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• Discuss differences in respiratory 
anatomy/physiology in children

• Recognize clinical signs of acute respiratory failure

• Understand the pathophysiology of obstructive vs 
restrictive lung disease and how it guides 
management

Objectives
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Respiratory Anatomy/Physiology
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Higher Metabolic Requirements
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Infants and children have limited respiratory 
reserve and decompensate rapidly in the face 
of respiratory compromise
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Types of Respiratory Failure
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 MIXED

HYPOXEMIC

• Ventilation-Perfusion Mismatch
• Shunt

• Low Alveolar Oxygen
• Diffusion Abnormality (rare)

HYPERCARBIC

• Hypoventilation
• Airway Obstruction

• Chest Wall Compliance
• Lung Compliance



Normal Vital Signs
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• Tachypnea and tachycardia

• “noisy breathing” 

• Work of breathing
• Nasal flaring = ↑ nasal airways

• Retractions = accessory muscle use = ↑ tidal volume

• Grunting = auto-PEEP

• See-saw = active exhalation (abdominal muscles)

• Head bobbing 

Signs of Respiratory Distress
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FREQUENT 
REASSESSMENTS 

IS KEY
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• Progressive increase in RR and HR despite interventions

• Severe work of breathing

• Decreased/absent work of breathing, decreased respiratory rate

• Altered mental state: agitation/confusion then lethargy

• ↓ heart rate and blood pressure (LATE)

• Cyanosis*

Signs of impending Respiratory Failure
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2 year old, fully immunized boy presented to ED with saturation in low 80s. 
Started on O2 via non-rebreather mask at 10L/min. Given epinephrine neb and 
dexamethasone. Has now received 4 doses of epinephrine with only temporary 
improvement. Moderate to severe work of breathing when upset. Stridor at rest 
goes away post epinephrine neb for 15-30 min. Does not look toxic. 

• VS: Sat 97-97%, RR 45, HR 150, BP 80/35 T38.1

• Normal CXR and lateral neck x-ray

Case #1 
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Worried?
Dx? 
Immediate 
management?



• Location: supraglottic, glottic, subglottic

• Can be fixed or variable which will affect type of flow limitation

• Age related airway dynamics
• Smaller airways

• Less cartilaginous support (more prone to collapse)

Upper Airway Obstruction
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• Croup

• Anaphylaxis

• Inhaled foreign body

• Retropharyngeal or peritonsillar abscess

• Epiglottitis

• Bacterial tracheitis

• Trauma, burns

• Decreased level of consciousness

Acute upper airway obstruction - DDx
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 Normal   Edema (1mm)  Area/resistance 

Infants        ↓75%   /   ↑ 16x

Adults         ↓44%   / ↑ 3x

Resistance
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4mm

8 mm

2mm

6 mm



17



18



A few pearls…..

Retropharyngeal abscess



• Disease now virtually eradicated in the pediatric population who have been 
immunized to BC standard 

• Used to be most commonly caused by Hemophilus influenzae Type B (HIB)

A few pearls…..

Acute epiglottitis



A few pearls…..

Bacterial tracheitis



• Hypercarbic hypoxemic failure can be completely corrected with 30% FiO2

• Alveolar gas equation
• PAO2= PiO2– PaCO2/RQ (0.8)

• PiO2 = FiO2 (Pb-PH20)

Hypercarbic Hypoxia
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Upper airway obstruction 
should not cause hypoxia.

O2 is correcting 
hypercarbic hypoxia



• Oxygen can be given to improve saturations (!)

• Nebulized epinephrine for temporary relief

• Dexamethasone 0.6 mg/kg 

• Emergency airway management = difficult 
airway pathway

• ETT ½ to 1 size smaller

• Treat specific cause

Upper Airway Obstruction - 
Management
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High risk of deterioration and 
complete obstruction if 

upset, sedated, reposition

Delay investigation until 
airway is secure



• Hypoxia

• Hypercarbia

• Airway obstruction

• Airway protection – level of consciousness

• Tests and procedures

Intubation: Why do we need to intubate?

24



• Dysmorphic facial features / syndromes

• Stridor/UAO

• Physical features: 
• Limited mouth opening

• High arch or narrow palate

• Small mandible

• Short/wide neck

• Limited head and neck range of motion

Predictors of Difficult Airways
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• Personnel : who will intubate, back up? 

• Equipment

• Medications
• Induction

• Resuscitation drugs/fluids

• Checklist

Intubation - Preparation
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“Hope for the best, but 

prepare for the worst”
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• 10 months old baby presented to ED with 4/7 rhinorrhea  and cough and 
1/7 WOB. On arrival sats 88% on RA. He has been started on LFNC with 
good response in his sats.

• VS: RR 70 , Sat 92% on 2L/min LFNC, HR 140s, BP 70/35, T 38.2

• Gas: 7.30-58-23 lactate 1.5

• Exam: moderate WOB with supra-sternal and subcostal retractions, wheeze, good air 
entry, normal LOC/activity. “Happy wheezer”

Case #2
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Worried?
Dx? 
Immediate 
management?
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• Viral LRTI with obstruction of the small airways: acute 
inflammation, edema and epithelial cell necrosis

• RSV most common pathogen, but can be caused by a 
plethora of viruses

• Diagnosis is CLINICAL -  made on history and physical 
examination:

• Usually < 2yo

• Start with 2-3 days viral prodrome: cough, fever, rhinorrhea

• Progressive respiratory distress

Bronchiolitis
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Severity factors: 
- Apnea

- Respiratory acidosis
- Altered LOC/hypotonia
- Persistent hypoxemia

- Impending respiratory failure

- Age:  < 6 weeks
- Prematurity

- Chronic lung disease
- Congenital heart disease
- Neuromuscular disorders

- Immunodeficiency



• Few hours later: RR-75, HR 160, Temp 37.2, BP 82/52, 
Saturations 88% on 3L LFNP with moderate to severe 
WOB.  Remains alert and interactive

• You have decided to start this child on HFNC 
2L/kg/min FiO2 30%.  Feeds were transiently held

• Saturations and RR/WOB have improved over the next 
2 hours

• The resident asks you why do infants get so sick with 
RSV and adults only get a cold? 

Case #2 (continued)
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• Despite an initial improvement, after 
6 hours the patient showed persistent 
deterioration:

•  RR 80-85, HR 180, sats 89% on 50%, 
HFNP 2L/kg/min Temp 36.8, BP stable.  

• Severe work of breathing

• Not lethargic

• CBG: 7.28/65/21

• MANAGEMENT OPTIONS?

Case #2 (Continued)
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• Febrile neonate with clinical bronchiolitis
• Septic workup?

• Symptomatic management: oxygen, hydration

• No medication recommended routine
• B2-agonists "trial" no longer be considered

• Antibiotics can be considered if strong suspicion/evidence of secondary bacterial pneumonia

• Respiratory support: HFNC, NIV, IPPV
• Respiratory toilet: suctioning

• Low respiratory rate/optimize expiratory time for obstructive lung disease (if 
sedated/paralyzed)

• Permissive hypercapnia

Bronchiolitis-Management
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• 4 year old boy with history of asthma. 2/7 rhinorrhea/cough. 1/7 WOB on Ventolin 
q4h at home. On admission sats in low 80s, severe WOB. Started on the asthma 
protocol.

• Has received back to back Ventolin/Atrovent x3, dexamethasone po, MgSo4 IV, methylpred IV 
and is now on Ventolin q 30 min via nebulizer

• On 3L NP O2. Sats 92-94%. RR 30. HR 130-140 bpm. BP 85/42

• The child is asleep in his mother’s arm during your examination. You cannot appreciate any 
wheeze, but note diminished air entry throughout. There is moderate-severe WOB with 
shoulder shrug.

• 7.2-60-22 lactate 5.2

• CXR: no pneumothorax, hyperinflated +++

Case #3 
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Worried?
Dx? 
Immediate 
management?
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• You have appropriately identified that this child is in impending respiratory failure 
and have elected to start BiPAP in the ED and consult PICU. 

• The medical student points out that the patient is already hyperinflated, won’t 
BiPAP make him worse? 

Case #3 (continued)
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• Advanced therapies
• IV steroids

• IV magnesium sulfate (max 75mg/kg total)

• Continuous salbutamol nebs vs IV infusion

• Ketamine

• Inhaled anesthetics

• Aminophylline

Status Asthmaticus Management
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• Physiology
• Heterogenous distribution of ventilation results in V/Q mismatch

• Bronchoconstriction/mucus plugging

• Hyperinflation

• Delta P = decreases work of breathing

• Hyperinflation = positive pressure in the alveoli
• PEEP: positive pressure in the airway =

• Decreases the amount of work necessary to initiate inspiration

• Stent airways open = helps exhalation

• Stent alveoli open = helps with V/Q mismatch

BiPAP and Asthma Exacerbation
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• Unfortunately, the patient has continued to deteriorate and now has an almost 
silent chest and is very somnolent. 

• Repeat gas: pH 7.05 CO2 73 lactate 7.5

• VS: HR 150, BP

• You make the decision to intubate this patient
• Anticipated complications on intubation? 

• Explanations for shock and lactic acidosis

• Initial settings on ventilator? 

Case #3 (continued)
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• Dehydration = decreased pre-load

• Tachycardia = decreased diastolic RV/LV filling = decreased pre-load

• Effects of positive intra-thoracic pressure / obstructive physiology = affects both 
pre-load and afterload (next slide)

• Severe acidosis = can affect contractility + risk of arrhythmias

• Salbutamol (B-adrenergic) also causes hyperglycemia and hyperlactatemia

Status Asthmatic and Shock
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• Spontaneous vs positive pressure ventilation

Heart-Lung Interactions

Image adapted Cardiac Considerations in Chronic Lung Disease 2020



Ventilator Settings

Asthma
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Low respiratory rate for age
Maximize eTime
“Optimal PEEP”

Permissive hypercapnia



KEEP CALM
AND

BREATHE ON
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• AAP and CPS Bronchiolitis guidelines
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