
Acute Respiratory Failure



• Describe the similarities and differences between adults, children and 
infants' anatomy and their physiological responses to critical illness

• Identify clinical signs of respiratory distress and of impending respiratory 
failure in pediatric patients

Objectives for pre-Course reading



Child vs adult anatomy 

Nasal airway precarious :
Infants nasal breathers : 
nasal congestion can 
obstruct ventilation

Oral airway challenging :
Relatively large tongue, small 
oropharynx

Immature respiratory control

Large head, short neck, 
prominent occiput

Small airways, little cartilaginous 
support early in life

Inefficient ventilatory mechanics :
-horizontal ribs
-flat diaphragm
-underdevoped accessory muscles
-compliance chest >> lungs

Airway instrumentation challenging :
-high, anterior larynx
-large floppy epiglottis
-short, compressible trachea



FRC / Closing volume in infants 

Child vs. adult physiology



Ventilation (V) perfusion (Q) relationships in the lung

A  Normal

B  VQ mismatch

C  Diffusion block

D  Shunt

E  Dead space

ALL of these variants of 
ventilation / perfusion matching 
may be present in the lungs in  
varying proportions at any time



Shunt /dead space / V/Q mismatch

May have all present in same patient at same time (bronchiolitis, ARDS)

V/Q > 1 V/Q < 1

No alveolar perfusion

Good alveolar perfusion



Child vs Adult anatomy and physiology



Infants and children have limited respiratory 
reserve and decompensate rapidly in the face of 
respiratory compromise…………

Let’s review the physiology to understand why



Normal ventilation

FiO2
Alv MV
V/Q 
DLO2

O2

Alv MV = RR x (VT - VDS)

CO2

Alv MV
( RR )
( Exh TV )



Carbon dioxide removal

• Largely dependent on alveolar ventilation
• Alveolar ventilation = Resp rate X exhaled tidal volume (TV)
• Exhaled TV = Total tidal volume (6-10 ml / Kg)– dead space volume (3 ml / Kg)

• Anatomical dead space is constant
• Physiological dead space variable dependent on VQ matching
• Equipment dead space



Normal alveolar gas mixture

Nitrogen

Oxygen

Carbon dioxide

Water vapour

Alveolar pressure  = PAO2 + PACO2 + PAH2O + PAN2



Alveolar gas with supplemental FiO2

Oxygen

Carbon dioxide

Water vapour

Nitrogen

Alveolar pressure  = PAO2 + PACO2 + PAH2O + PAN2



Alveolar Gas Equation

PAO2 = [FiO2 x (Patm – PH2O)] -- (PACO2/RQ)

PACO2 = PaCO2  Resp Quotient (RQ) = 0.8

Patm = 760mmHg  PH2O = 47mmHG

PAO2 = FiO2 x (760 – 47mmHg) – PaCO2/0.8



Practical applications of the Alveolar Gas Equation

Alveolar gas equation: PAO2= FiO2* (Patm-PH2O) –(PaCO2/RQ)

Breathing in RA

• PaCO2= 40, FiO2 =0.21

• PAO2= 0.21 * (760-47) –(40/0.8) = 150-50 = 100 (measured sat of 100%)

Breathing 100% O2

• PAO2 = 1.00 x 713 – (40/0.8) = 663mmHg (measured sat of 100%)

Rise in PaCO2 from hypoventilation, with consequent hypoxemia

• PaCO2= 80, FiO2= 0.21

• PAO2 = 0.21 (760-47) –(80/0.8) = 150-100 = 50 (measured sat approx 80%)

Hypoxemia from hypoventilation easily overcome with small amount of oxygen

• PaCO2= 80, FiO2= 0.30

• PAO2 = 0.30 (760-47) –(80/0.8) = 213-100 = 114 (measured sat of 100%)



A-a (O2) Gradient
Estimate difference between alveolar partial pressure O2 (PAO2) and arterial PaO2

       A-a (O2) Gradient = PAO2 – PaO2

• PAO2= (Patm–PH2O) x FiO2 –(PaCO2 / RQ)= (760 –47) x 0.21 –(40 / 0.8)(713 x 0.21) –50
• PAO2= 149 –50 = 99= 352 – 60 = 292
• Normal PaO2= 70 –100

Normal A –a gradient= 99 –80 = ~ 20 mm Hg (or 0 –30 mm Hg) (or Age + 10 /4 )

Example : Patient has PaO2 60 on FiO2 0.6 and PaCO2 is 60

 PAO2 = (713*0.6) – (60/0.8) = 427-75 = 352
 A-a gradient = 352 – 60 = 292

 



Acute Respiratory Failure

▪Hypoxaemic respiratory failure:
 PaO2  60mmHg (approxmate 

▪Hypercarbic respiratory failure:
 PaCO2  50mmHg

▪ Common to have features of both in respiratory 
failure



Common causes of hypoxemia

• Ventilation – perfusion mismatch

• Shunt

• Hypoventilation with high PaCO2

• Low inspired FiO2 - altitude

• Alveolar diffusion abnormality – rare in 
children



Common causes of hypoventilation / hypercarbia
▪ Hypoventilation from physiological exhaustion from trying to 

ventilate diseased, non-compliant lungs in infants with 
inefficient respiratory mechanics : bronchiolitis

▪ Hypoventilation from CNS depression
▪ CNS disease, medication, trauma, vascular

▪ Hypoventilation due to disease determined weakness 
▪ Congenital, acquired, medication

▪ Obstructed airway

▪ Chest compliance 
▪ Scoliosis, trauma

▪ Lung compliance
▪ Restrictive lung disease



Types of respiratory failure



Approach to managing hypoxemic respiratory failure



Clinical signs of respiratory distress

1. Respiratory compensation
▪ Tachypnea

▪ Very rapid rates can be seen!

▪ Noisy breathing

▪ Work of breathing
▪ Accessory muscle use

▪ Nasal flaring (increased nasal air flow)

• Recession/intercostal retractions

▪ Grunting (auto-PEEP)

▪ Active exhalation with abdo muscles

▪ “See-saw” breathing

▪ Head bobbing



Clinical signs of respiratory distress

2. Sympathetic stimulation
▪ Increased HR

▪ Increased BP (early)

▪ Sweating

3. Tissue hypoxia
▪ Altered mental state

▪ Decreased HR and Decr BP (late)

4. Hemoglobin desaturation
▪ Cyanosis



Clinical signs of respiratory distress
When do we call it failure ?

Frequent clinical reassessments are key to 
recognizing progressive deterioration

Maintaining longitudinal recording of vital 
signs , oxygen saturations , changes in 
ventilatory support, blood gases and Xrays 
may be helpful



▪ Be concerned if

▪ Extreme RR (age dependant, > 50-60), 
apnea/variable pattern

▪ Cyanosis or SpO2 < 90%, despite O2 support

▪ Rising PaCO2

▪ CVS deterioration, bradycardia

▪ Agitated, confused or comatose

▪ Deteriorating despite therapy

Warning signs that the need for ventilation support is approaching





Summary of pre-Course reading

▪ Children's anatomy & physiology different from 
adult’s

▪ Basic respiratory physiology 
▪ Oxygen uptake

▪ CO2 removal

▪ Pathophysiology (Shunt, V/Q mismatch, Dead space) 

▪ Frequent assessments, signs of severity and 
deterioration warning signs

▪ Treat the cause
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• Differentiate the presentation of common respiratory pathologies in 
critically ill pediatric patients : 

❖ Upper airway obstruction

❖ Bronchiolitis

❖ Asthma 

❖ Pneumonia

• Develop physiologically based specific management strategies for  
those conditions, using case based demonstrations

Objectives for today :  



Normal HR/RR by age



Other useful pediatric pearls



• 2 year old boy presented to ED with moderate to severe work of 
breathing, saturation in low 80s. Inspiration prolonged and associated 
with loud stridor. Regular loud barking cough.

• Started on O2 via non-rebreather mask at 10L/min. 

• Given epinephrine neb with immediate improvement in WOB and resolution of 
stridor

• Given oral dexamethasone. 

• After 4 doses of epinephrine at 15-30 min intervals, transient improvement after 
each. 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 

Worried?
Dx? 
Immediate 
management?



• Location: supraglottic, glottic, subglottic

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

• May be associated age-related airway 
dynamics

• Smaller airways, therefore obstruct more easily 
with intimal edema

• Less cartilaginous support and therefore more 
prone to collapse under pressure differential

• Unless the cause of the obstruction is also 
causing lung disease, then any hypoxia 
present is most likely due to hypercarbic 
hypoxia, and should be corrected by an 
FiO2 30%

   ( Physiology described in pre-reading for Course)

Upper airway obstruction



Grouped by level of obstruction
• Supraglottic 

• Epiglottitis

• Tonsillitis

• Retropharyngeal abscess
• Glottic

• External trauma, burns

• Postinstrumentation
• Subglottic

• Croup

• Bacterial tracheitis

• Mediastinal tumours
• Multilevel

• Foreign body

• Anaphylaxis

• Decreased LOC

Differential diagnosis



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

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

A few pearls…..

Acute epiglottitis



A few pearls…..

Acute epiglottitis



A few pearls…..

Acute epiglottitis vs croup



A few pearls…..

Croup ( = acute laryngotracheobronchitis )



A few pearls…..

Retropharyngeal abscess



A few pearls…..

Retropharyngeal abscess



A few pearls…..

Bacterial tracheitis



A few pearls…..

Foreign bodies

Pediatrics is fun dad……



A few pearls…..

Foreign bodies



A few pearls…..

Foreign bodies



A few pearls…..

Foreign bodies

Sometimes removing the FB cannot be left until the morning



Upper airway obstruction 
without associated lung disease 
should NOT cause hypoxia.

O2 is correcting 
hypercarbic hypoxia 

• 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

Returning to our case………..



• Oxygen can be given to improve saturations (!)

• Nebulized epinephrine for temporary relief

• Dexamethasone 0.6 mg/kg 

• Heliox = temporizing measure

• Emergency airway management = difficult 
airway pathway

• ETT ½ to 1 size smaller

• Treat specific cause

Upper airway obstruction - Management

High risk of deterioration and 
complete obstruction if 

upset, sedated, repositioned

Delay investigation until 
airway is secure

Returning to our case………..



Canadian Pediatric Society Guidelines 

for management of croup in the ER
Paediatr Child Health 22(3):166-169



Canadian Pediatric Society Guidelines 

for management of croup in the ER
Paediatr Child Health 22(3):166-169



trekk bottom line recommendations for Croup 

Recommended reading :

Reference : https://cms.trekk.ca/wp-content/uploads/2023/11/2023-08-21_BLR_Croup_v4.0_FINAL.pdf

This document is due for a review in 2025 and may be become incorporated into the BCCH Critical Care 
resources

It has no algorithm as such in this version but has a number of useful “criteria” sections that are not covered in 
the CPS algorithm : 

• Criteria for safe discharge home
• Criteria for hospital admission
• Criteria for transfer to PICU

It also has a more detailed approach to the management of patients at the sicker end of the scale : it is well 
worth a read

https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcms.trekk.ca%2Fwp-content%2Fuploads%2F2023%2F11%2F2023-08-21_BLR_Croup_v4.0_FINAL.pdf&data=05%7C02%7Cacogswell%40cw.bc.ca%7C28da57e810e14275bb5708dd8dc313e2%7C31f660a5192a4db392baca424f1b259e%7C0%7C0%7C638822591162100773%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=DYTQF1sGALIdYdm6a4vX%2B%2FcKswqmCh2KSIMsTt0L8ao%3D&reserved=0


• Hypoxia

• Hypercarbia

• Airway patency

• Airway protection

• Tests and procedures

Intubation: Indications

Worst case scenario



• Personnel : who will intubate, back up? 

• Equipment

• Medications
• Induction

• Resuscitation drugs/fluids

• Checklist

• Intubating a patient with croup should not be undertaken lightly and ideally should 
involve prior discussion with the PICU Intensivist, the on-site availability of an 
experienced pediatric ENT Surgeon and the most experienced “pediatric difficult 
airway” anesthetist available

Intubation - preparation

“Hope for the best, but 

prepare for the worst”







- Suction: preferably Yankauer suction, with the suction turned on and working

- Oxygen: flowing at an appropriate rate for pre-oxygenation

- Assistant:

- Position: sniffing position to optimize laryngeal view

- Monitoring: SaO2, ETCO2 (continuous), ECG, NIBP, stethoscope, crash cart

- Environment: room to move, equipment within reach

- Strapping/taping: to secure ETT, cut and ready

- Therapeutics: induction and emergency drugs, fluids

- Adjuncts (airway): OPA, NPA, bougie, LMA

- Bag and mask: right size, pressure tested +/- manometer

- Laryngoscope: 2 tested and working laryngoscopy +/- videolaryngoscope

- Endotracheal tube: appropriate size and one size below, preferably cuffed, stylet ALWAYS

SOAP ME STABLE



• Dysmorphic facial features / syndromes

• Mallampati grade 3-4

• 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

JAMA 2013



• 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

Worried?
Dx? 
Immediate 
management?



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

• Diagnosis is clinical, made on history and physical 
examination

• Management is supportive
• Hydration (enteral>IV), avoid fluid overload

• Oxygenation/ventilatory support

Bronchiolitis

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

Recommended reading : https://www.childhealthbc.ca/sites/default/files/Bronchiolitis-Less-is-Best-V1-2023%20%281%29.pdf



• You have decided to start this child on 
HFNC 2L/kg/min FiO2 30% for his WOB 
and mild respiratory acidosis. 

• Saturations and RR/WOB have improved. 

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

Case #2 continued



 Normal   Edema (1mm)  Area/resistance 

Infants        ↓75%   /   ↑ 16x

Adults         ↓44%   / ↑ 3x

Resistance

4mm

8 mm

2mm

6 mm



• Despite an initial improvement, the 
patient deteriorated overnight and was 
initiated on BiPAP.

• Despite BiPAP he has continued to 
deteriorate. On  assessment this 
morning

• VS: HR 180, BP 70/35 (45), CR 3-4 sec, 
RR 65, sat 95%

• Gas 7.31-50-17 lactate 3.2

Case #2 Continued



• 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



• The patient continued to deteriorate 
despite optimising BiPAP

• Central apnea became a significant 
problem requiring frequent 
intervention.

• He was intubated without 
complication and stabilised on PRVC 
ventilation

Case # 2 Continued



Extrapulmonary  manifestations  that  may  accompany  bronchiolitis

Extra-pulmonary manifestations
- CNS: central apnea (seizures, 

encephalopathy)
- CVS: myocarditis, arrhythmias, 

pericarditis, pHTN
- Liver: transaminitis
- Endocrine: SIADH



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

• On HFNC 2L/kg at 50% FiO2. 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.

• 7.2-60-22 lactate 5.2

• CXR: no pneumothorax, hyperinflated +++

Case #3 

Worried?
Dx? 
Immediate 
management?





Asthma –In a hurry – Recognition – PRAM Scoring



Asthma – In a hurry – Management PRAM 0-7





Asthma – In a hurry – Management PRAM 8-12



Asthma – In a hurry – Management PRAM 8-12



Asthma – In a hurry – Management PRAM 8-12





• 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



• 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



• Advanced therapies
• IV steroids

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

• Continuous salbutamol nebs vs IV infusion

• Ketamine

• Inhaled anesthetics

• Heliox

• Aminophylline

Status asthmaticus management





• 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



• 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



Ventilator settings
Setting Volume limited mode Pressure limited mode

Volume or pressure Set tidal volume (VT) of;
6-8 ml/kg for children
4-6 ml/kg for neonates

Start at peak inspiratory pressure of  
18-20 H2O. Titrate to chest movement 
and VT <10ml/kg

Inspiratory time Infants: 0.5-0.6 seconds
Toddlers: 0.6-0.8 seconds
Older children and adolescents: 0.8-1.2 seconds

Respiratory Rate Infants: 30-40/min
Toddlers: 25-35/min
Pre-school aged children: 20-30/min
School aged children: 15-25/min
Adolescents: 10-20/min

Pressure support 6-12 cm H2O

PEEP 5-8 cm H2O

Low respiratory rate 
Maximize eTime
“Optimal PEEP”

Permissive hypercapnia



• 2 year old girl admitted to the ward for Influenza A pneumonia 2 days ago. Was 
initially on LFNC 1-2L/min but over the night escalated to HFNC 2L/kg/min with 
FiO2 up to 80% to  maintain sats of 90%. Progressive increase in work of 
breathing. 

• VS: HR 120, RR 40, Sat 89%, BP 80/35

• Gas : 7.25 – 71 – 31  BE -2 Lactate 2.5

Case #4

Worried?
Dx? 
Immediate 
management?





pARDS - Definition

Oxygenation Index (OI)= MAP/PaO2
Oxygen saturation index (OSI)= MAP/SatO2
Saturation Fraction (SF) = SatO2/FiO2

Age Exclude patients with perinatal lung disease

Timing Within 7 days of known clinical insult

Origin of Edema Not fully explained by cardiac failure or fluid overload

Oxygenation IMV: OI ≥ 4 or OSI ≥ 5
NIV: PaO2/FiO2 ≤ 300 or SpO2/FiO2 ≤ 250

CHD/CLD Acute deterioration not explained by congenital heart disease or chronic lung disease

PALICC-2 2023



Direct
• Pneumonia

• Aspiration

• Near drowning

• Inhalation

• Traumatic

Indirect
• Sepsis

• TRALI

• Multi-trauma

pARDS-causes

Fiori et al, AJRCCM 2005



• Rapidly evolving

• Hypoxia

• Respiratory distress

• Hypocarbia then hypercarbia

CXR : diffuse infiltrates, air 
bronchograms, effusions, atelectasis

Clinical Presentation



• You were appropriately worried about this patient and decided to 
intubate. 

• What are your initial ventilation settings? 

Case # 4 continued



• Lung-protective ventilation
• Vt 6-8* ml/kg

• Moderate PEEP 10-15 titrated to 
oxygenation/HD

• Permissive hypercapnia (pH>7.20)

• Pressure limits

• Peak : ≤ 32

• Plateau: ≤28 or <=32 if reduced chest wall 
compliance

• Driving: ≤ 15

• Adjunct therapies (limited evidence)
• Fluid restriction / diuretics

• Sedation and paralysis

• Prone positioning

• Antibiotics

• iNO (pHTN, RV dysfunction)

• Steroids

• Surfactant

• pRBCs

Management of ARDS

* Adjust Vt down to 4-6 ml/Kg if > PIP or > DP limits
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Questions on anything concerning respiratory failure
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