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Introduction



Definition of terms used in oxygen 

therapy

Hypoxaemia
Low levels of oxygen in the blood- (low oxygen saturation or 

content)

Hypoxia
Inadequate oxygen in tissues for normal cell and organ function

Results from hypoxaemia

SAO2
Arterial oxygen saturation when measured by gas analysis

Hypoxaemia is SAO2 <60 mmHg

WHO 2016: Oxygen therapy for children: a manual for health workers Seifi et al: Accuracy of pulse oximetry in detection of oxygen saturation in 

patients admitted to the intensive care unit of heart surgeryBMC Nurs. 2018;17:15. 

SPO2
Arterial oxygen saturation when measured by a pulse oximeter

Hypoxaemia is SPO2 <90%

SPO2 of 70-100% corresponds to SAO2 by a margin of 2%

SAO2 of 60-80mmHg corresponds to SPO2 of 90% and 95%

Comparison of 

SPO2 & SAO2

Introduction 



Conditions associated with 
hypoxaemia
• Neonates

• Respiratory Distress 
Syndrome

• Neonatal pneumonia 

• Transient tachypnoea 
of newborn

• Children

• Pneumonia

• Interstitial lung 
disease

• Severe asthma

• Pulmonary edema 

• Neonates

• Severe Birth asphyxia

• Sepsis 

• Congenital heart 

defects

• Children

• Shock  

• Meningitis

• Perioperative 

emergencies

• Trauma

• Carbon monoxide 

poisoning

WHO Oxygen therapy for children 2016

Introduction 

Patients with emergency signs



Mechanism and diagnosis

of Hypoxaemia



Normal mechanisms of 

respiration 

Gaseous exchange unit: saintlukeskc.org/health-library

The alveoli are open and surrounded by 

capillaries that bring in good blood supply

The gap between the alveoli and capillaries is 

thin

Air enters through the nose where it is warmed 

and humidified. It then travels through the 

trachea into the lungs and end up in the alveoli.

In normal alveoli, some air is left at the end 

of respiration. This is called Functional 

Residual Capacity (FRC). It helps in making 

the work of breathing easier and preventing 

alveoli collapse

Mechanisms of respiration 



Mechanisms of hypoxaemia

Areas of the lungs either:

1. Receive O2 but no blood flow e.g. 

pulmonary embolism

2. Receive blood flow but no O2 e.g asthma, 

mucus plugs in pneumonia, bronchiolitis

Thickened alveolar capillary 

membrane reduces gaseous 

exchange. Can be due to 

pneumonia, ARDS

Diffusion Deficit
2

Ventilation/Perfusion Mistmatch
1

Sarkar et al ;Mechanisms of hypoxemia; Lung India. 2017 Jan-Feb; 34(1): 47–60.doi: 10.4103/0970-2113.197116

Carries blood with low 

oxygen levels

oxygen

2
1

Mechanisms of Hypoxaemia 



Mechanisms of hypoxaemia

Alveoli Collapse/ Atelectasis3

Gaseous exchange unit: saintlukeskc.org/health-library

Can occour in asthma, pneumonia or bronchiolitis where 

mucus plugs block the small airways

Mechanisms of Hypoxaemia 



How to detect hypoxaemia

Computerized unit and a sensor probe, which is attached to the patient

Displays the SpO2 with an audible signal for each pulse beat and the 

pulse rate

Hypoxaemia is SPO2<90%

Measures the partial pressure of oxygen (PaO2)and carbon dioxide in 

blood

Also measures blood pH and the concentrations of the main 

electrolytes

Hypoxaemia is PaO2< 60mmHg

It is important for health workers to be able to identify clinical signs of 

hypoxaemia

Combination of clinical signs increases the chances of detecting

hypoxaemia

Clinical Signs

Pulse Oximetry

Blood Gas Analysis

WHO 2016: Oxygen therapy for children: a manual for health workers

Detection of Hypoxaemia 



How reliable are clinical signs of hypoxaemia

Rojas‐Reyes et al: Oxygen therapy for lower respiratory tract infections in children between 3 months and 15 years of age. Cochrane 

Database of Systematic Reviews 2014, Issue 12. Art. No.: CD005975. DOI: 10.1002/14651858.CD005975.pub3.

Respiratory rate> 
7O/min

• Sensitivity: <60%

• Specificity: 70%

• Errors in counting 

respiratory rates are likely to 

increase as the rates 

increase

Head nodding 

•Sensitivity: 30%

•Specificity: 85%

•Head nods downwards 

towards the chest each time 

the child breathes in 

Severe lower chest wall indrawing

•Sensitivity: 75%

•Specificity: 35%

•Shows increased work of breathing

•Require to be used with pulse oximetry to 

assess need to give oxygen

Nasal flaring 

•Specificity: 50%

•Sensitivity: 98%

•Important sign of especially in infants

•indicate the immediate need for oxygen

Clinical signs of Hypoxaemia 



Rojas‐Reyes et al: Oxygen therapy for lower respiratory tract infections in children between 3 months and 15 years of age. Cochrane 

Database of Systematic Reviews 2014, Issue 12. Art. No.: CD005975. DOI: 10.1002/14651858.CD005975.pub3.

Inability to drink

• Sensitivity:40%

• Specificity:50%

• Less than half of 

children with this sign

have hypoxaemia

Altered 
consciousness

• Sensitivity: 40%

• Specificity: 80%

• May compromise airway

protection and lead to aspiration

• All children with altered 

consciousness should be 

examined for other clinical signs 

of hypoxaemia

Central cyanosis

•Sensitivity:<50%

•Specificity: 95%

•Virtually all children with central 

cyanosis have hypoxaemia

•In children with Hb < 5g/dl 

cyanosis is not obvious

Grunting 

•Sensitivity: 60%: Specificity: 70%

•Expiratory sound caused by closure 

of the glottis during expiration to 

prevent alveolar collapse

How reliable are clinical signs of hypoxaemia

Clinical signs of Hypoxaemia 



Role of pulse oximetry



Pulse oximetry in detection 

of hypoxaemia
• Most accurate noninvasive method for detecting

hypoxaemia

• Measures the percentage of oxygenated haemoglobin in

arterial blood (SpO2)

• Performed on all patients requiring admission and in the 

outpatient department for children with fast RR and LCWI.

• Reliable monitor for hypoxaemia- 5th Vital sign

1. Detects 20–30% more children with hypoxaemia than 

clinical signs alone

2. Non –invasive and painless unlike blood gas analysis

3. Easy to use

4. Inexpensive and widely available

Advantages

Clinical use 

What it 
measures

All health facilities should have a pulse oximeter!

WHO 2016: Oxygen therapy for children: a manual for health workers

Pulse oximetry



Why pulse oximetry?

If SaO2 is 70-100%; the amount of SPO2 has high accuracy and is 

2% different from Sao2 amount obtained from ABG analysis.1. SPO2

is  an in-direct estimation of arterial oxygen saturation (SaO2).

1960s clinical observation of 
skin color, as well as the 

breathing frequency, regularity, 
and work of breathing.

1970s micro sampling of blood 
gases, transcutaneous oxygen 

monitoring, and later pulse 
oximetry) 

In our resource limited setting, SPO2 is reliable as it’s  convenient , highly 

accurate, non invasive and cost effective as compared to the ABGs.

Seifi S, Khatony A, Moradi G, Abdi A, Najafi F. Accuracy of pulse oximetry in detection of oxygen saturation in patients admitted to the intensive care unit 

of heart surgery: comparison of finger, toe, forehead and earlobe probes. BMC Nurs. 2018;17:15. Published 2018 Apr 17. doi:10.1186/s12912-018-0283-1

Pulse oximetry



Limitations of pulse oximetry?

Inaccurate readings associated with

• Pigmented patients 

• Sickle cell disease

• Nail polish

In CO poisoning it may show high oxygen 

saturation when this is not the case.

Inaccurate readings in low perfusion states : 

• Low cardiac output-shock

• Vasoconstriction

• Hypothermia 

Jubran A. Pulse oximetry. Crit Care. 2015;19(1):272. Published 2015 Jul 16. doi:10.1186/s13054-015-0984-8

Pulse oximetry



Management of 

hypoxaemia



Approach to managing  

Hypoxaemia 

Definitive treatment

• Supplemental O2 does not treat the underlying infection.

• Diagnose and treat the underlying condition as a matter of urgency.

Monitor clinical status

• Monitor worsening of clinical status- i.e Work of breathing

• Monitoring oxygen therapy –pulse oximeter 

When hypoxemia or significant hypoventilation persist despite interventions 

already described-mechanical ventilation is indicated.

Management of hypoxaemia



Oxygen therapy

Indications

• SPO2 <90% measured using pulse oximeter

• Physical signs that may indicate need for oxygen include-

cyanosis, confusion, In infants -tachycardia, retractions , nasal 

flaring  and expiratory grunting.

• Provide O2 at accurate and safe levels with the lowest possible 

FIO2.

• Achieve target adequate oxygenation SPO2 90-96%

Walsh BK, Smallwood CD. Pediatric Oxygen Therapy: A Review and Update. Respir Care. 2017;62(6):645‐661. doi:10.4187/respcare.05245

Goals

Management of hypoxaemia



Oxygen delivery 

methods



Oxygen delivery methods used in hypoxaemia

Nasal Prongs

WHO 2016: Oxygen therapy for children: a manual for health workers

Standard Flow rate
Neonates: 0.5–1 L/min

Infants: 1–2 L/min
Older children:1–4 L/min

High Flow rate
Preterm Neonates: 1 L/min

Term neonates: 2 L/min 
Infants: 4L/min

Older children: 8 L/min

Flow

Rate

Preferred method of delivering oxygen to infants and children < 5 years of age
If nasal prongs are not available, nasal or nasopharyngeal catheters can be alternatives

Face masks 

and head 

boxes are not 

recommended

Standard flow rate delivers 35% O2 to the patient
High flow rate delivers 50% O2

Oxygen delivery



Oxygen delivery methods used in hypoxaemia

Complications of Nasal Prongs

WHO 2016: Oxygen therapy for children: a manual for health workers

Drying of nasal

pasages

Put 2 drops of normal saline during insertion

Humidify if using high flow rate

Gastric Distension Put NG tube in same nostril. 

NG tube should be open except for 30 minutes 

after feeds

Bleeding Put 2 drops of normal saline during insertion to 

prevent trauma

Complication Management  

Oxygen delivery



Non – rebreather masks

Oxygen delivery methods used in hypoxaemia

Flow rate of 
10-15 L/min

Has a face mask and 
a reservoir bag

A one way valve 
prevents inhalation 

of exhaled air

Deliver oxygen at a 

concentration of 85-

100%

The flow rate should be 

above 10L and the bag 

should not deflate so as 

not to dilute the O2

concentration

Oxygen delivery

WHO 2016: Oxygen therapy for children: a manual for health workers



Increasing oxygen flow rates increases the number of oxygen 
molecules available to the alveoli to correct hypoxaemia
As you give oxygen, titrate the flow rate by 0.5 l/min while 
monitoring the SPO2

Flow rates above 2l/min are high flow rates
At low flow rates, the nose humidfies the oxygen. Humidifiers
should be used for high flow rates
Higher flow rates are achieved by nasal pharyngeal catheters, 
CPAP machines and mechanical ventilators.

For high flow rates through nasal or naspharyngeal cannulas, insert 
an NG tube in the same nostril as the cannula to prevent stomach 
distension
Inserting the NG tube in the same side as the cannula will block the 
nasal passages and make the child breathe through the mouth

Flow rate

Effect of oxygen flow rates in 

hypoxaemia

Oxygen delivery



Flow 

rate

Effect of oxygen flow rates in 

hypoxaemia
• Increasing the flow rate increases the oxygen pressure
• In alveoli collapse higher pressures are needed to 

open the alveoli and correct hypoxemia.
• It is also desired to have higher pressure in the alveoli 

that is above the atmospheric pressure at the end of 
expiration to keeps the alveoli open. 

• This high pressure is called positive end expiratory 
pressure (PEEP)

Nasal prongs have unreliable PEEP. 
Nasal pharyngeal catheters have a reliable PEEP of 
5mmH2O. 
CPAP machines and mechanical ventilators attain 
higher and reliably controlled PEEP.

Oxygen delivery



Management of Hypoxaemia not responding 

to increasing oxygen concentration

As oxygen is administered monitoring of 
oxygen saturations should be done using the 
pulse oximeter and the clinical signs and 
symptoms

If respiratory distress persists even after 
administration of oxygen, it might mean 
that some of the alveoli are collapsed

Mechanical ventilation or CPAP may 
be needed to give pressure to open up 
the collapsed alveoli

Management of hypoxaemia



Summary of Management of  Hypoxaemia 

If there’s is good O2 saturation but still increased work of breathing, 
other methods of delivering oxygen should be considered e.g. CPAP

Chest physiotherapy is used to treat atelectasis (no role in pneumonia)

Oxygen is a drug. Should be prescribed and continuously used 
until when the body is able to balance supply and demand   

Any child
SPO2

< 90%

In Severe anemia,

emergency signs,

Heart failure,

Septic shock or 

Acute neurological 

illness

SPO2 

≤ 94%

Monitor with pulse 
oximeter and give O2 if:

Management of hypoxaemia



Progress of COVID-19



How fast the severity of the new coronavirus 
infection progresses 

C. Huang et al Lancet 2020

Incubation period 
Median 5 days 

80%
Mild & moderate 15%

severe
Critical 

5%

Well no 
symptoms 
after 
contact 
with 
corona 
virus 

Progress of COVID-19

• C. Huang et al Lancet 2020



Oxygen 

administration



WHO oxygen therapy for children 2016 : https://www.who.int/maternal_child_adolescent/documents/child-oxygen-therapy/en/

Oxygen 

Cylinders

PS:

• Have 2 at all times

• Secure on a trolley

• Keep away from 

flames

a) b)

Central Piped 

Oxygen

PS:

• Differentiate piped 

oxygen and medical air

• Clean the attachment 

valves daily

c) d)

Oxygen 

Concentrators

e) f)

Oxygen Sources
Oxygen administration 



Humidification 
Bottle

12

3 4 5 66

77

88

9

Parts the concentrator (Front)

12

Oxygen administration 



Parts the concentrator (Back)

PS:

• Clean gross particle filter 

every week with soap 

and water

• Change Bacterial filter 

with color changes

• Clean whole machine 

with 70% 

alcohol/chlorine base 

solution

• Analyze oxygen 

concentration every 3 

months or if it breaks 

down

Oxygen therapy 



Oxygen administration 

How the concentrator works



Preparing the concentrator for use
1. Follow hand hygiene protocol. 

2. Place the concentrator at least 30cm from the wall

3. Oxygen concentrators should be located near oxygen splitters

4. Plug concentrator into a power source and turn on. 

5. Allow to run for 5 minutes OR until the indicator light shows appropriate 

concentrations of oxygen are reached.

Oxygen administration 



Preparing the concentrator for use

6. Connect humidifier if needed

7. Connect correctly sized oxygen nasal prongs/catheter to oxygen port 

8. Open the oxygen flowmeter to the volume needed. 

9. Read the flow rate at the top, middle or bottom of the ball in the 

flowmeter in use

10. Place fingers near the openings of nasal prongs/catheter to ensure 

that oxygen is flowing or bubble through water 

a) b) c)

Oxygen administration 



WHO oxygen therapy for children 2016 : https://www.who.int/maternal_child_adolescent/documents/child-oxygen-therapy/en/

PS:
• Used to deliver independently controlled oxygen to multiple patients

• When you alter one valve flow, check that you adjusted the right valve for the intended 

child and ensure other valves remain as set.

• Read the flowmeter at eye level either above, middle or bottom of the ball based on 

manufacturer’s recommendations

Oxygen Sources – Flow Splitter
a)

b)

c)

Oxygen administration 



Oxygen Delivery Methods

Kenyan Pediatric protocol 2016; WHO oxygen therapy for children 2016 : https://www.who.int/maternal_child_adolescent/documents/child-oxygen-therapy/en/

Nasal 

Prongs

Proper Use

• Ensure airway is clear – suction if necessary, position (wear N95 mask)

• Instill 2 drops of normal saline into nostrils before inserting the prongs

• Place prongs 2mm from nasal septum

• Secure on both cheeks with transpore adhesive, run the tubing to the back

• Adjust flow rate;

Flow Rate Age Group Volume FIO2

Standard Neonates 0.5L/min 30 - 35%

Infant/Child 1L/min 30 -35%

High Neonates 2L/min 45 - 55%

Infant/Child 4 - 8L/min 45 - 55%

Oxygen administration 



Oxygen Delivery Methods

Kenyan Pediatric protocol 2016; WHO oxygen therapy for children 2016 : https://www.who.int/maternal_child_adolescent/documents/child-oxygen-therapy/en/

Nasal 

Catheter

Proper Use

• Ensure airway is clear – suction if necessary, position (wear N95 mask)

• Correct placement sizing – side of the nose to the inner margin of the eyebrow

• Insert appropriately sized nasal gastric (NG) tube if giving high flow rates; 

1. Confirm gastric placement using a blue litmus paper

2. Insert in same nostril as oxygen catheter

• Adjust flow rate as for nasal prongs 

Oxygen administration 



Inserting a nasogastric tube (NGT)
Sizing the NGT 

• Measure the distance from the nose to the ear lobe, then to the xiphisternum 

(epigastrium). 

• Mark the tube at this point

Inserting 
• Lubricate the tip of the catheter with water

• Insert until the  measured distance is reached

• Fix the tube with tape at the nose

Confirming position
• Check that aspirate turns blue litmus paper pink. 

• If no aspirate is obtained, inject air down the tube and listen over the abdomen 

with a stethoscope

Oxygen administration 



Oxygen Delivery Methods

Kenyan Pediatric protocol 2016; WHO oxygen therapy for children 2016 : https://www.who.int/maternal_child_adolescent/documents/child-oxygen-therapy/en/

Oxygen Face Mask 

with a reservoir

(Non Rebreather 

Mask)

Proper Use

• Mostly used post resuscitation

• Ensure airway is clear – suction if necessary, position (wear N95 mask)

• Ensure the reservoir is filled with oxygen before placing mask on the child

• Ensure correct size of mask : covers nose and mouth (Not the eyes or below the chin)

• Adjust flow rate to 10 - 15L/min for all age groups to deliver FIO2 80-90% 

Oxygen administration 



Humidification

• Reduce dryness of O2 from a source by bubbling it through water.

Indications
• High flow rates above 4L/min 

with nasal catheters/nasal 

prongs

• Use of Non Rebreather 

Mask (10 – 15L/min)

• O2 delivery at standard flow rate through a nasal catheter or nasal prongs 

does not require humidification

• Use clear distilled 

water ONLY 

• Change the water 

daily-Reduces 

risk of bacterial 

contamination

WHO oxygen therapy for children 2016 : https://www.who.int/maternal_child_adolescent/documents/child-oxygen-therapy/en/

Oxygen administration 



Using the Pulse Oximeter
1. Attach probe to pulse oximeter

2. Press the power button to turn on the pulse 

oximeter

3. Ensure the probe has a red light and the 

settings are appropriate

4. Choose a well perfused site to attach probe

5. Attach the probe making sure the light source 

and sensor line up

6. Allow a normal trace to establish

7. Read the oxygen saturation

a)

b)

c) d)

e)

Oxygen administration 



Titrating & Stopping Oxygen
• When Oxygen is started, titrate every 15-30mins by 0.5L/min until SpO2 is 

90-96

• Change the oxygen delivery methods (nasal prongs, catheter or NRM) and 

flow rates based on need

• Stop titrating and begin close monitoring if clinically stable (no emergency 

signs, SpO2 > 90% and no increase WoB) 

• Wean off oxygen every 15 –30 min and carefully examine for changes in 

WoB and SpO2 to assess whether supplemental oxygen is still required. 

• Once oxygen is stopped, recheck SpO2 after 1h, as late desaturation can 

sometimes occur

• Discharge only if child has been stable with SpO2 ≥ 90% and no increased 

WoB on room air for at least 24hrs

WHO oxygen therapy for children 2016 : Sources and delivery of oxygen; page 32-33

Oxygen administration 



Monitoring

Oxygen administration 



Guidelines
Oxygen therapy 



Complications of 

hyperoxia and hypoxia



Complications of oxygen therapy
a) O2 toxicity/hyperoxia (overdose  >96%)

Makes them constrict 

which reduces blood 

supply to the organs

• Can cause chest pain 

and irritation of the 

airway. 

• In the term long term 

can cause lung 

stiffness (fibrosis)

Respiratory systemCNSPeripheral vessels

Helmerhorst, H.J.F., Schultz, M.J., van der Voort, P.H.J. et al. Bench-to-bedside review: the effects of hyperoxia during critical 

illness. Crit Care 19, 284 (2015). https://doi.org/10.1186/s13054-015-0996-4

Produces toxic 

substances that 

destroys nerves making 

a patient present with 

symptoms e.g. 

convulsions

Complications of hyperoxia



Respiratory system

• Makes the vessels in the 

lungs constrict and if they 

constrict for long this can 

cause high pressure in the 

lungs (pulmonary 

hypertension)

• Makes all cells in the body function 

abnormally leading to organ failure 

and death

All body organs

Michiels C. (2004). Physiological and pathological responses to hypoxia. The American journal of pathology, 164(6), 

1875–1882. https://doi.org/10.1016/S0002-9440(10)63747-9

Complications of oxygen therapy
b) Hypoxia (underdose  <90%)

Complications of hyperoxia



Complications of oxygen therapy

b) Hypoxia (underdose- <90%)

Mwaniki MK, Nokes DJ, Ignas J, et al. Emergency triage assessment for hypoxaemia in neonates and young children in a 

Kenyan hospital: an observational study. Bull World Health Organ. 2009;87(4):263‐270. doi:10.2471/blt.07.049148

Study done by Mwaniki 

et al looking at 

hypoxemia in neonates 

and young children in a 

Kenyan hospital found 

that hypoxemia was 

found in 6.4% of the 

admissions.

Hypoxemia was strongly associated with inpatient mortality!

Authors 

recommended that 

the pulse oximeter be 

used to detect 

hypoxemia and 

guide oxygen 

therapy.

Complications of hypoxia



Summary

Use of clinical signs should be 

augmented by use of objective 

measures e.g by use of pulse oximeters

Oxygen is a medicine, therefore it 

should be measured, given at the right 

dose and only when indicated.

Correctly identify and administer oxygen 

to patients who need oxygen


