setting along with sigh breath.  The sigh breaths are delivered above the PAP 
level at the set frequency and duration.  It has a transducer that monitors apnea and 
enables the user to set apnea breath. 

Bi Level Positive Airway Pressure - Provides two levels of pressure (EPAP and IPAP).  
Has an option to provide back- up rate.  The difference between IPAP and EPAP is the 
ventilating pressure. If EPAP is increased to improve oxygenation, IPAP must also be 
increased to maintain the same level of ventilation. 

Nasal Intermittent Mandatory Ventilation (NIMV) - CPAP delivered by a CV with 
intermittent elevated pharyngeal pressures.  The duration of the elevation in pressure 
depends on the set I-time and set PlP.  Beneficial in preterm infants with frequent apneic 
episodes. 

Noninvasive HFOV is feasible in preterm infants. 

Ventilator Graphic Waveforms 
Three parameters are measured continuously on the ventilator as waveform: 

• Volume
• Flow
• Pressure
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These measured parameters (waveform) are plotted on graph. 
Scalar Graph:     The measured parameter is always plotted on the Y axis and the  

    time on the X axis 

             Loop Graph:       The measured parameter are plotted on both Y and X axis 
Scalar vs. Loop 

Ventilator Flow Waveforms 

Sine wave 
• Flow is not constant
• May decrease MAP

Decelerating wave 
• All pressure breaths
• Option for volume breaths
• Lower PIP compared to square

Square wave 
• Volume breath
• Constant flow
• Decreases inspiratory time
• May increase PIP
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Ventilator Waveforms

Volume / Pressure 
Loop Graph  -Overdistension 

• Penguin or bird beak.  Formation at the
top of the loop.

• Cause – high Vt or Pressure
• Fix – decrease Vt  or inspiratory pressure
• Remember VE will decrease

Loop graph 
Flow/ Volume  -  Leak 

• Incomplete  loop, the waveform never
returns to baseline zero.

• Cause – Et tube cuff leak, leak around
area of chest tube, BP fistula, loose circuit
connection

• Fix  -  Check the inspiratory and expiratory
circuit of the ventilator, replace the
ruptured
Et tube or insert a bigger size

*Also, an indication that the prior swelling or
edema has decreased
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. 

Loop graph - Obstruction 
• Carve out of the loop (concave

area) on expiration & decreased
flow rate, increased RAW.

• Common Cause  -  secretions in
the airway,
bronchospasm

• Fix – Suction the patient,
bronchodilator therapy

Loop graph 
Volume / Pressure – Compliance 

• The further the loop moves to the
right and the more horizontal
(close to pressure axis) the lower
the compliance of the lung.

• Cause – Patients with RDS,
pulmonary edema, BPD

• Fix – Surfactant replacement
therapy, optimum PEEP

• Increased airway resistance
will cause the Pressure /
Volume loop to widen
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Scalar graph – Auto PEEP 

• The expiratory  flow does not return to
baselinebefore the beginning of the
next breath.

• Cause- Inadequate expiratory time

• Fix- Increasing expiratory time by
increasing the inspiratory flow
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Review Questions 

1. When expiratory flow does not return to baseline, what does this indicate on a flow
waveform?
a. Air trapping
b. Increased compliance
c. Decreased compliance
d. All of the above

2. A pressure volume loop assesses:
a. Lung overdistension
b. Bronchodilator response
c. Leaks
d. All of the above

3. You are observing the pressure / volume loop of a mechanically ventilated patient. You note
that the loop has shifted to the right, more nearly horizontal, and toward the pressure axis.
This finding indicates:
a. A leak
b. Bronchodilator response
c. Increased compliance
d. Decreased compliance

4. Increased airway resistance will cause the Pressure / Volume loop to:
a. Widen
b. Narrow
c. Decrease
d. Invert

5. A pediatric patient is being weaned from invasive mechanical ventilation using VC-SIMV
without pressure support. The respiratory therapist reviews the following data from the last
few hours.

      Time    Set VT  Spon VT  Set Rate  Spon Rate 
       0630       650           410 8 6 
       1020       650           400 6 10 
       1600       650           320 4 20 

 What should the respiratory therapist recommend for this patient? 
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b. Add pressure support.
c. Extubate and place the patient on NPPV.
d. Increase the set rate to 20 breaths/min.

6. NPPV is being initiated on a 16- year old male with a history of asthma.  He has an IBW of
70 kg. The initial settings are IPAP = 10 cm H2O, and EPAP = 5 cm H2O. The patient’s VT on
these settings is 270 mL and f = 26 breaths/min. What change would you recommend?
a. Increase the IPAP
b. Decrease the IPAP
c. Increase the EPAP
d. Decrease the EPAP

a. Switch the mode to VC-CMV.
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Answers 

1. a

2. d

3. d

4. a

5. b

6. a
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High Frequency Ventilation 

 Objectives 
• Discuss theory and application of HFOV
• Discuss theory and application of HFJV
• Explain ventilator transport considerations
• Review troubleshooting strategies
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High Frequency Ventilation (HFV) 
Some patients may have ineffective gas exchange despite high conventional ventilator settings. 
Clinical situations to consider HFV include: 

- Heterogeneous (patchy) lung disease  on a conventional ventilator with
map >15 cm H20

- Worsening clinical presentation and raising settings on conventional ventilation
with map < 15 cm H20

- Premature infants and those with air-leaks (pneumothorax, pulmonary interstitial
emphysema, bronchopleural fistula, etc.)

- Oxygen index (OI) of 40
- Pathologies that require high settings for effective alveolar ventilation (congenital

diaphragmatic hernia, persistent pulmonary hypertension, etc.)

Types of HFV 
High Frequency Positive Pressure Ventilation (HFPPV) 

• Rate of 120-300 per minute or 2-5 Hertz (Hz)

High Frequency Oscillation (HFOV) 
• Rate of 180-900 per minute or 3-15 Hz

High Frequency Jet Ventilation (HFJV) 
• Rate of 90-600 per minute or 1.5 to 10 Hz

High Frequency Flow Interrupter Ventilation ( HFFIV) 
Rate of 120-1320 per minutes or 2-22 Hz    

Common characteristic of HFV 
• Delivers very small tidal volume (Vt) of about 1-4 ml, roughly matching anatomical dead

space.
• Higher respiratory rate compared to conventional ventilator (CV)
• Oxygenation and ventilation can be achieved at lower peak inspiratory pressure (PIP) and

mean airway pressure (MAP) compared to CV
• Lung protective strategy
• Decrease ventilator induced lung injury (VILI)

Clinical Indication for HFV 
• RDS (Respiratory Distress Syndrome)
• PIE (Pulmonary Interstitial Emphysema)
• PPHN/PFC (Persistent Pulmonary Hypertension of the Newborn
• MAS (Meconium Aspiration Syndrome)
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• CDH (Congenital Diaphragmatic Hernia)
• Hypoplastic lung
• Pneumonia
• Bronchopleural Fistula
• Infants who do not respond to CV
• Infants who are  candidate for ECMO

Gas Exchange during HFV 
• Bulk convection
• Turbulent flow
• Taylor dispersion
• Asymmetric velocity profiles
• Pendalluft effect
• Collateral circulation
• Molecular diffusion
• Cardiogenic mixing

High Frequency Oscillatory Ventilation (HFOV) 
• It is an electrically powered CPAP system
• A constant bias flow of gas is required to maintain the Paw = MAP in the closed circuit
• The electrical power uses the piston-diaphragm mechanism to oscillate the bias flow of

gas
• This generates a positive and negative pressure fluctuation called Amplitude/Delta P
• Inspiration and expiration are both active
• It is a high flow system
• It does not have a built in FiO2 knob – Therefore it requires an external Air/O2 blender
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HFOV – Initial Settings 
• MAP : Initial set 2-3 cm H20 > MAP than on CV with neonates, 4-6 cm H20 > with infants &

children
• FiO2  : Start same as on CV
• Inspiratory time :  33%
• Amplitude : Based on a chest wiggle factor

• Neonate - Clavicle to the umbilicus
• Pediatric - Clavicle to the waist
• Adult - Clavicle to the midthigh

• Hertz (1 Hz = 60 BPM) : smaller the infant the higher the Hz

• Bias flow : 10-20 L/min

Oxygenation (PaO2) control 
• Paw = Mean Airway Pressure (MAP)

• Same functionality as PEEP on CV
• ↑  Paw = recruits alveoli, increases PaO2

• However ↑  Paw = same adverse effect as PEEP

Check chest radiograph to ensure adequate lung inflation
• Hypoinflation < 8-9 ribs
• Optimal volume around 9-10 ribs

• FiO2  (Remember O2 is a drug)
• ↑  FiO2 = ↑ PaO2 (good)
• ↑ FiO2 = ↑ Reactive O2 radicals (not good)
• Start with same FIO2  as on conventional ventilator
• Wean FiO2 < 0.60 before weaning MAP

Anything that affects the volume affects ventilation (PaCO2)
CV:  VE = F x Vt
HFOV:  VE = F x Vt2

Amplitude = Increasing Amplitude 
 will increase Vt 

Hertz (Hz)= Decreasing Hz will 
 Increase Vt

I Time % affect VT 
• It improves oxygenation:

• MAP prolonged at alveolar level
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• It improves ventilation:
• Affects the movement of the piston

Recap 
• For correcting PCO2 (ventilation) issues

• 1st - make changes to P / Amplitude
• 2nd - make changes to Hz

• For correcting PaO2 (oxygenation) issues
• 1st - look at the FiO2, if less than 0.60 increases up to 0.60

 If FiO2 is higher than  0.60 follow step 2
• 2nd-increase MAP based on CXR

High Frequency Jet Ventilation 

High Frequency Jet Ventilation 
• HFJV is very different from HFOV
• It does not have built in PEEP knob

• A conventional ventilator is used in tandem with the HFJV for PEEP and sigh
breaths

• It does not have built in FiO2 knob
• It requires external Air/O2 blender

• Inspiration is active but Exhalation is passive
• It is a Low flow system
• It uses a unique I.V infusion humidification system
• It has its own built in heating chamber

The LifePort ET Tube 
Tiny streams of gas of high density, high velocity is jetted into the lungs in short pulse on 
inspiration through a special ET tube adapter 

• HFJV used mostly on patients who have PIE and Air leak
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The LifePort ET Tube Adapter 

HFJV – Whisper Jet Patient Box 
The patient box houses the scissor valve that interrupts the gas flow. Much quieter compared to 
the older patient box.   

HFJV – Initial Settings 
• Rate  : Typically start at 300-420 bpm for full term, 600-900 preterm, 240-300 pediatric.
• PIP   : set 1-2 cmH20 < than PIP on CV or HFOV
• I Time : 0.020 sec (default setting)
• PEEP : set to achieve desired MAP

• PEEP is set on CV
• Set MAP same as on CV or HFOV

• FiO2 : Start same as on CV

HFJV – Management 
Ventilator Control 

• Increasing PIP = lower CO2

• Increasing Rate = lower CO2

• Changing the rate will not cause change in VT.

Oxygenation Control 
• Increasing MAP = increase PaO2

• Check CXR for adequate chest inflation
• Increase FiO2 – increase  PaO2

• Wean FiO2< 0.60 before weaning MAP

Sigh breath or small rate set on the conventional ventilator also helps in better oxygenation 
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Servo Pressure (Driving Pressure) 
• The pressure generated by the machine to deliver the set PIP
• It is automatically controlled
• Servo pressure will change if there is any change in the patient’s lung volume aka

compliance
• Early clinical indicator of change in patient compliance

Servo Pressure (Driving Pressure) 

Weaning from HFV 
• Primary goal – reduce FiO2 from 0.60      0.40

• Insufficient Paw
• Maintain SpO2>90%
• Now wean Paw by 1-2cmH20
• Monitor ABG and CXR
• Permissive hypercapnia
• Once Paw successfully weaned to < 22cmH20 with FiO2 ≤ 0.40 – initiate CV trial

HFV – Trouble shooting 
• HFOV shut OFF or won’t turn ON – check for leak or disconnected circuit, check to

make sure the unit is plugged in to the electrical outlet and turned on
• Decreased chest wiggle/vibration – obstruction in the airway, ET tube dislodgement
• High Pressure – kinking of the tubing, secretions in the airway, decreased lung

compliance
• Low Pressure – check for leak, disconnected circuit, unplanned extubation
• Bronchodilator Administration

• MDI puff are preferred compared to nebulizer
 Administered via bagging (PEEP valve)

181



HFV – Complications 
• Hypotension is very common

- Due to high MAP
• Tracheal Injury

- More with HFJV than HFOV
• Hyperventilation
• Over distension due to air trapping

- Insufficient MAP level
- Choke point

Nitric Oxide & HFV 
• Always use a one-way valve when using iNO. The one-way valve should be placed after the

injector module

Oxygen Index 

OI = Mean Airway Pressure x FIO2 (%) 
PaO2 mm Hg 

OI < 5 = Normal 
OI >10 = Severe problem 
OI > 20 = Extreme problem 
OI >40 = ECMO referral 
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Review Questions 
1. A 3100g infant is placed on a HFOV due to inability to ventilate despite high PIP during

CV. The CXR showed bilateral infiltrates with ground glass/honey-comb pattern with air
bronchogram. The physician wants your opinion regarding vent changes after the ABG
results:
HFOV: Amplitude-23, MAP-16, Hz -11, I Time 33%, Bias flow-12 Lpm, FiO2 - 0.60,
SpO2-94%
ABG   :  pH: 7.28, PaCO2; 59 mm Hg, PaO2: 88 mm Hg, HCO3; 27, BE-3.1

a. Increase the Hz to 13
b. Decrease the Hz to 8
c. Increase the Amplitude 25
d. Make no change, wait till the next ABG result

2. A 1400g preemie on a CV had a sudden deterioration in his oxygenation status with a low
SpO2 87%. The RT noticed a decrease in chest rise along with decreased breath sounds on
auscultation on the left side. The RT suspects pneumothorax. The CXR confirms the
suspicion. A chest tube is placed on the left anterior side and the infant is placed on an
HFJV. An ABG was obtained after 20 min. The NICU fellow ask you to recommend the
appropriate ventilator changes:
HFJV: PIP 23, Rate 420, l Time 0.02, PEEP 5 cm H20, FiO2 0.70, Servo pressure 2.8,
PEEP:  6 cm H20
ABG: pH: 7.49, PaCO2; 30 mm Hg, PaO2: 74 mm Hg, HCO3; 25, BE-2.9, SpO2-92%
a. Decrease the PIP
b. Decrease the Rate
c. Decrease the PEEP
d. Increase FiO2

3. Two hours later, while doing rounds, the RT noticed a major increase in the Servo
Pressure from 2.8 to 5.2. The RT assesses the infant and noticed an increase in chest wall
vibration. What should the RT suspect?
a. Mucus plug in the ET tube
b. Another pneumothorax
c. Dislodge ET tube
d. Resolving pneumothorax

4. You have a patient who is being mechanically ventilated for ARDS due to aspiration
pneumonia. His current ventilator settings include Vt 6 cc/kg, PIP 35, P plateau 28, 100%
FiO2 with oxygen saturation of 86%. You decide to trial HFOV. What would be the most
likely benefit of transitioning to HFOV in this patient?
a) Reduced volutrauma
b) Reduced biotrauma
c) Reduced barotrauma
d) Improved survival
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5. Which of the following is NOT part of the criteria for ARDS?
a) Reduced volutrauma
b) Reduced biotrauma
c) Reduced barotrauma
d) Improved survival
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Answers 
1. c

2. a

3. c

4. c

5. d
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Patient Transport 
Intra facility transport 

• Transport that occurs within the same institution:
- MRI/CAT scan, from one unit to another unit

Inter facility transport 
• Transport that occurs between two different institutions:

- Ground
- Air

Transport Team 
• Physician
• Registered Nurse
• Respiratory Therapist
• EMT
• Specialized Critical Care Service Personnel

The transport RT personnel should: 
• Have additional transport training and certification
• Possess the skill and knowledge to provide a level of care for the specific and anticipated

clinical need of the patient
• Be familiar with the transport system

- Air/O2 adapters and connectors
- Oxygen/Air system should have the capability to operate twice the anticipated

duration
• Function within their scope of practice
• Ensure the respiratory supplies are stocked and immediately available for at least two

airway consults

Patient Transport – RT Responsibility 
• Have extensive knowledge of the transport ventilator
• Pneumatically powered ventilators

• Are used extensively
• Any fluctuation in the Air/O2 system will cause a fluctuation in the delivered

pressures
• Electrically powered ventilators

• Should have battery packs capable to operate at least twice the anticipated
duration in case of power failure
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• Factors that contribute to faster depletion of the back-up battery on electrically powered
ventilator

• Electrically powered ventilators that have built-in Air compressors or turbines
• Higher ventilator setting

Review Question 
A mechanically ventilated pre-term infant is being transported to another facility for ECMO via 
ground ambulance system. The pneumatic ventilator is connected to the ambulance air/O2 
system. Half an hour later the RT notices a sudden decrease / drop in the PIP but no circuit 
disconnection or other leaks .  What should the RT suspect? 

a. Airway obstruction
b. Biting the ET tube
c. Loss of pressure in the air/O2 system
d. Flux capacitor malfunction

Answer 
Answer: C 
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Chest Tubes, ECMO, and 
Pulmonary Procedures 

 
 

 
 
 

Objectives 

• Discuss thoracentesis indications and procedure
• Discuss chest tube theory of operation, indications, and

procedure
• Review fundamentals of ECMO
• Explain the use of CPT procedures
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Chest Tube 

Insertion of a silicon or polyvinylchloride (PVC) tube through the chest wall into the pleural 
cavity to evacuate accumulated air/blood/pus/ from the pleural space. 

Indications 
• Pneumothorax ( > 20%) – Air

- Pneumothorax – Open or closed
- Tension pneumothorax

• Pleural Infusion – Fluid
- Hemothorax – Blood
- Chylothorax– Lymphatic fluid
- Empyema – Pus

• Hemopneumothorax – Fluid & Air

RT Consideration 
• Physical & Medical History:

- Is the patient on any anticoagulation therapy?
- Is the patient on PPMV?

• Evaluate the chest radiography:
- Is it a true pneumothorax or a large lung bullae?

Insertion and placement 
• Air 2nd intercostal space and mid-axillary line
• Fluid – between 4th 5th intercostal space & mid-axillary line

• Needle is inserted above the rib (superior boarder)
 Avoiding the vein, artery and nerve – pain receptor which runs under the

rib (inferior border)

The 3 bottle drainage system 
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#1 – Collection aka Trap Bottle 
• Collection bottle

• Collects pleural drainage
• Marked to allow measurement of pleural drainage

#2 – Under Water Seal Bottle 
• Middle bottle is the water seal bottle
• Prevents air from entering the pleural cavity
• Normally, there is no bubbling here
• Continuous bubbling should be reported because this means there is an air leak
• Water in the water seal bottle must be monitored to prevent any sudden change in pleural

pressure
• If the water seal should break, submerge chest tube in a glass of water
• If patient is receiving PPV leave the tube open to air until a new system can be set up
• Prevent tension pneumothorax
• Pulmonary edema may result if there is a malfunction that creates a sudden re-expansion

of the lung.

#3 – Suction Regulating Bottle 
• Apply suction when large amounts of fluid must be drained.
• Regulates the amount of negative pressure being applied to the water seal.
• The water height in the suction control bottle will determine the amount of negative

pressure regardless of suction by the regulator.
• If there is excess bubbling then negative pressure set is being delivered.

The Heimlich Flutter Valve 
• One-way valve
• Used in place of the underwater seal bottle to drain air
• Mostly for patients with pneumothorax.
• Helps the patient to ambulate
• Used in home, outpatient setting
• Valve honks and makes duck-like quacks with respiration, this is normal

Managing patients with chest tube 
• Ensure there is no leak – from the insertion site or from any other connections
• Repeat  a chest x-ray  post insertion
• Assist the amount of bubbling (air) in the chamber or drainage (fluid)

- How many mL/hr
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Trouble shooting 
• Chest tube gets dislodged – cover the area with a 4x4 gauze with petroleum jelly in

between the gauze
• The collecting tubing gets disconnected or when changing the drainage  - Clamp the chest

tube momentarily (release the clamp asap)
• Clamping can cause air to re-accumulate in the pleural space
• No bubbling in the drainage bottle – Possible occlusion, clot or re-expanding  lung
• SUDDEN bubbling in the underwater-seal bottle

- Leak (external); disconnection of the tubing, drain tube or chest tube is
dislodged

- Leak (internal) increased/worsening air leak from the thorax
• Assess the patient first – vital signs, oxygenation, breath sounds.  Is the patient stable?
• Now fix the leak

If external – start clamping and releasing the tube close to the tube while watching 
for the bubbling to stop 
If internal – order stat CXR, notify the physician, lower pressure or VT while 
maintaining same VE 

TIPS: 
• Any sudden increase in drainage may indicate active bleeding
• Any SUDDEN decrease in drainage may indicate a possible clot or occlusion
• Avoid stripping or milking the tube – this generates extreme negative pressures in the

tube
• Instead squeezes to mobilize the clots

Chest Tube Removal 
• Discontinue  suction but leave tube under water seal for 24 hours to assume normal intra-

pleural pressure with no air leak
• Do not clamp the tube
• The fluid (hemo/effusion) has resolved or less than 100 mL in a 24 hour period
• Chest X-ray shows lung re-expansion
• Patient observed for any sign of distress.
• For Adult – instruct patient to perform a forced Valsalva maneuver- practice prior to

removal
• Tube removal and gauze with petroleum jelly dressing is placed.
• Repeat CXR post removal

191



Thoracentesis 
• Temporary measure to relieving the air/fluid that have accumulated in the pleural space
• Removed by inserting needle into the intercostal space (refer to slide insertion and

placement)
• A 22-23 gauge needle is used to administer a local anesthetic

- 1% or 2% Lidocaine
• Needle size (dependent upon patient size)

- Infant - #23 – 25 g butterfly needle or # 22 – 24 g IV catheter
- Child - # 18 g needle or # 18 g angiocatheter

• Needle is inserted above the rib (superior border)
• Avoiding the vein, artery and nerve which runs under the rib (inferior border) 16gauge

needle is then inserted through the same site until fluid or air can be evacuated
• Hazard – If needle is advanced too far can puncture the lung resulting in a pneumothorax

Thoracentesis 
• Therapeutic benefit:

- Removal of excessive pleural fluid will relieve cardiopulmonary distress by
taking pressure off the heart and the lungs N

• Thoracentesis must be performed with extreme care in patients who are receiving
mechanical ventilation

• PPV may bring the lung close to the needle
• Theoretically increasing the risk of tension pneumothorax
• Ultrasonography may be beneficial in these situations

Extra Corporeal Membrane Oxygenation (ECMO) 
• The principle behind the ECMO is to provide support for the pulmonary and or cardiac

systems until function improves
• It allows reduction of other support to much lower, less toxic levels

Extra Corporeal Life Support Terminology 
• Cardiopulmonary bypass (CBP): total cardio respiratory support in the operating room
• Extra corporeal membrane oxygenation (ECMO) partial support in the operating room or

bedside
- Veno-arterial: cardiac and pulmonary support
- Veno-venous: pulmonary support

• Extra corporeal CO2  removal: partial pulmonary support
• Ventricular assist device (VAD): partial cardiac support
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Most Common Causes for Neonatal ECMO 
• Meconium aspiration syndrome
• Congenital diaphragmatic hernia
• Persistent pulmonary hypertension
• Sepsis
• Respiratory distress syndrome
• Pneumonia
• Air leak syndrome

Indication for Neonatal ECMO 
Criteria include reversible cardiac and/or respiratory failure determined by: 
Persistent hypoxemia 

• Oxygenation index ≥ 40 for >4 hours
• A-a gradient >400 mmHg for 4-12 hours
• PaO2<50 mmHg for over 2 hours PlP>35 & Paw>20

Persistent acidosis or shock 
• pH <7.20 for over 2 hours after buffer

Failure of “conventional therapy” 
• Mechanical ventilation/HFV
• Inhaled Nitric Oxide Therapy
• Surfactant Replacement Therapy
• Catecholamine infusion

ECMO Device 

ECMO Circuit Parts 
Venous cannula: 

• Inserted through the internal jugular vein into SVC
• Advanced to the level of the tricuspid valve

Arterial Cannula: 
• Inserted through the right common carotid artery
• Advance through the brachiocephalic artery to the aorta.

Reservoir Bladder: 
• Serves as the right atrium
• Provides reservoir for the pump and keeps negative pressure from pulling the

vessel wall into the cannula
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Roller Pump 
• Provides mechanical pumping action for the circuit and the cardiovascular system

(cardiac output)
Membrane Oxygenator: 

• Serves as gas exchange organ
 Adds oxygen to the blood and removes carbon dioxide

Heat Exchanger 
• Re-warms blood to body temperature before returning
• Also serves as a bubble filter

Contraindications to Neonatal ECLS 
• Birth weight <2.0 kg- due to limitations to catheter size
• Gestational age <34 weeks – due to risk of IVH (Intraventricular hemorrhage)
• Lethal or untreatable non-pulmonary disease
• Intracranial hemorrhage – due to risk of extension of bleeding
• Relative indications:

- Mechanical ventilation for >10 days (high risk of irreversible lung injury)
- Uncontrolled bleeding or coagulopathy

Veno-Arterial (VA) ECMO 
• Indicated for combined cardiorespiratory failure
• Provides long-term partial cardiopulmonary support

- Up to 80-90% support
- Bypasses patient cardiopulmonary systems

• Provides efficient oxygenation
• Venous cannula central vein or right atria
• Arterial cannula: Orifice of the innominate artery via right carotid artery
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Veno-Venous (VV) ECMO 
• Indicated for respiratory failure
• Blood flows from central venous system and returns to central venous system through

one or more cannula
• No direct cardiac support provided – cardiac output is determined by patient
• Less efficient oxygenation – patient arterial saturations 80-95%

Indications for VA and VV include:

Chest Physical Therapy and Secretion Clearance 

Incentive Spirometry (lS) 

• Sustained Maximum Inspiration (SMI)
• Breathing Exercise designed to encourage the child to take deep breaths:

- Breath to Inspiratory Capacity (IC)
• Prevent and treat  atelectasis as long as the patient can take a deep breath

IS Instructions 
• Inhale slowly from a resting exhaled tidal volume
• Breath in as deeply as possible
• Hold or sustain the maximum inspiration a few moments
• Exhale passively (back to a normal resting level)
• Do not have the child exhale first, then take a deep inspiration:

- This promotes atelectasis
- Procedure should be similar to an inspiratory capacity measurement not an FVC

Types of lS Devices 
Flow Type: The patient maintains a minimum flow during inspiration (keep the 

floats in the air) 
Volume Type: The Inspiratory Volume is measured and goals are used to achieve 

maximum effort. 
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RT Consideration when providing lS
• Child must be alert and cooperative
• Changing devices may be necessary to achieve the goals
• If goals are easily reached, increase them
• If goals cannot be reached, lower them
• If unable to perform SMI switch to IPPB
• If equipment is not working and patient is cooperative switch to deep breathing
• The immediate post-op goal should be 75% of the pre-op maximum.

Ideal Breathing pattern 
• Slow deep inspiration from resting tidal volume
• Inspiratory hold
• Passive Expiration

Breathing Exercises 
1. Diaphragmatic Breathing

• Performed in different positions starting in a semi-Fowler, then sitting, then
standing, then walking

• Place your hand on patient’s diaphragm and instruct patient to push your hand up
• Allow patient to put their own hand on diaphragm and repeat exercise
• Requires older child to cooperate

2. Pursed Lip Breathing for Asthmatic Child
• Pursed lip breathing exerts a positive back pressure on the airways that allows the

patient to exhale without the airways collapsing and trapping air in the lungs
• Ask patient to exhale during the exertion phase of an activity
• Emphasize a slow, relaxed exhalation will result in a more effective exhalation

Cough Control 
• Cough is the second line of defense in clearing the upper airways and segmental bronchi
• Most patients can be taught to remove secretions with a normal cough maneuver, i.e., a

deep inspiration followed by compression of the thorax against a closed glottis, followed
by expulsion

• Post-operative patients may need to use “huffing”
• Huffing is also useful as game with younger children
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Chest Physiotherapy (CPT) 
• It is a broad terminology
• Postural drainage
• Percussion
• Vibration of the chest wall
• Specialized Coughing Technique

*Not for neonate population

Purpose/Indications for CPT 
• Purpose:

- Improve mobilization of secretions
- Prevent accumulation of secretions
- Improve ventilation

• Indications:
- Accumulated or retained secretions
- Ineffective cough
- Ciliary dysfunction/Ciliary dyskinesia

Chest Physiotherapy 
May be beneficial 

• Asthma
• Bronchitis
• Pneumonia
• Post extubation

           Beneficial 
• Acute lobar atelectasis
• Cystic fibrosis
• Neuromuscular disease or injur

Contraindications for CPT 
• Active hemoptysis
• Unstabilized head and neck injury
• ICP >20mmHg
• Untreated pneumothorax
• Pulmonary embolism
• Recent airway/ spinal surgery
• Rib fractures
• Subcutaneous emphysema
• Burns or skin grafts
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Adverse consequences 
• Neonate Population

• Loss of  lung volumes
• Trauma
• Hypoxemia
• IVH
• Hypothermia
• Excessive sensory stimulation

Positioning the Lobes and Segments 
Medical Terminology 
Apical = Top Anterior = Font Lateral = Side 
Basal = Bottom Posterior = Back 

When Selecting Position 
• Rule of opposites

• Right lung problem, turn patient to the left (good lung down)
• The lobe to be drained is placed in the upward position
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Percussion 
• Percussion is used to manually dislodge secretions
• Indicated

- Whenever Postural drainage is indicated
- Secretions difficult to dislodge

• Technique
- Cupped hand position with thumb next to finger, wrist relaxed
- Rhythmic percussion over area to be drained

Vibrations 
• Done to move secretions to larger airways
• Used as adjunct to drainage and percussion
• Technique

• Parallel hand over hand position
• Instruct patient to inhale deeply
• Compress and vibrate chest only during EXHALATION!

RT Considerations during CPT 
• If patient vomits and aspirates in a particular body position

• Suction immediately
• Place in opposite position for postural drainage

• Watch for patients with unilateral lung conditions
• Blood flow is gravity dependent
• ↑  perfusion to lung in down position
• Oxygenation may be improved if healthy lung is kept in the down position

• NO Trendelenberg  positioning if:
- Elevated ICP
- CHF
- Status Asthmaticus

• Sequencing Therapy
• Administer AFTER other Treatments (Bronchodilator, IPPB, IS, Mucolytics, etc)

• Performed either before meals or 1 to 2 hours past meals
• Recommended after extubation
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Assessment 
Effectiveness evaluated by: 

• Auscultation – change or improve breath sounds
• Inspection – color, chest expansion
• Cough – sputum amount and characteristics
• Tolerance – WOB2 fatigue
• Vital signs – HR, RR, BP, ECG, Sp02

• CXR – will best evaluate results

Adjuncts for CPT 
• Mechanical percussors and vibrators
• Flow-resistive breathing devices (PEP)
• Flutter Valve
• High Frequency Chest Wall Oscillation

PEP Therapy 
Positive Expiratory Pressure 

• Applying expiratory positive pressure (EPAP) by using a one-way valve and a one-way
expiratory flow resistor, fixed orifice resistor, or threshold resistor.

- Expiratory flow resistor prevents end-expiratory pressures from falling to zero.
• Expiratory Pressure 10-20 cm H20 at mid exhalation
• Used for 15-20 minute interval, 3 - 4 times a day (if fatigued, increase frequency not

time)
- Discontinue with sinusitis, epistaxis, middle ear infection.
- Inspiration >VT then exhale actively, not forcibly
- Expiration should be 2 – 3 times longer than inspiration

Vibratory PEP Devices 
Flutter Valve, Acapella, Quake 

• Combines PEP with high frequency oscillations at the airway
• Patient exhales into device generates PP of 10-25 cm H20
• Vibrations in airways
• Combinations helps improve secretion removal
• Indicated in CF and Bronchiectasis, Bronchitis
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Autogenic Drainage 
• Uses breathing control in which the rate, location, and depth of respiration is voluntarily

adjusted
• Have 3 phases:

- Phase 1 is intended to unstick mucus
- Phase 2 is collection
- Phase 3 is evacuation of secretions

Autogenic Drainage 
• Indicated in CF and Bronchiectasis
• Start by breathing at ERV to loosen secretions in small airways
• Patients increase volume by breathing in the normal VT, but exhaling to ERV
• Range of breathing moves secretions to middle airways
• During the last stage patient breaths at high volumes and coughs to remove secretions

External Percussive Devices 
• High Frequency Chest Wall Compression Devices (HFCC)
• High Frequency Chest Wall Oscillation Devices (HFCWO)

- Non-stretch, inflatable vest/jacket garment covers the patient’s chest and abdomen
- Variable-air-pulse generator quickly injects small gas volumes into and out of the

vest, creating an oscillatory motion against the patient’s chest
- PC 3-11, 5-25 Hz  for 30 min, 1-4 times per day

Intrapulmonary Percussive Ventilation (lPV) 
• Combines High frequency pulse delivery (100-250 cycles/min) of a sub-tidal volume and

aerosol.
• Percussive effect of gas delivery improves ventilation past obstructions

• Delivers more aerosol to distal airways
• Dense aerosol promotes bronchial hygiene, reduces edema, and relieves bronchospasm

with appropriate medications
• Indicated for patient with poor cognitive skills, unable to use PEP or Flutter Valve
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Review Questions 

1. Contraindications to CPT include all of the following except:

a. Untreated pneumothorax
b. Retained secretions
c. Recent airway/ spinal surgery
d. Rib fractures

2. In order to remove a right-sided pleural effusion from a patient’s chest, the chest tube
should be placed where?

a. Right chest, anterior between 2nd and 3rd intercostal space below upper the rib
margin

b. Right chest, aimed toward the posterior between the 4th and 5th intercostal  space
above the lower rib margin

c. Right chest, anterior between 2nd and 3rd intercostal above the lower rib margin
d. Left chest, aim toward the posterior, between the 4th and 5th intercostal space

above the lower rib margin

3. The ECMO circuit reservoir bladder:

a. Servers as the right atrium
b. Provides mechanical pumping action for the circuit and the cardiovascular system
c. Adds oxygen to the blood and removes carbon dioxide
d. Re-warms blood to body temperature before returning

4. The underwater seal bottle:

a. Collects pleural drainage
b. Is marked to allow measurement of pleural drainage
c. Prevents air from entering the pleural cavity
d. Improves airway secretion clearance

5. You are providing care to a patient with a chest tube. On assessment of the drainage
system, you note continuous bubbling in the water seal chamber and oscillation.
Which of the following is the CORRECT nursing intervention for this type of finding?

a. Reposition the patient because the tubing is kinked.
b. Continue to monitor the drainage system.
c. Increase the suction to the drainage system until the bubbling stops.
d. Check the drainage system for an air leak.
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6.

7.

8.

A patient is receiving positive pressure mechanical ventilation and has a chest 
tube. When assessing the water seal chamber what do you expect to find?

a. The water in the chamber will increase during inspiration and decrease
during expiration.

b. There will be continuous bubbling noted in the chamber.
c. The water in the chamber will decrease during inspiration and increase

during expiration.
d. The water in the chamber will not move.

The patient in room 2569 calls on the call light to tell you something is wrong 
with his chest tube. When you arrive to the room you note that the drainage 
system has fallen on its side and is leaking drainage onto the floor from a crack in 
the system. What is your next PRIORITY?

a. Place the patient in supine position and clamp the tubing.
b. Notify the physician immediately.
c. Disconnect the drainage system and get a new one.
d. Disconnect the tubing from the drainage system and insert the tubing 1 inch

into a bottle of sterile water and obtain a new system.

A patient is recovering from a pneumothorax and has a chest tube present. Which 
of the following is an appropriate finding when assessing the chest tube drainage 
system?

a. Intermittent bubbling may be noted in the water seal chamber.
b. 200 cc of drainage per hour is expected during recovery of a pneumothorax.
c. The chest tube is positioned at the patient's chest level to facilitate drainage.
d. All of these options are appropriate findings.
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Answers 

1. b

2. b

3. a

4. c

5. d

6. c

7. d

8. a
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Purpose of the NPS Memory Hook Study Aid 

     Conferences, review seminars, and other educational events typically provide attendees with 
large amounts of information over a short period of time. Unfortunately, participants often 
initially leave the review courses feeling well prepared only to find they are doubtful the next 
day.  The reason for this paradox is that the bulk of the information presented is stored in short 
term memory. The capacity for holding information in short term or “working” memory is very 
limited and may only be held for a short period of time. The duration of short-term memory may 
be in the order of seconds unless there is a sort of rehearsal or active maintenance to reinforce the 
presented information.   

     The purpose of the NPS Memory Hook is to help you structure a rehearsal of information.  
Rehearsing and manipulating the information tends to move it from the short term memory stores 
to your long term memory banks.  Once the information is stored in your long term memory it 
can be recalled for years to come.   
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Neonatal Assessment 
 
 

1. List and define three “probable” signs of pregnancy: 
- __________________________ 
- __________________________ 
- __________________________ 
 

 
2. List and define three “positive” signs of pregnancy: 

- __________________________ 
- __________________________ 
- __________________________ 
 

3. Define “Nagele’s rule: 
 
 

4. ABO Incompatibility may occur if the fetus has ___ ___ or ___ blood type and 
the mother has type ___ blood.  

 
5. Rh Incompatibility may occur if the fetus has ___ ___ blood and  the mother is 

___ ___  
 
Define the following 
 
6. Gravida: 

 
 

7. Para: 
 
 

8. Preterm: 
 
 

9. Post term: 
 
 

10. Perinatal: 
 
 

11. Antenatal: 
 
 

12. Intrapartum: 
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13. Complete breech:   
 
 
14. How does eclampsia differ from pre-eclampsia?  
 
 
 
 

 
15.  List (5) concerns in the management of Abruptio Placentae: 

1. 
2. 
3. 
4. 
5. 
 

16.      Define TORCH infections and list (4) organisms included in this category: 
       Define:__________________________________________________   
       1. 
       2. 
                  3. 
                  4. 
 
17. What does the acronym PROM stand for and why is it a concern? 
  
 
   
 
18.  Define Cesarean section and list two indications for the procedure. 
 
 
 
 
19.      Discuss the potential hazards associated with the use of forceps during   
           delivery. 
 
 
 
 
20. Discuss the indications for antenatal corticosteroid administration. 
 
 
 
 
 
21.  What do the New Ballard and Dubowitz assessments evaluate?  
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22. An APGAR score of (6) would indicate what level of depression and what
range of treatment?

23. An APGAR score of (3) would indicate what level of depression and what
range of treatment?

24. An APGAR score of (8) would indicate what level of depression and what
range of treatment?

25. What does the Silverman Anderson Assessment evaluate and what would a
score of (10) indicate?

26. What is the normal blood pressure for each of the following weights?
- 3000g_____
- 2000g_____
- 1000g_____

27. What is the normal pH and PO2 range in a neonate?
- pH _____
-PO2_____
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28. List the Normal lab values for each of the following: 
  

Value  Range 
Sodium:  
Chloride:  
Potassium:  
Bicarbonate:  
RBC:  
Hb:  
HCT:  
WBC:  
Bilirubin:  
Glucose:  
Creatinine:  

 
 
 
29. Describe each of the following lung maturity evaluation methods: 
 -  Lecithin / Sphingomyelin 

 
 
-  Shake test  

 
 
 -  Phosphatidylcholine 
 
 
 -  Phosphatidylglycerol 
 
 
 
 
30. Why is elevated bilirubin a concern and how is it treated? 
 
 
 
 
 
 
31. Describe and contrast nasal flaring, expiratory grunting and retractions: 
 
 
 
 
 
32. What is esophageal atresia? 
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33. Describe scaphoid abdomen, what does it indicate?   
 
 
 
 
 
34. List (3) pathologies that push the trachea to the good (unaffected) side: 
 1. 
 2. 
 3. 
 
35. List the four types of heat loss in the neonate: 
 1.   
 2. 
 3. 
 4. 
 
36. Contrast central and acrocyanosis: 
 
 
 
 
 
37. List normal neonatal values for each of the following: 
 -  Respiratory rate _____ 
 -  Heart rate           _____  
 
 
38. Contrast pulsusalternans and pulsusparadoxus: 
 
 
 
 
39. On a CXR the ETT should be seen between ____ and ____. 
 
 
40. On a CXR the nasogastric tube should be seen between____ and ____.  
 
 
 

Hemodynamic, Blood Gas, and Pulmonary Function Evaluation 
 
 

41. Contrast Early, Late and Variable fetal heart rate decelerations: 
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42. What is an Oxytocin Challenge Test? 
 
 
 
 
43. List the following fetal blood gas values: 
  

 UA UV 
PO2   
PCO2   
pH   

  
44. The umbilical cord has ________ arteries and _______veins. 
 
45. List the (3) fetal circulatory shunts: 
 1. 
 2. 
 3. 
 
46. What is the normal CVP and what does it evaluate? 
 
 
 
 
47. What is the normal PAP and what does it evaluate?   
 
 
 
 
48. What is the normal PCWP and what does it evaluate?   
 
 
 
 
49. How is cardiac output determined? 
 
 
 
 
50. How is cardiac index determined? 
 
 
 
 
51. What does a decrease in SvO2 indicate? 
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52. List the formula for systemic vascular resistance (SVR): 
 
 
 
 
 
53. List the formula for pulmonary vascular resistance (PVR):  
 
 
 
 
 
54. List the normal values for SVR and PVR: 
 
 
 
 
 
55. State the formula for the Alveolar Air Equation: 
 
 
 
 
56. State the formula for the Clinical Shunt Equation: 
 
 
 
 
57. Discuss the information that the Oxygen Index provides: 
 
 
 
 
 
58. A Pa02 /FIO2 ratio of < 300 indicates___________and a value <200  

indicates___________. 
 
 
59. State the formula for the dead space to tidal volume ratio: 
 
 
 
 
 
60. What is the normal value for the dead space to tidal volume ratio? 
 

214



61. Describe a crying vital capacity: 
 
 
 
 
62. List (3) indications for pulmonary function testing in children. 
 1. 
 2. 
 3. 
 
63. Define and describe the FEV1: 
 
 
 
 
 
64. Define and describe the FVC: 
 
 
 
 
 
65. Why is pre and post brochodilator spirometry performed?      
 
 
 
 
 
66. Describe the Methacholine Challenge test: 
 
 
 
 

Neonatal Pathophysiology 
 

67. List (4) hallmarks of IRDS: 
 1. 
 2. 

3. 
4. 
 

68. List (4) treatment options in the care of  newborns with IRDS: 
 1. 
 2. 
 3. 
 4.    
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69. Discuss the causes of and signs associated with Transient Tachypnea of the 

Newborn: 
 
 
 
 
 
 
70. Discuss the treatment of Transient Tachypnea of the Newborn:  
 
 
 
 
 
 
71. Discuss the causes of and signs associated with Meconium Aspiration Syndrome:  
 
 
 
 
 
72. Discuss the treatment of Meconium Aspiration Syndrome: 
 
 
 
 
 
 
73. Discuss the causes and treatment of Retinopathy of Prematurity: 
 
 
 
 
 
 
74. Discuss the causes and treatment of Bronchopulmonary Dysplasia: 
 
 
 
 
 
75 Describe the clinical presentation of Pulmonary Interstitial Emphysema: 
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76 List the treatment steps in managing Pulmonary Interstitial Emphysema. 
 
 
 
 
 
 
77. Discuss the treatment options in addressing Apnea of Prematurity:  
 
 
 
 
 
 
78. Describe the clinical presentation of Tension Pneumothorax: 
 
 
 
 
 
 
79. Discuss the treatment of a Tension Pneumothorax: 
 
 
 
 
 
 
80. Discuss the causes and treatment of Persistent Pulmonary Hypertension: 
 
 
 
 
 
 
81. Discuss the use of Pre and Post Ductal PaO2 comparison in the evaluation of 

Persistent Pulmonary Hypertension: 
 
 
 
 
 
82. Describe the clinical presentation and Treatment of Diaphragmatic Hernia: 
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83. Describe the clinical presentation and Treatment of Pierre Robin Syndrome: 
 
 
 
 
 
 
84. Describe the clinical presentation and Treatment of Tracheosophageal Fistula: 
 
 
 
 
 
 
85. Contrast a right to left and left to right shunt: 
 
 
 
 
 
 
86. Why is it important to keep the PDA open if the newborn has Transposition of the 

Great Vessels? 
 
 
 
 
 
 
 
 
87. What can be done to prevent the PDA from constricting after newborn delivery? 
 
 

 
 
 
 
 

88. Describe the clinical presentation and Treatment of Tetralogy of Fallot: 
 
 
 
 
 
89. A preductal coarctation is associated with ______ to ______ shunting and cyanosis. 
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90. Contrast Atrial and Ventricular Septal Defects:  
 
 
 

 
 

Equipment and Procedures 
 
91. Contrast the differences between low and high flow oxygen systems: 
 
 
 
 
 
92. Describe the function of a Venturi System: 
 
 
 
 
 
 
93. Describe and contrast an Oxygen hood vs. Oxygen tent: 
 
 
 
 
 
 
94.  Describe the theory and function of Heat and Moisture Exchangers: 
 
 
 
 
 
 
95. Describe and contrast Bubble and Wick humidifers: 
 
 
 
 
96. Discuss the infection risk associated with humidifiers and Nebulizers, how  

they differ: 
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97. Contrast the breathing pattern used with MDI and DPI devices: 
 
 
 
 
 
98. List (4) indication for Nitric Oxide therapy: 

1. 
2. 
3. 
4. 

 
99. List the (3) sensors requiring calibration in the Inomax Nitric Oxide delivery  

system: 
1. 
2. 
3. 
 

100: Describe and contrast the Inomax low and high calibration procedures: 
 
 
 
 
101. What medication is administered via a Small Particle Aerosol Generator? 
 
 
102.  Cuffed endotrachael tubes are usually indicated when patients are  

approximately _____________ years old.   
 
103. List (3) important features of manual resuscitation devices:   
 1. 
 2. 
 3. 
 
104. Describe how an Endotrachael Tube Exchanger works:  
 
 
 
 
105. Discuss the indications for and use of fenestrated tracheostomy tubes: 
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106. Describe when and how a trachael speaking valve is used: 
 
 
 
 
 
 
107. Contrast the insertion techniques of Miller and Macintosh laryngoscope  

blades: 
 
 
 
 
 
108. Compare and contrast qualitative and quantitative capnography devices: 
 
 
 
 
 
109. Describe the role of a spectrophotometer in the determination of Pulse  

Oximetry values. 
 
 
 
 
 
110. The Clark Electrode measures_____________and the Severinghaus 

Electrode measures_______________.  
 
 
111. List the steps and considerations in applying a transcutaneous oxygen  

monitor:  
 
 
 
 
 
112. Discuss the use of Transillumination in the determination of pneumothorax: 
 
 
 
 
 
113. Contrast disinfection and sterilization: 
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114. Steam Sterilization requires a pressure of_________PSI at a temperature of 

___________degrees Celsius for a period of ________________minutes.  
 

 

Pediatric Assessment and Pathophysiology 

115. Describe Schamroth’s sign, what does it indicate? 

 

 

116. How is the extent of peripheral edema evaluated? 

 

 

117. Describe and contrast Cheyne Stokes and Kussmauls breathing patterns: 

 

 

118. Describe and contrast Pectus Carinatum and Pectus Excavatum.  Also, how do 
Pectus Carinatum and Pectus Excavatum impact lung function? 

 

 

 

119. Describe and contrast Kyphosis and Scoliosis.  Also, how doKyphosis and Scoliosis 
impact lung function? 

 

 

120. Discuss the symptoms and treatment of Respiratory Syncytial Virus (RSV):  
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121. Describe the clinical presentation and treatment of Epiglottitis: 

 

 

 

122. Describe the clinical presentation and treatment of Croup: 

 

 

 

123. Describe the clinical presentation and treatment of Cystic Fibrosis: 

 

 

 

124. List the signs and symptoms of Asthma: 

 

 

 

125. Discuss the treatment of Asthma. What roles do steroids and Beta agonists play in 
the care of Asthmatic patients? 

 

 

 

126. What is an Asthma Action Plan?  Why should every asthmatic patient have one? 
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127. (A)  List the (3) peak flow zones used in creating Asthma Action Plans: 

 

 

 

127. (B)  Contrast Palliative and Hospice care. 

 

 

127. (C)  List 4 measures used to prevent ventilator associated pneumnia 

 

 

Airway, Emergency Procedures and Pharmacology 

128. List the signs and treatment steps in Mild airway obstruction: 

 

 

 

129.  List the signs and treatment steps in Severe airway obstruction of an infant: 

 

 

 

 

130. List the signs and treatment steps in Severe airway obstruction of a child: 
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131. List the (5) factors that are evaluated with the APGAR assessment: 

 

132. List the treatment steps to begin if the APGAR score is 0-2: 

 

 

133. List the expected ETT sizes for the following gestational ages: 

 - <28 weeks:  _____ 

 -28-34 weeks:_____ 

 -34-38 weeks:_____ 

 ->38 weeks:   _____ 

134. List the ETT “Tip to Lip” distance based on weight 

 -1 kg:_____ 

 -2 kg:_____ 

 -3 kg:_____ 

 -4 kg:_____ 

135. List the suction catheter sizes appropriate for the following ETTs: 

 - ETT 2.5 mm:_____ 

 - ETT 3.5 mm:_____ 

 - ETT 4.5 mm:_____ 

 -ETT 6.5 mm:_____ 

136. List the steps in assessing ETT position: 
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137.  How does a Pussy Muir Valve work? Describe in detail. 

 

138. List the recommended suction pressures for each of the following groups: 

 - Infant:_____ 

 - Child: _____ 

 - Adult: _____ 

139. List (6) potential complications of suctioning: 

 1.__________ 

 2.__________ 

 3.__________ 

 4.__________ 

 5.__________ 

 6.__________ 

140. Discuss why maintaining a neutral thermal environment is important in the 
newborn:  

 

 

 

 

141. List the steps in managing Meconium Aspiration:     
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142. List the formula for Clark’s Rule: 

 

 

 

143. List the formula for Young’s Rule: 

 

 

 

144.  List (3) SABA drugs:  

 1. 

 2. 

 3. 

145. How do SABAs work? 

 

 

 

146. List two Mast Cell Stabilizers: 

 1.  

 2.  

147. Describe the indications and contraindications for Mast Cell Stabilizers: 
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148. List two Anticholinergics drugs. Also, how do they work? 

 

 

 

 

149. List (5) potential side effects associated with Anticholinergic medications:  

 1. 

 2. 

 3 

 4. 

 5. 

150. List (3) corticosteroids. How do they work? 

 1. 

 2. 

 3. 

 

151. Describe the indications for Pulmozyme administration: 

 

 

 

152. Discuss the indications for Virazole: 
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153. Discuss the indications for Relenza:

154. Discuss the indications for Tamiflu:

155. List (3) Synthetic Surfactants:

1.

2.

3.

156. List (3) Natural Surfactants:

1.

2.

3.

157. Describe the indications for Surfactant administration:

158. What ventilator parameters must the NPS monitor immediately following
surfactant administration?
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Conventional Mechanical Ventilation 

 

159. Define Time Cycled Pressure Limited Ventilation: 

 

 

 

160. List each ventilator parameter that, if increased, may increase the mean airway 
pressure (MAP). 

 

 

 

161.  How does  positive end expiratory pressure (PEEP) work to improve oxygenation? 

 

 

 

162. Untoward effects associated with excessive PEEP include: 

 

 

163. How does altering the inspiratory flow rate impact inspiratory time in: 

 1.  Time Cycled Ventilation        ___________________________ 

 2.  Volume Cycled Ventilation   ___________________________ 

 

 

164. What is the typical inspiratory time range for the following: 
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 1.  IRDS ____________ 

 2.  Infants with chronic lung disease__________________  

165. What are the initial values for each of the following parameters? Explain. 

 1.  PIP                         ____________________________________________ 

 2.  PEEP  ____________________________________________ 

3.  FIO2  ____________________________________________ 

4.  RR   ____________________________________________ 

5.  Inspiratory Time ____________________________________________ 

6.  Inspiratory Flow ____________________________________________ 

166. Explain how increasing the ventilator RR will impact each of the following: 

 1.  MAP   _______________________________________ 

 2.  Minute Ventilation _______________________________________ 

 3.  Total Cycle Time    _______________________________________ 

 

167. Explain how the NPS should adjust the PIP in TCPL ventilation as lung compliance 
increases.   

 

 

 

168. Explain how the NPS should adjust the respiratory rate in TCPL ventilation to 
increase PACO2.   
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169. Explain how the NPS should adjust the respiratory rate in TCPL ventilation to 
decrease PACO2.   

 

 

170. Calculate the I:E ratio with RR set at 30 BPM and inspiratory time set at 0.6 
second. 

 

 

 

171. List the formula for Static Lung Compliance: 

 

 

172. What is the VT if the flow rate is 10 lpm and the inspiratory time is 0.5 second? 
Show your work. 

 

 

173.  List the (5) steps to improve oxygenation: 

 1. 

 2. 

 3. 

 4. 

 5. 

174. What are the two most important parameters (in order) to decrease PaCO2: 

 1. 

 2. 
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175. List the (6) steps to determine compressible volume:

1.

2.

3.

4.

5.

6.

176. What is the Flow if the VT is 100 ml and the inspiratory time is 0.8 second?  Show
your work.

High Frequency Ventilation 

177. List the initial settings for a High Frequency Oscillator (HFOV). Discuss how each
setting is determined.

178. List the initial settings for a High Frequency Jet Ventilator (HFJV). Discuss how
each setting is determined.
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179. Discuss the indications for HFOV:

180. Discuss the indications for HFJV:

181. What parameters are used to control PaCO2 during HFOV?

182. What parameters are used to improve PaO2 during HFOV?

183. What parameters are used to improve PaO2 during HFJV?

184. What parameters are used to improve PaCO2 during HFJV?

Chest Tubes, ECMO, Pulmonary Hygiene, and NPPV 

185. List (4) indications for Non-Invasive Positive Pressure Ventilation (NPPV)in the
newborn:
1.
2.
3.
4.
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186. List (7) potential complications associated with NPPV:
1.
2.
3.
4.
5.
6.
7.

187. List (5) indications for Chest Tube insertion:
1.
2.
3.
4.
5.

188. Describe the function of each bottle in a (3) bottle suction system:

189. Describe the function of each of the following parts of an ECMO system:
- Roller Pump________________________________________________
- Membrane Oxygenator_______________________________________
- Heat Exchanger_____________________________________________

190. List (6) contraindications for Chest Physiotherapy:
1.
2.
3.
4.
5.
6.
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Neonatal Pediatric Specialist 
Practice Final Exam 

1. Which of the following is an appropriate alternative to conventional CPT for an 18 year
old male with cystic fibrosis who is preparing to leave home for college?
a. point-of-care ABG analysis
b. nebulized beta-agonist
c. incentive spirometry
d. vibratory PEP

2. A neonate who is receiving mechanical ventilation suddenly becomes cyanotic.
Hyperlucency of the chest is noted during transillumination which is most likely caused
by which of the  following?
a. mucus plug
b. diaphragmatic hernia
c. pleural effusion
d. tension pneumothorax

3. An 8 year old child who has CF has been admitted to the hospital for the fourth time in a
year. The patient has a fever. The patient’s home routine includes albuterol and chest
physiotherapy  every 6 hours. Which of the following medications should a
neonatal/pediatric specialist recommend ?

1. tobramycin (TOBI) once daily
2. dornase alfa (Pulmozyme) twice daily
3. pentamidine (NebuPent) 4 times a day
4. ipratropium bromide (Atrovent) 4 times a day

a. 1 and 2 only
b. 1 and 4 only
c. 2 and 3 only
d. 3 and 4 only

4. A 3 year old girl is in the ED with monophonic wheezing and mild to moderate sterna
retractions. Vital signs are: T  =  37  HR =  108 RR =  22 BP = 80/50
A chest radiograph shows an infiltrate in the right upper lobe.  Which of the following
should be  prepared ?

a. nasal suction catheter
b. rigid bronchoscope
c. laryngeal mask airway
d. endobronchial tube
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5. A 37 week gestational age infant is receiving an FIO2 of 1.0 oxyhood.  The RR is 79, nasal
flaring  is noted, and SPO2 from the right hand is 93%.  The following umbilical artery
blood gas results  are obtained:

pH  = 7.29 
PcCO2  = 63 torr 
HCO3  = 26 mEq/L 
BE  =  -2 mEq/L 

A neonatal/pediatric specialist should recommend: 

a. transillumination
b. beginning ECMO support
c. institutional nasal CPAP
d. initiating mechanical ventilation

6. A 4 month old infant with chronic lung disease is receiving mechanical ventilation.
Several  attempts to wean the infant have been unsuccessful.  Which of the following
could be administered to enhance lung function ?

a. nitric oxide
b. tolazoline (Priscoline)
c. glycopyrrolate (Robinul)
d. dexamethasone (Decadron)

7. Which of the following should a NPS initially select to remove secretions from a
neonate’s upper  airway ?

a. bulb syringe
b. bronchoscope
c. meconium aspirator
d. tonsil suction tip

8. A newborn is receiving HFOV and the ventilator is operating normally at a Paw of 36
cmH2O.  The set max Paw is 42 cm H2O.  During a ventilator assessment, a
neonatal/pediatric specialist  notices the digital Paw indicator shows 29 cmH2O.  Which
of the following should the specialist  do next ?

a. check the circuit connector
b. plug the circuit and restart the ventilator
c. increase the amplitude setting
d. empty the water trap
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9. A 2 year old child has been diagnosed with pneumonia.  The child is receiving 60%
oxygen by  aerosol mask.  The child’s respiratory rate is 38/min. and SpO2 is 87%.
Which of the following  should a neonatal/pediatric specialist recommend ?

a. 40% air-entrainment mask
b. in-exsufflator 3 times daily
c. 6 L/min high-flow nasal cannula
d. vibratory PEEP device

10. Following PDA ligation, a 30 week gestational age neonate has been stable in the NICU
for 2  days under a radiant warmer.  However, the temperature indicator has been
fluctuating over  the last 3 hours.  Which of the following are the most likely causes ?

1. infection
2. ambient temperature changes
3. patent ductus arteriosus
4. detached skin temperature sensor

a. 1, 2, and 3 only
b. 1, 2, and 4 only
c. 1, 3, and 4 only
d. 2,3, and 4 only

11. Four weeks after an ED visit for asthma, a 2 year old child presents to the outpatient
clinic for  follow-up.  The mother reports the child was prescribed 2 inhalations of
budesonide DPI  (Pulmicort Flexhaler) 90 mcg twice daily.  The child continues to have a
nighttime cough.  Which  of the following should a neonatal/pediatric specialist
recommend in addition to asthma education ?

a. Begin administering 1 puff of salmeterol (Serevent) twice daily.
b. Begin administering montelukast (Singulair) chewable tablet once each evening.
c. Replace the budesonide DPI (pulmicort Flexhaler) 90 mcg with 2 puffs of

fluticasone  (Flovent) 110 twice daily.
d. Replace the Budesonide DPI (Pulmicort Flexhaler) 90 mcg with 1 puff of

fluticasone/salmeterol (Advair) 100/50 twice daily.

12. A 14 year old patient who weighs 75 kg (165 lb) is recovering from blunt chest trauma
received  during a football game.  Splinting is observed during inspiratory efforts.  Vital
capacity is  measured at 1.1 L.  Which of the following therapeutic modalities should a
neonatal/pediatric specialist implement ?

a. mask CPAP
b. incentive spirometry
c. volume-oriented IPPB
d. high frequency chest wall oscillation
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13. A child with neuromuscular weakness has retention of secretions.  Which of the
following is the  most effective device for secretion clearance ?

a. intrapulmonary percussive ventilation
b. mechanical insufflations-exsufflation
c. high-frequency chest wall oscillation
d. positive expiratory pressure device

14. A full term newborn with a congenital diaphragmatic hernia is receiving high frequency
jet  ventilation and 10 ppm inhaled NO.  Following a successful low-range calibration,
the NO concentration reads 14 ppm.  Which of the following should the NPS do first ?
a. perform a high-range NO calibration
b. replace the sample line
c. calibrate the O2 sensor
d. change the injector module

15. A 9 year old patient with cystic fibrosis complains of shortness of breath and dizziness
while in  the left lower lobe postural drainage position.  A NPS should

a. stop all chest physiotherapy and discontinue further sessions
b. perform the therapy, but for a shorter period of time
c. continue drainage, but not percussion and vibration
d. proceed with other drainage positions and note patient’s discomfort

16. When resuscitating a newborn in the delivery room, which of the following is the most
accessible artery for palpation ?

a. femoral
b. carotid
c. brachial
d. umbilical

17. A 900 g infant is receiving mechanical ventilation and has bilateral chest tubes,  A chest
radiograph shows flattened diaphragms and uniformly distributed small cystic
radiolucencies.  A  NPS should recommend which of the following types of mechanical
ventilation ?

a. high frequency
b. differential lung
c. pressure-controlled
d. pressure support
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18. During routine suctioning of an intubated infant with RSV pneumonia, bright red blood 
 is  observed from the ETT. A NPS notes that the suction pressure is -80 mmHg.  Which of 
 the following is the most likely cause of the bronchial hemorrhage ? 
 
 a. the ETT perforated a blood vessel 
 b. the suction pressure is set too high 
 c. the infant developed necrosis from the pneumonia 
 d. the catheter damaged the mucosa 
 
 
19. A 35 kg (77 lb) 11 year old child requires mechanical ventilation following a near-
 drowning  accident.  Vent settings and ABG results are as follows: 
 
 FIO2   0.80   pH  7.36 
 Mandatory rate  18   PaCO2  38 torr 
 VT   280 mL   PaO2  55 torr 
 PEEP   5 cmH2O  HCO3  21 mEq/L 
 Inspiratory time  0.9 sec   BE  -4 mEq/L 
 
 Which of the following should a NPS recommend ? 
 
 a. increase the FIO2 
 b. decrease the rate 
 c. increase the PEEP 
 d. decrease the inspiratory time 
 
20.  A 32 week gestational age neonate with bacterial pneumonia is receiving mechanical ventilation 
with the following settings: Mode        SIMV 
    FIO2        0.70 
    Mandatory rate       35 
    VT        15 mL 
    PEEP        5 cm H2O 
    Pressure support       6 cm H2O 
 While disconnecting the ventilator circuit for suctioning, the neonate becomes bradycardic and 
 the SpO2 decreases from 94 % to 86 %.  A NPS should: 
 
 a. use a closed system catheter during suctioning 
 b. increase the FIO2 to 1.0 prior to suctioning 
 c. increase the pressure support to 10 cmH2O prior to suctioning 
 d. manually ventilate with an FIO2 of 1.0 and 12 cmH2O PEEP during suctioning  
 
21. A NPS reviews the chest radiograph of an infant with sever RDS.  The specialist notes the 
 appearance of tiny radiolucencies in the perihilar area of the lung progressing outward.  
 These findings are most consistent with 
 
 a. pneumothorax 
 b. pneumomediastinum 
 c. subcutaneous emphysema 
 d. pulmonary interstitial emphysema 

241



 
 
22. A 10 year old child with asthma and mucus plugging is receiving postural drainage and 
 chest percussion for the removal of secretions.  The child is anxious and complains of 
 pain during the procedure.  The physician asks a NPS to suggest a secretion clearance 
 device the child can eventually do on her own.  Which of the following should the NPS 
 recommend ? 
 
 a. mechanical insufflations-exsufflation 
 b. a vivbratory PEP device 
 c. high-frequency chest wall oscillation 
 d. intrapulmonary percussive ventilation 
 
23. A child presents to the ED after being rescued from a house fire.  The pulse oximeter 
 indicates  97 %. Which of the following is the best interpretation of this value ? 
 
 a. the carboxyhemoglobin level is 3 % 
 b. carboxyhemoglobin level is normal 
 c. tissue oxygenation is accurately reflected 
 d. SPO2 does not fully reflect oxygenation status 
 
24. A 3 year old child is receiving a continuous infusion of morphine for analgesia after heart 
 transplant surgery.  A NPS is called because the child is lethargic and has a RR of 12/min.  
  The specialist should recommend 
 
 a. bag-mask ventilation 
 b. naloxone (Narcan) administration 
 c. oxygen by high-flow nasal cannula 
 d. epinephrine administration 
 
25. The ED of a metropolitan children’s hospital has been notified that an outbreak of viral 
 hemorrhagic fever is suspected in a nearby school.  The NPS is asked by the supervisor 
 to prepare for a potentially large number of patients.  Which of the following should be 
 considered in anticipation of these patients ? 
 
 a. cohorting patients with similar symptoms 
 b. individually isolating all patients 
 c. diverting all other patients to a nearby city hospital 
 d. obtaining portable oxygen cylinders for each patient 
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26. A 6 year old child is receiving CPR after a motor vehicle crash.  The following arterial
blood gas  results are obtained after 20 minutes:

pH 7.18 
PaCO2 37 torr 
PaO2 263 torr 
HCO3 13 mEq/L 
BE -14mEq/L 

Which of the following should a NPS recommend ? 

a. decrease the delivered TV
b. decrease the ventilation rate
c. administer epinephrine
d. administer sodium bicarbonate

27. A 3 year old child is admitted to the ED with severe asthmatic symptoms.  The physician
orders a bronchodilator that is available in both solution and MDI preparations.  Which
of the following is  the best delivery system ?

a. breath-actuated MDI with mask
b. small-volume nebulizer with mask
c. MDI with holding chamber
d. small volume nebulizer using blow-by technique

28. A 6 month old infant is receiving mechanical ventilation following surgical correction for
hypoplastic left heart syndrome.  The infant’s SvO2 has decreased from 75 % to 70 %
over the past 3 hours.  Which of the following should a NPS recommend ?

a. administer fluid
b. administer a neuromuscular blocker
c. continue monitoring the infant
d. increase PEEP

29. Following abdominal surgery, a 16 year old patient develops bibasilar atelectasis.  Pulse
oximetry monitoring indicates an SpO2 of 95 % while receiving 50 % oxygen with an air-

 entrainment mask.  Which of the following should the NPS recommend ? 

a. mask CPAP
b. incentive spirometry
c. IPPB therapy
d. bronchodilator therapy
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30. A 3 month old infant undergoes a cardiac catheterization for evaluation of congenital 
 heart disease. Co-oximetry results during the catheterization are as follows: 
 
  SVC 79 % 
  RA 90 % 
  RV 90% 
  LA 95 % 
 A NPS should anticipate treatment for 
 
 a. truncus arteriosus 
 b. an atrial septal defect 
 c. coarctation of the aorta 
 d. cardiomyopathy 
 
31.  A  neonate has pulmonary interstitial emphysema.  Compared to the peak  pressure 
 during  conventional ventilation, which of the following is the best way to set peak 
 inspiratory pressure when initiating high frequency jet ventilation ? 
 
 a. the same 
 b. 5 % to 9 % above 
 c. 10 % to 19 % below 
 d. 20 % to 25 % above 
 
32. A 16 year old patient who has quadriplegia following a diving accident requires 
 instruction in quad coughing. Which of the following should a neonatal/pediatric 
 specialist do? 
 1. Have the patient describe the procedure to the nurse 
 2. Ask the caregiver to demonstrate the proper technique. 
 3. Include family and friends in the educational sessions 
 4. Provide written instructions 
 a.  1,2,3 
 b.  1,2,4 
 c.  1,3,4 
 d. 2,3,4 
 
33. A 28 week gestional age infant weighing 1000 g is receiving pressure limited, 
 time cycled ventilation. The infant has received surfactant replacement therapy. 
 Thirty minutes, the high minute volume alarm is activated. Which of the 
 following may explain this alarm event? 
 a. Vt has increased 
 b.  Compliance has worsened 
 c.  A pneumothorax is present 
 d.  There is a leak in the vent  circuit 
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34. A term neonate at 12 hours of age has an indirect bilirubin level of 5mg/dl. One
day later, the  level increases to 14 mg/dl. Which of the following should the
neonatal /pediatric specialist  anticipate?
a. No additional therapy is needed at this time
b. Phototherapy will be started
c. Albumin will be administered
d. Antibiotics will be ordered

35. A NPS observes a 3 year old child in the ED sitting up, leaning forward, drooling,
and in severe  respiratory distress. The specialist should suspect
a. Cystic fibrosis
b. Bacterial tracheitis
c. Epiglottitis
d. Bronchiolitis

36. A 27 weeks’ gestation infant, now corrected at 35 weeks, is receiving nasal CPAP
at 5 cmH20 with an FIO2  of .21 to .25 following a 4 week duration of
mechanical ventilation. The infant has  a therapeutic caffeine level and no
apneic or bradycardic episodes  have been observed in the  past 2 days. The
infant is tolerating full feeds and the SP02 is consistently 94-96%. Which of the
following should a NPS select?
a. 5 LPM nasal cannula
b. ¼ LPM nasal cannula
c. 30% oxygen hood
d. 100% blow-by oxygen

37. A 4 year old child is receiving pressure support ventilation following a left
thoracotomy. The trigger sensitivity is set at .5 LPM. A chest tube is in place an
there is continuous bubbling in the  water seal chamber. A NPS responds to a
high minute volume alarm and observes the total rate  is 40/min. Which of
the following should the specialist recommend?
a. Sedate the child
b. Reposition the chest tube
c. Increase the pressure support level
d. Adjust the sensitivity

38. While reviewing a neonate’s chest radiograph, a NPS notes the diaphragm is at
the 11th rib. Which of the following is most consistent with this finding?
a. Volumtrauma
b. Hyperinflation
c. Normal aeration
d. Pneumonia
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39. A 6 year old child with a history of asthma is receiving a 70/30 heliox mixture
with a  nonrebreathing mask in the ED. After 30 minutes the child continues to
have an increased WOB.  The child’s SP02  is currently 99%. Which of the
following should a NPS recommend?
a. Administer the 70/30 mixture with a simple mask
b. Administer the 70/30 mixture with a nasal cannula
c. Switch the patient to 100% helium with a nonrebreathing  mask
d. Switch the patient to an 80/20 heliox mixture with a nonrebreathing mask

40. A 19 month old infant with chronic lung disease is receiving mechanical
ventilation and weaning attempts have been unsuccessful. Which of the following
should a NPS recommend?
a. Indomethacin (Indocin)
b. Tolazoline  (Priscoline)
c. Glycopyrrolate (Robinul)
d. Furosemide (Lasix)

41. Flexible bronchoscopy is being performed on a child with acute lumphocytic
leukemia to rule out pneumocystis. During the procedure the child starts to cough
uncontrollably. Which of the  following should be instilled in the airway?
a. 1-2% lidocaine
b. 5% lidocaine
c. 0.9% NaCI
d. 4% NaCI

42. A 4 year old child, found at the bottom of a swimming pool, is admitted to the
PICU. Paramedics were able to achieve a pulse after advanced resuscitative
measures; however, shortly after admission the child was noted to have fixed and
dilated pupils. A CT scan shows massive cerebral edema. On further examination,
there is no cough or gag reflex. The medical team plans to withdraw support. A
NPS is asked to provide apneic oxygenation with a flow-inflating resuscitation
bag with 100% O2 source. Which of the following should the NPS expect?
a. Extubation when SPO2 is less than 95% and heart rate is less than 50%
b. Absence of spontaneous breathing when Paco2 is greater than 60 torr
c. Return of pupil reactivity, but no return of gag or cough reflexes
d. Sudden decrease in SPO2 necessitating manual ventilation
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43. A full-term newborn is receiving inhaled nitric oxide therapy set at 20 ppm for 
 PPHN. The  measured NO is reading 15 ppm and the NO2  is 1.0 ppm.  Which of 
 the following should a NPS  perform? 
 a. A low range calibration 
 b. A high range NO2 calibration 
 c.  A high range NO calibration 
 d.  A cylinder purge 
 
44. A NPS is reviewing the chest radiograph of a 6 month old infant with RSV 
 bronchiolitis and atelectasis of the right upper lobe. The infant’s respiratory rate is 
 52/min and SPO2 is 96% with 0.5 l/min of oxygen by nasal cannula. Which of the 
 following should the NPS anticipate? 
 a.  Obtaining  a capillary blood gas 
 b.  Initiating continuous positive airway pressure 
 c.  Increasing nasal cannual flow rate to 1 l/min 
 d.  Beginning chest PT 
 
45. A 10 year old child was admitted following a motor vehicle crash. The child 
 required fiberoptic intubation in the ED. The child has remained intubated for 3 
 days and is being prepared for extubation. Which of the following is essential to 
 have available at the bedside? 
 a.  Nasopharyneal airway 
 b.  Rigid bronchoscope 
 c.  Delee suction catheter 
 d.  Endotracheal tube exchanger      
 
46. A 14 year old girl has been diagnosed with Guillain Barre. The patient’s vital 
 capacity and  negative inspiratory force (NIF) are monitored every four hours. 
 The patients’ VC has decreased from 2400 to 800 ml and NIF  dropped from -29 
 to -18 over the past four hours. Which of the following should the NPS 
 recommend? 
 a.  Continued observation and monitoring 
 b.   Intubation and mechanical ventilation 
 c.  Administration of Tensilon  (Edrophonium) 
 d.  Initiation of high-flow nasal cannula 
 
47. A new born is receiving continuous mechanical ventilation. The CXR show a well 
 positioned ETT, but there are bilateral fluffy infiltrates. The NPS should consider 
 which of the following to be a likely cause: 
 a.  Pneumothorax 
 b.  Pneumonia 
 c.  PIE 
 d.  Atelectasis       
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48. A neonate born ay 25 weeks’ gestation, now 29 weeks corrected, is receiving
nasal CPAP at  5 cm H20 and 25% oxygen.  The patient is receiving periodic
bolus feeds through an orogastric tube. The NPS observes  that the neonate
has become increasingly tachypneic over the past 12 hours and appears to have
gastric distention. Which of the following should be considered as  the next step?
a. Intubate and begin invasive MV
b. Increase the FIO2 to 35%
c. Caffeine therapy
d. Obtaining a radiograph of the abdomen

49. A NPS is called to perform an initial assessment of a 13 year old girl. Inspection
finding include clubbing of the finders. This finding  may  suggest:
1. GI disease
2. Pneumothorax
3. Cardiopulmonary disease
4. TE fistula
a. 1&2
b. 1&3
c. 2&4
d. 3&4

50. Spontaneous rupture of membranes occurs at 30 weeks gestation  in a previously
healthy woman. Which of the following presents the  greatest risk for the
neonate?
a. RDS
b. Group B Streptococcus pneumonia
c. Meconium aspiration
d. Congenital diaphragmatic hernia

51. Which of the following is the initial dose (in parts per million, ppm) of inhaled
nitric oxide used to treat term infants with persistent pulmonary hypertension of
the newborn?
a. 5
b. 10
c. 20
d. 40
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52. A NPS is called to assess a 39 week, 3 kg infant in severe respiratory distress.
The patient is  intubated with a 3.5 mm ID oral endotrachael tube secured at the
10 cm mark. Breath sounds are fair on the right and absent on the left. The NPS
withdraws the endotrachael tube to the 9.5 cm mark, but breath sounds do not
improve. Which of the following should be considered?
a. Recommend a CXR
b. Withdraw the tube to the 8.5 cm mark
c. Reintubate with a smaller endotracheal tube
d. Suggest left thoracentesis

53. End tidal carbon dioxide values less than 35 torr may be found in children due to
1. Increased alveolar deadspace
2. Right mainstem intubation
3. Esophageal intubate
4. Cardiac arrest
a. 1, 2 &3
b. 1, 2 &4
c. 1, 3 &4
d. 2, 3 &4

54. Cystic fibrosis is most frequently associated with:
a. Brittle fingernails
b. Tachycardia at rest
c. Foul smelling stools
d. Rapid weight gain

55. A 13 year old boy who was extubated 3 hours ago has developed laryngospasm
with mild accessory muscle usage and hoarse cough. Oxygen saturation is 95%
and the heart rate is normal.  A NPS shoud anticipate the administration of:
a. Oxygen by venturi mask at 34%
b. 2.25 racemic epinephrine with small volume nebulizer (SVN)
c. Corticosteroids by metered dose inhaler
d. Ipratropium bromide by SVN

56. Of the following, which best describes the mechanics of ventilation used
by the high frequency oscillator?
a. Active inspiration with passive exhalation
b. Active inspiration with active exhalation
c. Passive inspiration with active exhalation

249



57. Hyaline Membrane Disease (HMD), uncomplicated by air leak, is best treated
with the  following:
a. Delaying intervention as long as possible or until the patient meets

the criteria for HFOV rescue
b. A low lung volume strategy
c. Optimizing lung volume, by increasing the mean airway pressure

in one (1) cm steps until oxygenation improves.

58. Which of the following concepts least applies to the method used by the high
frequency  oscillator for oxygenation of a patient?
a. Oxygenation is related to Paw and alveolar volume
b. Oxygenation is a factor of V/Q matching which is normalized at

higher lung volume
c. Oxygenation is not dependent of FiO2 and not affected by

distribution of ventilation

59. Ventilation and CO2 clearance using an oscillator is best described by
a. Ventilation is a function of large tidal volumes at low Paw
b. Ventilation is a function of I:E ratio
c. Ventilation is a function of frequency and Vt2

60. Treating Pulmonary Interstitial Emphysema (PIE) with an oscillator should not
include the following

a. Increasing FiO2 and Delta P until capillary filling time increased
one second

b. A lower lung volume strategy
c. Initiating HFOV with a Paw 1 cm H2O lower than that required by

conventional mechanical ventilation

61. The following statement is true
a. Decreasing frequency results in a lowered PaCO2
b. Frequency is the primary control for CO2 elimination in HFOV
c. Increasing the frequency results in an increased stroke volume

62. The main contributor for the control of mean airway pressure (Paw) in the
oscillator is
a. The electromagnetic forces of the oscillator
b. Adjusting the power control
c. The restricting of the bias flow exiting the circuit past the balloon valve
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63. Which of the following features protects the patient from high mean airway
pressures?
a. Servo control of the actual measured pressure
b. Automatic limit of bias flow
c. Adjustable mean airway pressure limit and an adjustable high

pressure alarm

64. Which alarms stop the oscillator and opens the circuit pressure to
atmospheric pressure
a. Paw < 20% “Paw set max” and/or Paw > 50 cm H2O
b. High or low Mean Airway Pressure Limit
c. Volume limit

65. HFOV can generate oscillatory pressures > 90 cmH2O. Of the  following
statements, which best describes the application of high pressures in neonates?
a. Delta P of > 90 cmH2O is the normal delivered pressure to the

lungs and is always used in neonates
b. Delta P is dramatically attenuated to 10 to 20% of the measured

value by the ET tube, and therefore is much lower than the peak
pressures delivered to the airways by conventional ventilation

c. There is no need to monitor Delta P

66. Decreasing frequency would result in what affect on the proximal
(displayed) and distal (tracheal) oscillatory pressures.
a. Both would decrease proportionally
b. Both would remain unchanged
c. The proximal remains relatively unchanged but the distal increases

67. The effect of increasing the oscillatory Power Setting from 2 to 3 would
best be described by the following?
a. An increase in Delta P between 10 - 15 cmH2O
b. An increase in the Mean Airway Pressure by 1 cmH2O
c. A decrease in Delta P by 1cm H2O

68. Setting a bias flow of 10LPM would result in an expected maximum
mean airway pressure of
a. Between 15 – 20 cmH2O
b. Between 0 an 10 cmH2O
c. Would have no significant effect on Paw
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69. The oscillator requires a source of pressurized air. The following
statement is not true
a. The gas is used to mix with oxygen to achieve the correct FiO2
b. The gas determines the piston power
c. The gas cools the oscillator electromagnet

70. The Patient Circuit Calibration procedure should be performed:
a. Only when receiving a new circuit from the factory
b. Whenever switching patient circuits or circuit components
c. Only when putting a new patient on the 3100A

71. The Ventilator Performance Check and Alarm Verification on the 3100A
needs to be performed
a. Every 500 hours of use
b. After each patient use
c. When setting up for a new patient

72. A change in the Delta P or Paw reading from the initial setting may be
caused by
a. A small change in the air and oxygen line pressures
b. Water in the bias flow circuit
c. A change in the ET tube position

73. Which of the following best describes why barotrauma is reduced by HFOV using
a high volume  strategy
a. By eliminating the opening and closing of the surfactant deficient

lung units
b. Paw is higher, so peak distending pressures are increased
c. Nitrogen splinting of the alveolus is eliminated by HFOV

74. When using HFOV on patients with severe respiratory failure, the initial
Paw should be set to
a. The same as on conventional ventilation (CMV)
b. Depends on the size of the ET tube
c. Substantially higher than on CMV

75. When using HFOV to ventilate a patient with non homogeneous lung
Disease, such as meconium aspiration, the clinician should
a. Carefully monitor the chest X-ray for focal over-distention
b. Expect effective meconium and mucous clearance
c. Never attempt ECMO intervention following HFOV failure
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76. The Jet Ventilator Patient Box is where blended gas is broken up into small 
 “pulses” which then provide the patient with breaths necessary for ventilation.  
 True or False 
 
77. An advantage of the Jet Ventilator LifePort adapter is that reintubation is not 
 required in order to provide high-frequency ventilation.  True or False 
 
78. It is important to check for proper humidification (misty or condensation) in the 
 green  portion of the Jet Life Pulse circuit between the Patient Box and the 
 LifePort. True or False 
 
79. The initial Jet ventilator frequency is usually 420 bpm (7Hz). True or False 
 
80. The inspiratory time on the Jet ventilator is usually set at 0.020 sec. True or False   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

253



2020 Neonatal Pediatric Specialist Final Exam- Answer Key 

1. d 33. a 65. b
2. d 34. b 66. c
3. a 35. c 67. a
4. b 36. b 68. a
5. d 37. d 69. b
6. d 38. b 70. b
7. a 39. d 71. c
8. a 40. c 72. b
9. c 41. a 73. a
10. b 42. b 74. c
11. c 43. c 75. a
12. b 44. c 76. t
13. b 45. d 77. t
14. a 46. c 78. t
15. d 47. c 79. t
16. d 48. d 80. t
17. a 49. d
18. d 50. a
19. c 51. a
20. a 52. a
21. d 53. c
22. b 54. c
23. d 55. b
24. b 56. b
25. a 57. c
26. d 58. c
27. b 59. c
28. a 60. a
29. a 61. a
30. b 62. c
31. c 63. c
32. d 64. a
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	5.    A pediatric patient is being weaned from invasive mechanical ventilation using VC-SIMV
	without pressure support. The respiratory therapist reviews the following data from the last
	few hours.        Time      Set VT    Spon VT     Set Rate     Spon Rate        0630       650           410                8                   6        1020       650           400                6                  10        1600       650     ...
	6.  NPPV is being initiated on a 16- year old male with a history of asthma.  He has an IBW of
	70 kg. The initial settings are IPAP = 10 cm H2O, and EPAP = 5 cm H2O. The patient’s VT on
	these settings is 270 mL and f = 26 breaths/min. What change would you recommend?
	a.  Increase the IPAP
	b.  Decrease the IPAP
	c.  Increase the EPAP
	d.  Decrease the EPAP
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