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Objectives

1. Improve ability to provide 
high quality care for patients 
with hypoxemia 

2. Better understand oxygen 
interfaces & sources

3. Learn techniques to reduce 
unnecessary oxygen use

Photo: Paul Sonenthal/Partners In Health



I n p a t i e n t  M e d i c i n e

Outline

• Case presentation

• Oxygen interfaces

• Oxygen sources

• Matching interfaces & sources 

• Optimizing oxygen use

• Review & conclusions



I n p a t i e n t  M e d i c i n e

Case presentation



I n p a t i e n t  M e d i c i n e

Case presentation
65 year old male with COVID-19 pneumonia 
arrives on the COVID ward with shortness 
of breath and fevers for 5 days

Vitals:
Oxygen saturation: 84% on room air
Respiratory rate:  24
Heart rate: 117
Blood pressure: 137/92

Exam: Bilateral rales and scattered rhonchi

Diagnostics: Chest xray shown on the right
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Confirmed hypoxemia on pulse oximetry
oxygen saturation <94% 
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Mild hypoxemia SpO2 >82%

Administer oxygen with 
nasal cannula and set flow 
rate at 6 liters per minute 
while monitoring SpO2

Moderate hypoxemia SpO2 <82%

Administer oxygen 
with simple face mask 
and set flow at 10 liters
per minute while 
monitoring SpO2

Goal 
SpO2

88%-92%
SpO2 >92% on 6 liters per 

minute nasal cannula?
SpO2 >92% on 10 liters per 
minute simple facemask?

Administer oxygen 
with simple face mask 
and set flow at 10 liters
per minute while 
monitoring SpO2

No

Administer oxygen 
with non-rebreather face 
mask and set flow at 
15 liters per minute 
while monitoring SpO2

No

Proceed to 
TITRATION

Yes Yes

Administer oxygen 
with non-rebreather face 
mask and set flow at 
15 liters per minute 
while monitoring SpO2

SpO2 >92% on 10 liters per 
minute simple facemask?

No

Yes Yes SpO2 >92% on 15 liters per 
minute non-rebreather facemask?

SpO2 >92% on 15 liters per 
minute non-rebreather facemask?

Proceed to 
TITRATION

Proceed to 
TITRATION

No

No

Yes

Administer oxygen  with non-rebreather
face mask at 15 liters per minute 
and 
Nasal cannula at 6 liters per minute
and 
Notify senior clinician
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An oxygen cylinder is transported to 
bedside 

He is given oxygen via nasal cannula at 
6L/min

Oxygen saturation 1 minute later is 96% 

The clinician continues to round on other 
patients…

After arrival to COVID unit 
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…Two hours later

The patient is comfortable 
with an oxygen saturation of 
100%, but now on a reservoir 
facemask

Earlier, the patient became 
tachypneic and someone 
adjusted the oxygen
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What flow of oxygen is the patient receiving? 
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“Flush” setting on flowmeters

Flush settings vary from 
40L/min to 75L/min or 
more
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Case lessons 
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Oxygen weaning trials should be 
performed regularly on all stable patients with SpO2 >94%

Resevoir facemask
Reduce oxygen to 6 L/min while continuously 
monitoring SpO2 for at least 5 minutes (make sure 
the resevoir remains inflated) 

-If SpO2 drops below 92 %, increase oxygen to the lowest flow 
neccessary to maintain SpO2 > 92% 
-If SpO2 remains above 92% change the patient to a simple 
facemask at  10 L/min

Reduce oxygen to 6 L/min while continuously 
monitoring SpO2 for at least 5 minutes  

-If SpO2 drops below 92 %, increase oxygen to the lowest flow 
neccessary to maintain SpO2 > 92%
-If SpO2 remains above 92%, change the patient to a nasal 
cannula at 6 L/min. 

 

Simple facemask

Nasal cannula
Oxygen flow 1 to 3 L/min 
Turn off oxygen while continuosly monitoring SpO2 for at least 
5 minutes. If SpO2 drops below 92%, increase oxygen to the 
lowest flow necesasry to maintain SpO2 > 92% 

Oxygen flow 4 to 6 L/min
Reduce oxygen to 3 L/min  while continuosly monitoring 
SpO2 for at least 5 minutes. If SpO2 drops below 92%, increase 
oxygen to the lowest flow necesasry to maintain SpO2 > 92% 

Use of pulse oximeters

Importance of regular titration 
of oxygen

Avoid leaving patients on 
“flush” if they do not need it
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Estimated daily savings from respiratory interventions 

Intervention Reduced demand 
Full cylinders 

saved^ 
Cost savings* 

(USD) 
Titrating flowmeter on flush (75 
L/min) down to 15L/min  60 L/min 14 $322 to $1568 

Splitting a concentrator for two 
patients on 5L/min 5 L/min 1 $23 to $112 

Using two concentrators for a 
patient on reservoir mask  15 L/min 3 $69 to $336 

^Assumes J-type cylinder with safe residual pressure of 200psi and 6,120L of effective oxygen 
*Cylinder price estimates form: https://www.thebureauinvestigates.com/stories/2020-08-09/lack-of-oxygen-leaves-covid-19-patients-
in-africa-gasping-for-air 

 

Objective 3
Learn techniques to reduce unnecessary oxygen use
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Oxygen interfaces
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Oxygen interfaces

Room air

Nasal cannula

Simple facemask

Reservoir facemask (non-rebreather)
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Understanding oxygen interfaces

1. Oxygen flow delivered through interface

2. Room air entrained

3. Oxygen content of gas entering the lungs



I n p a t i e n t  M e d i c i n e

Room air

21% O2

21% 
O2
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Nasal cannula

21
% O 2

93% O2 at 6L/min

48% 
O2
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Simple facemask

21% O2

93% O 2 at
 10L/m

in

AVOID TAPING 
OVER THE MASK 
HOLES

~60% 
O2
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Non-rebreather
facemask

93% O 2 at 15L/min

SpO2 
93%

93
%

 O
2

21% O2 ~80% 
O2
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What is wrong with 
this picture? 
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THE RESEVOIR 
MUST BE 
INFLATED!!

What is wrong with 
this picture? 
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Oxygen sources
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Oxygen sources
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Generating oxygen

93% O2 99.5% O2

Oxygen from PSA plants and concentrators is safe and effective
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Generating oxygen
Oxygen from PSA plants and concentrators is safe and effective
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Bedside oxygen sources
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Low pressure sources
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Concentrators
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Cleaning the filter
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Cleaning the filter
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Maximum flow
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Splitting concentrators
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How much oxygen can each patient use? 
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Estimated daily savings from respiratory interventions 

Intervention Reduced demand 
Full cylinders 

saved^ 
Cost savings* 

(USD) 
Titrating flowmeter on flush (75 
L/min) down to 15L/min  60 L/min 14 $322 to $1568 

Splitting a concentrator for two 
patients on 5L/min 5 L/min 1 $23 to $112 

Using two concentrators for a 
patient on reservoir mask  15 L/min 3 $69 to $336 

^Assumes J-type cylinder with safe residual pressure of 200psi and 6,120L of effective oxygen 
*Cylinder price estimates form: https://www.thebureauinvestigates.com/stories/2020-08-09/lack-of-oxygen-leaves-covid-19-patients-
in-africa-gasping-for-air 
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Combining concentrators
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Estimated daily savings from respiratory interventions 

Intervention Reduced demand 
Full cylinders 

saved^ 
Cost savings* 

(USD) 
Titrating flowmeter on flush (75 
L/min) down to 15L/min  60 L/min 14 $322 to $1568 

Splitting a concentrator for two 
patients on 5L/min 5 L/min 1 $23 to $112 

Using two concentrators for a 
patient on reservoir mask  15 L/min 3 $69 to $336 

^Assumes J-type cylinder with safe residual pressure of 200psi and 6,120L of effective oxygen 
*Cylinder price estimates form: https://www.thebureauinvestigates.com/stories/2020-08-09/lack-of-oxygen-leaves-covid-19-patients-
in-africa-gasping-for-air 

 

Objective 3
Learn techniques to reduce unnecessary oxygen use



I n p a t i e n t  M e d i c i n e

High pressure sources
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Which setups are delivering high pressure oxygen?
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Which setups are delivering high pressure oxygen?
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Matching interfaces & sources
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Matching source and interface
Consider pressure and flow
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Low pressure interfaces

Nasal cannula

Simple facemask

Reservoir facemask (non-rebreather)
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Low pressure & low flow 

*

*concentrator capacity must 
be more than 5L/min
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Low pressure & very low flow
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Low pressure & medium flow
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Low pressure & medium/high flow 
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Advanced interfaces
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Optimizing oxygen supply
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15L/min
2L/min 2L/min

5L/min10L/min
3L/min

Ward scenario
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15L/min
2L/min 2L/min

5L/min10L/min
3L/min

Ward scenario
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Review & conclusions
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Review of objectives

1. Improve ability to provide 
high quality care for patients 
with  hypoxemia 

2. Better understand oxygen 
interfaces & sources

3. Learn techniques to reduce 
unnecessary oxygen use
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Objective 1
Improve ability to provide high quality care for patients with  hypoxemia 

• Avoid giving patients too much oxygen

• Avoid taping over the holes on simple facemasks

• Ensure non-rebreather mask reservoirs are inflated

• Regularly reassess patients on oxygen and titrate using 

pulse oximetry
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Objective 2
Better understand oxygen interfaces & sources

• Spare concentrator filters are an important commodity

• Avoid increasing concentrator flow above the maximum level  

• Consider flow and pressure when matching oxygen source and 

interface

• Y connectors can be helpful

• Oxygen from PSA plants and concentrators is safe and effective
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Estimated daily savings from respiratory interventions 

Intervention Reduced demand 
Full cylinders 

saved^ 
Cost savings* 

(USD) 
Titrating flowmeter on flush (75 
L/min) down to 15L/min  60 L/min 14 $322 to $1568 

Splitting a concentrator for two 
patients on 5L/min 5 L/min 1 $23 to $112 

Using two concentrators for a 
patient on reservoir mask  15 L/min 3 $69 to $336 

^Assumes J-type cylinder with safe residual pressure of 200psi and 6,120L of effective oxygen 
*Cylinder price estimates form: https://www.thebureauinvestigates.com/stories/2020-08-09/lack-of-oxygen-leaves-covid-19-patients-
in-africa-gasping-for-air 
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To build a strong oxygen ecosystem we need trained 
maintenance technicians and clinical safety protocols to 
guarantee continuity and safe use. 

We need clinical protocols implemented by trained 
healthcare workers with access to adequate supplies.

We need production plants, cylinders, piping, and portable 
concentrators to ensure a sufficient oxygen supply. 

This is how we ensure the success of short-term efforts 
while building long-term health system capacity

Oxygen isn’t a commodity, its an ecosystem
Systems: 

Clinical systems, supply 
chains, government 

partnerships

Improved 
Patient 

Outcomes

Equipment & 
supplies: The right 
things, in the right 

quantity, at the 
right time, 

Oxygen: Safe, 
reliable, 

sufficient, 
resilient supply

Workforce: Trained 
healthcare workers 

and oxygen 
technicians

How can we implement oxygen best practices? 
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• Systems

• Stuff 

• Staff

• Space

• Social support

How can we implement oxygen best practices? 
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• Systems

• Stuff 

• Staff

• Space

• Social support

Today's Date
        /        /
Admit Date
        /        /

Time  : : : : : : : : : : : : :

O2 Delivery Device #1

O2 L/min (or FiO2) #1

O2 Source #1

Humidification Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N

O2 Delivery Device #2

O2 L/min (or FiO2) #2

O2 Source #2

Humidification Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N

SpO2  

Respiratory rate

Accessory muscle use Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N Y   /   N

Patient Position  
(Prone/Supine/Left/Right)

Switch to concentrator? Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA Y   /   N  /  NA

WL: Wall

O2 Sources

CYL: Cylinder CON: Concentrator

NRB: nonrebreather

SM: Simple facemask

NIV: BIPAP/CPAP

NC: Nasal Cannula

O2 Delivery Devices

Respiratory Flowsheet 
Surname/Family Name Name

Patient MRN / Registration Number Age Sex Ward Bed #

How can we implement oxygen best practices? 
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• Systems

• Stuff 

• Staff

• Space

• Social support

How can we implement oxygen best practices? 
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How can we implement these practices? 

• Systems

• Stuff 

• Staff

• Space

• Social support
Photo: Paul Sonenthal/Partners In Health
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• Systems

• Stuff 

• Staff

• Space

• Social support

How can we implement oxygen best practices? 
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• Systems

• Stuff 

• Staff

• Space

• Social support

How can we implement oxygen best practices? 

https://www.thebureauinvestigates.com/stories/2020-08-09/lack-
of-oxygen-leaves-covid-19-patients-in-africa-gasping-for-air
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Clinical resources

covidprotocols.org

opencriticalcare.org

postgraduateeducation.hms.harvard.edu/covid-19-clinical-education-series
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Thank you

Paul D. Sonenthal, MD
Associate Director for Inpatient Medicine and Critical Care
psonenthal@pih.org


