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Guidelines

Objective

To quantify oxygen demand, to identify oxygen sources that are available, and select appropriate surge
sources to best respond to COVID-19 patients’ needs. These guidelines are intended for health facility
administrators, clinical decision-makers, procurement officers, planning officers, biomedical engineers,
infrastructure engineers and policy-makers.

Rationale

COVID-19 is a public health crisis without parallel in recent history. But it is also an opportunity to turn
the spotlight on medical oxygen as one of the defining health equity issues of our age. Oxygen therapy
is recommended for all severe and critical COVID-19 patients, with low doses to moderate flow rates or
higher flow rates.

Instructions

About 15 % of people with Covid-19 have moderate/severe illness requiring oxygen therapy, and 5%
will be critically ill requiring intensive care unit treatment. For these reasons, COVID-19 treatment
health-care facilities should be equipped with pulse oximeters, functioning oxygen systems including
single-use oxygen delivery interfaces.

e Oxygen therapy is recommended for all severe and critical COVID-19 patients, with low doses ranging
from 1-2 L/min in children and starting at 5 L/min in adults with nasal cannula, moderate flow rates for
use with venturi mask (6-10 L/min); or higher flow rates (10-15 L/min) using a mask with reservoir bag
attached as Annexure A.

Oxygen can be delivered at higher flow rates and in higher concentrations using non-invasive ventilation (NIV)
and invasive ventilation devices. The high-flow nasal cannula (HFNC) device can be used to deliever
oxygen at higher flow rates and in higher concentrations but is not used as a first line of oxygen therapy
as this is not a very common device, it will consume more oxygen.

Oxygen sources

Medical oxygen contains at least 82% pure oxygen. Only high quality, medical-grade oxygen should be given to
patients. Oxygen systems must consist of an oxygen source, or production combined with storage. Common
oxygen sources are: oxygen generating plants and liquid oxygen in bulk storage tanks, and oxygen concentrators.
The most common source of oxygen storage used in health-care settings is a cylinder.

The appropriate choice of oxygen source depends on many factors, including: the amount of oxygen needed at the
treatment centre; the available infrastructure, cost, capacity and supply chain for local production of medicinal
gases; the reliability of electrical supply; and access to maintenance services and spare parts, etc.
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Liquid oxygen plants: The liquid oxygen tank supplies a centrally piped system throughout the health facility by
self-vaporization and for which a power supply is not required. The use of liquid oxygen relies on external supply
chain mechanisms and needs a bit more caution with respect to transport and storage due to the risks associated
with higher pressures. Extra care should be taken in more extreme environments. It is best practice to also have
cylinders as a backup supply.

PSA oxygen plant: A pressure swing adsorption (PSA) oxygen plant serves as a large, central source of oxygen
generation using PSA technology (similar to concentrators) that can be located on-site at medical facilities. Oxygen
from a PSA plant can either be piped directly to bedside terminal units within patient areas or, with a booster
compressor, be used to refill cylinders for oxygen distribution (either on-site or to neighbouring health facilities)
or for backup oxygen supply. Oxygen plants require a reliable source of power. It is best practice to also have
cylinders as a backup supply.

Oxygen concentrators: An oxygen concentrator is a self-contained, electrically powered medical device designed
to concentrate oxygen from ambient air. An oxygen concentrator uses PSA technology to draw in air from the
environment, removing the nitrogen to produce a continuous source of more than 90% concentrated oxygen. It
should not be used if the oxygen concentration falls below 82%.

Oxygen storage and intra-hospital distribution

Oxygen cylinders: Oxygen gas can be compressed and stored in cylinders and can be piped to specific areas of
the health facility, even at the ward level. When cylinders are the only source of oxygen in a health facility, a
strong supply-chain is required to ensure ongoing availability. Once filled, cylinders themselves do not require
electricity, but they do require several accessories and fittings to deliver oxygen, such as pressure gauges,
regulators, flowmeters, and in some cases, humidifiers. Cylinders also require periodic maintenance, commonly
provided by gas suppliers at the point of refilling. Storage or transportation of medical oxygen in cylinders must
be done carefully and by trained personnel as the contents are under extreme pressure.

Pipeline intra-hospital distribution networks are helpful to supply oxygen at high pressure to equipment such as
anaesthetic machines and ventilators. A key advantage of pipeline systems is that they obviate the need for
handling and transporting heavy cylinders between hospital wards. However, the high cost and complexity of
installing centralized oxygen sources with copper pipelines and the associated specialized maintenance required
for this, makes pipeline systems less accessible for turn-key installations.

Oxygen needs Estimation

About 75% of the COVID-19 patients requiring hospitalization will be classified as “moderate or severe”, and
25% as “critical”. Thus, the total supply of medical oxygen required can be estimated based on the recommended
flow rates for each patient severity category (Annex B).

Please refer to “Annexure A” for Oxygen flow categories, “Annexure B” for Sample oxygen flow
planning per 100 bed facility and “Annexure C” for comparison of oxygen sources and storage.

Note: The above recommendations are being regularly reviewed by the Ministry of National Health Services, Regulations &
Coordination and will be updated based on the international & national recommendations and best practices.

The Ministry acknowledges the contribution of Ms Javeria Yousaf, Mr Qadri and HSA/ HPSIU/ NIH team to compile these
guidelines.
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Annex ‘A’

Proposed Bed Categories/Treatment options

Oxygen beds for low flow oxygen

¢ Low flow Oxygen with Mask (up to 5-6 liters/min)
¢ Additional flow with by adding Bag to mask

High Dependency Unit (HDU)
/Non-invasive high flow oxygen

e High Flow Nasal Canula (HFNC uses more oxygen
and not recommended for first line use)

e CPAP Machine

e BPAP Machine

ICU/Mechanical Ventilation

e Mechanical ventilation with intubation

*Proposed ratio for planning purpose of any COVID-19 facility is 3:3:1

Annex ‘B’

Sample Oxygen Flow Planning per 100 Bed Facility

Hypothetical 100 bed COVID-19 treatment facility

) Avg. Oz flow rate Size of solutions of scale®
Disease
severity per patient] Total PSA Plant Bulk liquid
Severe
75 10Umin |75*10*60 | =45 mihr =1.25 m¥/day
patients =45 000 Lhr
Critical
25 A0 Umin | 25x30x60 | =45 m3hr =1.25 mé/day
patients =45 000 Lhr

=90 mé/hr =25 mi/day
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Annex ‘C°
Comparison of Oxygen Sources and Storage
Cylindara | Concenirators (PSA) | Oygen plant [PSA) | Liguid oxygen
Genesl characienstic
Image r
] ; m
i
Deescripiion A refilabie cylindrical storage A seff-contained, electrically AN omsite oxygen gensraing Bulk liguid oxygen gensrated of-
vessel used bo siore and fransport. | powered medical device designed | sysiem using PSA technalogy, site and stored in @ lange tank and
DEYGEN in compressed gas fom. o concenirale oxygen Fom which supples high-pressure supplied theoughout a health
Cylinders are redlied ata gas amibient air, using P5A iechnoiogy. | coxygen froughout a faciity via a facility pipeline system. Tank
generating plant and hus regquire central pipeline system, of via requires refiling by igquid oxygen
Iransportation o and #om he plant cylinders refiled by the plant supplier.
Clinical application C:an be used for all omygen needs, | Used io deliver axygen at the Can be usad for all ceygen needs, | Can be usad for all amygen needs,
Anfar UsE Case inchuding high-pressure supply and | bedsile or witin Cose proximity o | including high-pressure supply. inciuding high- pressure supply
in facilities where power sUpply is patient areas. A singk and in faciibes where power
intesmitient or unreliable. Alsa concentabor can service several SUpplY s inbermittent or unireliable.
used for ambuiatory senvice or beexds wilh the use of a Sowmeter
patient transpon. Used as a stand i split output Sow.
Backup sor ather systems.
Distribusion Connected fo maniall of Direct o patient with tubing or Canirall sub-cantal pipeline Cantral pipeline distribation
mechanizm cenTalsub-central pipeline theough a Reameler siand. distribution sysiem, or can be used | syskEm.
distributon system, or directly I refill cylinders that can be
connecisd bo patient with connecisd o manifold systems in
Aowmeter and fubing. the facility.
Electricity [ Yoz Yes [
requirement
Maintenance Limited maintenance required oy Moderale mainiznance requined by | Significant mainbenance of system | Significant maintenance of syslem
requirement Irained technicians. trained technicians, who could be and piping required by highly and piping required by highty
innouse. trained techmicians and engineers, | trained techmicians and engineers,
£an be provided as part of can be provided as pant of
conbract coniract
User cane Moderale; requiar checis of fiings | Moderale; cleaning of fiters and Minimal; a1 ferminal unit anty. Minimal; a1 ierminal unit only.
and connections, reqular chedis of | device extenr.
DEYGEN levels Cleaning extesar.
Mesiits —  NOpOwWer SOUrse. —  Comfinuous oXygen supoly —  Can be costefective far —  09%% oxygen oblained.
[IF povwer availanie) a1 low lanye faciities. —  High amygen outpat for
runining cost - Confreous oxygen small space requirement.
—  Dutpul ficw can be spit Supply.
Among muitiple patents.
Drawdacks —  Requires ransport’ supply —  Low pressure output, —  High capital mvesiments. -  Fequires ranspory supply
chain. usually rot suitable for —  Requires unintermupled chain.
—  Exhauslible supply. CPAR or venlahns. power. Needs adequalk —  Exnaustiole supply.
—  Highiy refani upon —  FRequires unin=mupted infrastuciure. - High mainienance for
suppdier. power. —  High maimenancs for piing.
—  Risk of gas leakage. - Fequires backup cyinder piping. —  Mesds adequale
—  Risk of unwanted SUPRY. —  Requires backup cylindsr infrastructure.
refocation. - Fequies maninance. SUpply. - Requires backup cyinder
—  Riskofgas leakage from supply.
piping sysiem. —  Riskof gas leakage fom
piping system.
References

1. https://www.who.int/publications/i/item/oxygen-sources-and-distribution-for-covid-19-treatment-centres

2. WHO-UNICEF technical specifications and guidance for oxygen therapy devices; WHO medical device technical
series; Geneva: World Health Organization and United Nations Children's Fund (UNICEF); 2019
(https://apps.who.int/iris/bitstream/handle/10665/329874/9789241516914-eng.pdf?ua=1)



https://www.who.int/publications/i/item/oxygen-sources-and-distribution-for-covid-19-treatment-centres
https://apps.who.int/iris/bitstream/handle/10665/329874/9789241516914-eng.pdf?ua=1

