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REVIEW OF THE USE OF OXYGEN THERAPY

Anoxaemia not only stops the machine but wrecks the machinery.
JS Haldane, 1919

Oxygen was first isolated by Priestley in 1744 and used
therapeutically by Beddoes in 1798.! However, for many years
oxygen was not given properly and most doctors thought it was
ineffective; it was administered to patients who were not
hypoxaemic, and who would therefore not benefit from it; it was
delivered by ineffective means, usvally at a very low flow rate
through a funnel held near the patient’s face, but also by nasogastric
tube, subcutaneously and even intravenously; and it was given only
intermittently, for example, for 10 minutes every four hours.!

Oxygen therapy was first used in a logical way by JS Haldane, who
treated soldiers affected by toxic chlorine gas during the First World
War? Haldane stressed that the body has practically no stores of
oxygen, so that therapy needs to be continuous,’ and he developed
equipment that delivered oxygen cheaply and effectively.

DOES OXYGEN THERAPY REDUCE MORTALITY IN
PNEUMONIA?

For a patient with severe or very severe pneumonia who is dying
from lack of oxygen, it seems logical to give oxygen to keep the
patient alive until the body defences and antibiotics have had time
to kill the pathogens causing the infection. Unfortunately, no
randomized controlled trials were conducted when oxygen therapy
was first introduced into clinical practice in about 1920; however,
there is indirect evidence of its effectiveness.

1.1.1  An animal study (pre-antibiotics), 1928

Binger and associates® at the Mayo Clinic anaesthetized guinea-pigs
with ether, and then injected into their lungs streptococei cultured
from the throats of healthy humans. Of 70 guinea-pigs kept in air,
66 (94%) died within 2 weeks, while of 45 guinea-pigs kept in 50%
oxygen for 24 to 48 hours only 22 (49%) died within this period; the
mortality was 45% lower with oxygen (95% confidence limit 30% to
619%).
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1.1.2 Retrospective controls in humans (pre-antibiotics), 1919-1929

The case-fatality rate for pneumonia varies greatly tfrom year to
year, so retrospective controls can be used only if details are
available about the severity of the disease. Mortality from
pneumonia has been shown to be related to the oxygen saturation
of arterial blood,’® the presence of bacteraemia, the serotype of the
organism (in pneumococcal pneumonia) and the age of the patient.”

Measurement of the oxygen saturation of arterial blood became
possible at just about the time when oxygen therapy began to be
used routinely, so few patients with pneumonia had oxygen
saturation measured without receiving oxygen therapy. Stadie
reported such measurement in 33 adults who did not receive
oxygen;® however, since he did not report the age of his subjects,
age could not be included in the analysis. The mortality in Stadie’s
patients can be compared with the mortality in five early studies of
oxygen therapy in which oxygen saturation was measured®” and one
large series of patients for which oxygen saturation can be estimated
because the degree of cyanosis was carefully recorded” All these
reports were from the Rockefeller Institute Hospital®'®'*"* and the
Presbyterian Hospital®? in New York, or the Massachusetts
General Hospital® in Boston. The results of the analysis are shown
in Table 1. Adjusted for the severity of illness, mortality was 39%
with oxygen and 74% without oxygen. No effective
chemotherapeutic treatment was then available.

Table 1

Effect of oxygen therapy on mortality
from pneumonia®’?

Died/total (% died)
Without oxygen With oxygen

Saturation® <80%, bacteraemia: 2/2 (100) 15/21 (71)
Saturation <80%, no bacteraemia: 12/13 (92) 19/52 (37)
Saturation > =80%, bacteraemia: 2/4 (50} 3/8 (38)
Saturation > =80%, no bacteraemia: 2/15 (13) 2/12 (17)

Total, adjusted for severity of illness: 74% died 39% died

* Saturation represents oxygen saturation of arterial blood.
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1.1.3  Concurrent controls in humans (with antibiotics, 1966-1967)

It is expensive and difficult to transport oxygen cylinders to rural
areas. In Papua New Guinea, from mid-1976 to mid-1977 at Tari
in the Southern Highlands, oxygen was available for only about two
out of every four weeks. Treatment was given according to a
standard protocol. When oxygen was available, it was given at 0.5
I/min via nasopharyngeal catheter to any child who was cyanosed
or restless, For eight children, oxygen therapy was begun but
supplies of oxygen ran out before clinical cyanosis or restlessness
had resolved. The outcome of treatment was recorded by Dr David
Smith (unpublished data), and the results are presented in Table 2.
A clear trend towards a reduction in mortality with oxygen therapy
is seen, but the number of children studied was small and the effect
does not reach statistical significance.

Table 2

Oxygen therapy and mortality from pneumonia
in children with cyanosis or restlessness,

Tari, Papua New Guinea, 1976-1977

{(n=32)
No oxygen Some oxygen Ample oxygen
Number who survived 9 6 8
Number who died (%) 6 (40.0) 2 (25.0) 1(11.1)

Conclusion

The evidence presented here has to be interpreted cautiously. The
results of the guinea-pig study may not apply to humans, and few
details were given in the report. There are two problems with the
analysis of mortality from pneumonia in humans just before and just
after the introduction of oxygen therapy: we do not know what
differences there were in treatment other than oxygen therapy, and
we cannot be certain that the two groups of patients were
comparable, although it was possible to adjust for known risk
factors, with the exception of age. Interpretation of the study of the
effect of oxygen therapy on mortality from pneumonia in children
in Papua New Guinea is hampered by the small number of patients
in each group; the trend towards a lower mortality with oxygen
therapy does not reach statistical significance. However, despite
these shortcomings, the evidence presented here suggests unat there
is a substantial reduction in mortality when oxygen is given to
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1.2

patients with very severe pneumonia who are hypoxaemic. It must
also be borne in mind that considerable morhidity, including brain
damage, may result from prolonged hypoxaemia in children who
survive,

It is clear that the above-mentioned studies and analyses have
serious methodological inadequacies. They represent, however, the
best information which can be found in the literature. What is
relevant is the consensus among scientists and clinicians about the
life-saving benefits of oxygen therapy for pneumonia patients with
signs of decreased oxygen saturation. On the basis of the general
consensus it is therefore important to develop inexpensive and
reliable ways of providing oxygen to children with very severe
pneumonia or severe pneumonia with cyanosis, and to advise health
workers at small hospitals in developing countries on the minimum
set of signs that can be reliably used to institute oxygen therapy.

INDICATIONS FOR THE USE OF OXYGEN

There are relatively few published studies that have explored the
relationship between individual clinical signs and hypoxaemia, The
strength of the published evidence for each of the clinical signs
recommended in 1990 by WHO" is summarized below.

1.2.1 Central cyanosis

There is no doubt that central cyanosis is the best clinical sign of
hypoxaemia.™”® However, cyanosis is  late and therefore relatively
insensitive sign (particularly in the presence of anaemia), it may be
difficult to detect in pigmented races or in poor lighting,' and
observers often disagree about whether cyanosis is present.”” Of six
studies that measured pO, (partial pressure of oxygen) or oxygen
saturation in children with cyanosis caused by an acute respiratory
infection (almost all the patients studied had bronchiolitis),*? all
but one concluded that cyanosis was the best sign of hypoxaemia.
The exception’® was a small study of 18 children with bronchiolitis
which measured pO, in "arterialized" capillary blood; this technique
is inaccurate. Two recent studies®® confirmed that cyanosis is a
very specific but insensitive sign of hypoxaemia, measured by pulse
oximetry, in children. Both studies were, however, conducted at
high altitudes, in the Peruvian Andes (3750 m)* and in Nairobi,
Kenya, (1670 m)%; in these situations, where children have an
increased risk of hypoxaemia and may be less able to compensate,
many more children than those presenting with central cyanosis
would require oxygen therapy. In the Kenyan study, Onyango et al.*
found that a mother’s report of cyanosis ("blueness™) was the best
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singie predictor of hypoxaemia in young infants Jess than 3 months
of age.

1.2.2 Inability to drink

None of the studies referred to above®'* provided data relating
inability to drink (or to feed in young infants) when caused by an
acute respiratory infection, to hypoxaemia. Mulholland et al.
(unpublished) collected data about inability to feed and oxygen
saturation: they found no difference between the saturation levels
of children who fed poorly and children who fed well. However, the
study involved children with bronchiolitis rather than pneumonia,?
and only 2 of 48 children were unable to feed (26 of the 48 fed
poorly). Two studies in Papua New Guinea'*® found a relationship
between inability to feed and mortality from pneumonia, but pO,
and oxygen saturation were not measured in these studies.

1.2,.3 Severe chest indrawing

Hall et al."® found no relationship between hypoxaemia and chest
indrawing in children with bronchiolitis. Mulholland et al®
reported that chest indrawing was present in 7 (58%) of 12 children
with bronchiolitis and less than 909% saturation, compared with only
13 (30%) of 44 with saturation of 90% or more; although this
difference is not statistically significant, there was a significant
difference between the oxygen saturation levels of children with and
without severe chest indrawing (unpublished data). The
relationship between chest indrawing and saturation disappears
when cyanosis is included in the model; that 1s, once cyanosis has
been taken into account, chest indrawing does not help in the
prediction of hypoxaemia. Reynolds” studied 10 infants with
bronchiolitis. Analysis of his data shows a statistically significant
relationship between hypoxaemia and chest mdrawing but, as in the
previous study,” this relationship disappears when cyanosis is
included in the model. Berman et al.*® measured oxygen saturation
in 30 children with an acute respiratory infection in Denver,
Colorado, and found a statistically significant relationship between
chest indrawing and hypoxaemia. None of these children had
cyanosis. Contrasting results were provided by Reuland et al®
from Peru (3750 m above sea level) and Onyango et al® from
Nairobi (1670 m): chest retractions had a low sensitivity {35%) and
a high specificity (94%) as a predictor of hypoxaemia (measured by
pulse oximetry) in the former study, and a high sensitivity (88% to
97% depending on age group) and a low specificity (20% to 30%)
in the latter. A study conducted in Bogotd, Colombia (2640 m),
gave conclusions similar to those reported from Nairobi {Lozano et
al,, unpublished data).
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1.2.4 Qver 70 breaths/minute (in children 2 months up to 5 years
old)

Hall et al."® and Reynolds” both found a correlation between
hypoxaemia and respiratory rate in children with ap acute
respiratory infection, mainly bronchiolitis. Mowever, since both
studies failed to distinguish between multiple observations on the
same individual and observations on different individuals, their
conclusions are open to question, Two recent studies”* have found
no relationship between respiratory rate and hypoxaemia (most of
the subjects had bronchiolitis). In contrast, Reuland et al®
reported that fast breathing, as defined by WHO (40 or more
breaths per minute), had a 68% accuracy in predicting oxygen
saturation status in children 12 to 60 months old, at an altitude of
3750 m, when combined with a history of rapid breathing and chest
retractions in a logistic regression model; each of the three variables
had an adjusted odds ratio of about 3.5. In the same study, fast
breathing was not a predictor of hypoxaemia in infants. Onyango
et al® found, using a logistic regression model, that a respiratory
rate of 70 breaths/minute or more in infants 3 to 11 months old
and of 60 or more in children 12 months and older were the best
predictors of hypoxaemia measured by pulse oximetry at an altitude
of 1670 m. Lozano et al. (unpublished data) reported that a
threshold of 50 breaths/minute or more in infants had 76%
sensitivity and 71% specificity as a sign of hypoxaemia at an altitude
of 2640 m. In older children the best cut-off point was 40
breaths/minute or more (sensitivity 73%, specificity 61%), while 70
or more had 100% specificity but a very Jow sensitivity. In a large
prospective study of children with pneumonia in Goroka, Papua
New Guinea,” the proportion of children taking more¢ than 60
breaths/minute was similar for severe pneumonia (73% of 278) and
fatal pneumonia (63% of 59), and there was no difference in the
proportion of children taking more than 60 breaths/minute among
those with bacteraemia (58% of 60} and those without bacteraemia
(58% of 180). Shann et al.'® found no relationship between a
respiratory rate greater than 70 breaths/minute and mortality in
children with severe pneumonia. Further studies, in which altitude
will have to be taken into account, are required to resolve these
inconsistencies.

1.2.5 Grunting (in young infants less than 2 months old)

Harrison et al.”’ showed that grunting is a protective mechanism in
hypoxaemic babies with hyaline membrane disease. However, the
evidence for identifying grunting as a clinical sign of hypoxaemia
and an indication for oxygen administration in infants less than 2
months old is conflicting. In Papua New Guinea, Spooner et al.®
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found that grunting was more common in children who died than
in children with moderate pneumonia. However, both Shann et al.!¢
and Spooner et al.® found no difference between fatal pneumonia
and severe pneumonia in the proportion of children with grunting.
In Gambia, Campbell et al® found that children with lobar
pneumonia were more likely to be grunting than children who did
not have lobar pneumonia, but grunting was present in only 6 of the
216 children studied, and the sensitivity was only 12%. In Kenya,
grunting was not significantly associated with hypoxaemia in young
infants less than 3 months of age, but had a sensitivity of 64% and
56% and a specificity of 56% and 76% in infants 3 to 11 months
and in children older than 12 months, respectively.

1.2.6 Restlessness (if improved by the administration of oxygen)

Morrison” studied children with acute respiratory infections
admitted to St Mary’s Hospital, London, and concluded that
restlessness was the best guide to the presence of hypoxaemia.
However, she studied only 18 children (and only half of them were
hypoxaemic), the nature of their illness was poorly defined (they
most probably had bronchiolitis), and she used an unreliable
measure of hypoxaemia ("arterialized" capillary blood). Three
subsequent studies®* have found no relationship between
restlessness and hypoxaemia.

Conclusion

Table 3 summarizes the evidence for a relationship between these
individual clinical signs and hypoxaemia or mortality associated with
severe pneumonia. In addition to the published evidence, other
factors have to be taken into account when deciding the indications
for oxygen therapy in young children with severe pneumonija, In a
situation in which hypoxaemia cannot be measured, such as in most
small hospitals in developing countries, the indications for oxygen
therapy have to be based on clinical signs that are not only
associated with hypoxaemia and increased mortality, but also
practical and for which the consequences of a wrong result are
unlikely to be dangerous. Despite the conflicting evidence, the
clinical signs recommended by WHO' meet these requirements:
they are safe and they can be applied in most situations.
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Strength of the evidence for a relationship

Table 3

between individual ¢lintcal signs and hypoxaemia

or mortality associated with severe pneumonia

Clinical sign

Evidence of relationship to
hypoxaemia

Evidence of relationship
to mortality

Central cyanosis
Inability to drink or feed
Severe chest indrawing

Over 70 breaths/minute (in
children 2 months up to 5 years
old)

Grunting (in young infants less
than 2 months old)

Restlessness (if improved by
oxygen)

Strongly related®® 15 18-24
Little data

Weakly related®182022.2428

Possibly related® 182

Weakly related®?7*

Not related!®?2?

Strongly related'®®
Related'™”
Weakly related™

Not related!¢”

Not related in

chitdren®®®

No data
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2,

THE OXYGEN DELIVERY SYSTEM

2.1

It is important to recognize that in making oxygen therapy
continuously available to patients, the choice of equipment and ways
to use it must be influenced by the personnel and infrastructure that
are available. The equipment cannot stand alone: it always needs
people to understand, operate and repair it, and supplies and spare
parts to keep it working. What is described next are the systems
(i.e., the sources of oxygen and the equipment needed to administer
it) and the methods of administering oxygen. In each section, the
conclusions and recommendations reflect the opinion of the
majority of expert paediatricians, and take into account the
personnel and infrastructure available in the "average" small hospital
in developing countries. Different levels of personnel and
infrastructure may entail a different choice of systems and methods
of administering oxygen.

SOURCES OF OXYGEN

Oxygen supplies need to be available at all times. The two main
sources of oxygen for developing countries are cylinders and oxygen
concentrators, '

2.1.1 Oxygen cylinders

Oxygen for cylinders is produced by cooling air until it liquifies, and
then distilling the liquid to separate pure oxygen from it. Because
of the very low temperatures required, below -180°C, this process
has a high energy consumption and can only be done in large
manufacturing plants. It is an expensive process,

Oxygen cylinders are heavy and difficult to transport. The cylinders
have to be transported back to the bulk supply depot to be refilled,
as well as from the depot out to the point of use. Transport is
often unreliable in developing countries, and expensive, so there are
often long periods when small hospitals in developing countries have
no supplies of oxygen.

Medical oxygen is very expensive in some developing countries and
may have to be imported, therefore consuming scarce foreign
currency. For instance, jn Papua New Guinea, with bulk purchase
of large (7600-litre) cylinders, a continuous flow of I I/min of
oxygen costs approximately US$ 6 per day, or US$ 2190 per year;
this price does not include the cost of transport, which is
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considerable for rural areas, and it may be even greater if small
orders are placed or small cylinders are used. For example, it costs
USS 14 per day or US$ 5110 per year for a continuous flow of
1 1/min from 440-litre cylinders purchased in bulk. A recent article
compared the cost of oxygen from cylinders and from concentrators
in Papua New Guinea® and found significant cost savings with the
latter, ranging from 25% in the smallest hospitals to 75% in large
district hospitals. A further study™ showed a significant cost saving
when 101 oxygen concentrators for anaesthesia were installed in all
district hospitals in Malawi. These savings were estimated by
comparing the costs of running the concentrators with those the
Ministry of Health of Malawi would have incurred if the same
amount of oxygen had been supplied with cylinders. The estimated
annual savings for oxygen amounted to about £137,000, or 1.27% of
the total health budget for the fiscal year 1987/88. These promising
results need to be confirmed by further cost studies in other settings
in developing countries.

Industrial oxygen is often much cheaper than medical oxygen and
may be easier to obtain. As the principle of manufacture is
identical to that of medical oxygen, chemical impurities are unlikely
in either form. Industrial oxygen is therefore usually safe for
medical use and can be used instead of medical oxygen. If oxygen
is obtained from an industrial source however, hospital
administrators or persons in charge of oxygen supplies must make
certain with the manufacturer that the cylinders do indeed contain
oxygen and have not previously been used for other gases. The
means of cylinder identification must be agreed with the supplier
before cylinders are purchased.

212 Oxygen concenirators

Oxygen concentrators were first produced in the 1960s to provide
long-term home oxygen therapy for patients with chronic lung
disease in developed countries. An oxXygen concentrator separates
the nitrogen from the oxygen in air. Most machines use an
electrically powered compressor to force compressed air through
synthetic aluminium silicate (zeolite), which reversibly binds
nitrogen.’® They deliver approximately 2-4 1/min of gas containing
over 90% oxygen; the concentration of oxygen is less at higher flow
rates.

There have been recent improvements in the design and
manufacture of oxygen concentrators, making them more reliable,
smaller, lighter and cheaper.®™ A working group established by
WHO and the World Federation of Societies of Anaesthesiologists
has drawn up requirements for concentrators to be used in adverse
conditions,® which are based on the international standard for
oxygen concentrators. In order to meet the WHO specifications,
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concentrators are required to operate at temperatures of up to
43°C, a relative humidity of 90-95% and altitudes of up to 4000 m.
A vibration test, to simulate the hazards of transport over rough
terrain, and a corrosion test are also specified. Machines meeting
these specifications are now being ficld-tested to assure their
suitability for use in developing countries. Their performance
should be closely monitored since to date there is relatively little
experience with their use in such settings.

Existing concentrators require a regular AC power supply of about
300 watts from mains or a back-up generator. It is recommended
that an oxygen cylinder be kept in addition as a back-up in case of
breakdown or power failure. Oxygen concentrators are much more
reliable now than they used to be. Typically, all that is required for
their regular maintenance is that the user wash a filter each day and
replace two other filters every 3 to 6 months, Skilled mechanical
maintenance is needed at intervals of about one year
Concentrators do malfunction occasionally, and their repair can
require considerable expertise; worn parts on the compressor and
valves may need replacement, so that adequate stocks of filters and
spare parts must be included in the initial purchase. In Malawi,®
two technicians were trained abroad for 3 months, six more received
4 weeks’ training locally, and filters and spare parts were provided
for 5 years. The performance of the concentrators was monitored
twice a year and found to match the specifications for 26 months.

Some malfunctions cause oxygen concentrators to pump out air
rather than oxygen, so it is important to be able to test the oxygen
concentrations delivered, and not just check for a gas flow. The
models meeting the WHO specifications have a built-in device,
called an OSD (Oxygen Sensing Device), which measures the
oxygen concentration just before the outlet. A warning s given
when the concentration is low, and the machines switch off if the
concentration of oxygen falls below 70%. In models which are not
fitted with such a device, the concentration of oxygen needs to be
checked at regular intervals using a separate oxygen analyser. It is
advisable to check the concentration of oxygen in the models fitted
with an OS5D as well, though less frequently (twice a year, for
example). The measurement must be carried out about 10 minutes
after switching the concentrator on, since this is the average time
taken by the machine to build. up the desired (90-95%)
concentration of oxygen. Oxygen concentrators cost about
US$ 1500-2000 each; because cylinders of oxygen are so expensive,
concentrators can result in large savings in cost,””* but they should
only be used where there is a reliable electricity supply and
adequate maintenance and repair facilities. WHO recommends that
only models meeting the technical specifications mentioned above™
be used in small hospitals in developing countries.
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Conclugion

The advantages and disadvantages of oxygen cylinders and oxygen
concentrators are compared in Table 4. Observations in many
developing countries indicate that cylinder-based oxygen delivery
systems fail to reach the majority of small hospitals, owing to lack
of transport, infrastructure and funds. Concentrator-based systems
have the potential to reach many more such hospitals at a lower
cost. But hospitals may find it difficult to meet the essential
requirements (regular maintenance and a reliable power supply).
Small hospitals in developing countries in which the supply of
oxygen cylinders is absent, unsatisfactory or too expensive, should
consider the purchase and use of oxygen concentrators as a
promising alternative.

‘Table 4

Comparison of oxygen cylinders and oxygen concentrators

Cylinders ' Concentrators

Capital cost Low High

Running cost High Low

Reliability Excellent Good on selected models
Regular maintenance Simple care only Needed

Electricity Not needed Needed

Continuity of oxygen Liable to run out Good, unless they break down or
delivery power fails

Supply system Transport needed Transport not neaded

2.2  EQUIPMENT FOR THE ADMINISTRATION OF OXYGEN

In large hospitals, oxygen pipeline systems are often used to deliver
oxygen to each bed. These are expensive, require complex and
difficult engineering and are therefore impractical for small
hospitals in developing countries. In these hospitals the traditional
solution has been to wheel cylinders of oxygen to the beds of
patients requiring treatment. The following sections describe and
discuss the equipment available to convey oxygen from the source,
a cylinder or & concentrator, to the patient.
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2.2.1 Using cylinders with single patients

Oxygen cylinders are filled with gas at a very high pressure. A
regulator, also known as a reducing valve, is needed to reduce this
pressure to a constant lower working pressure and to allow the flow
of gas to be controlled rather than determined by the pressure
remaining in the cylinder.

There are a number of different cylinder connectors; the regulator
must match the cylinder connector so as to be able to connect with
it. The most commonly found connectors are the pin-index and the
bull-nose, but others exist in different parts of the world:
handwheel, air liquide and American olive. Before ordering a
regulator, the user must check which type of connector is needed,

Regulators should include a high pressure gauge which indicates the
amount of oxygen remaining in the cylinder. Full cylinders usually
contain oxygen at a pressure of about 13,400 kPa (132 atmospheres
or bars, or 2000 p.s.i). When the pressure falls below 800 kPa
(8 atmospheres or bars, or 120 p.s.i.), the cylinder is nearly empty.

A flow control device must be attached downstream from the
regulator to allow the flow of oxygen to the patient to be precisely
set. There are two sorts of flow control devices:

a. Variable orifice flowmeters, in which the flow is controlled
by a knob which adjusts a needle valve. The flow is usually
indicated by a ball in a tube. For paediatric use it is
desirable to have a flowmeter with a range of 0-2 I/min,
rather than the 0-16 1/min flowmeters used for adults.

b. Fixed-orifice flow controllers, in which the flow is controlled
by a series of fixed-size openings using a control knob.
Flows of 0.5, 1, 1.5, 2, 4 and 5 I/min are usually available.
Fixed-orifice flow controllers are often sold already
combined with a regulator in a single unit.

Variable orifice flowmeters are widely used and those for adults are
readily available. Health workers are more likely to be familiar
with this sort of flow control device. They allow any flow at all to
be set that is within the range and limits of accuracy of the
mstrument. Low-flow paediatric versions, however, are often more
expensive and difficult to obtain,

Fixed-orifice flow controliers are accurate at the flows for which
they are designed.. They are more robust than variable orifice
flowmeters. For paediatric use they must be capable of delivering
a flow of 0.5, 1 and 2 1/min. Usually they offer other flows and a
range up to 5 I/min is desirable. They cannot give intermediate
flows between: their fixed settings, but intermediate flows (say
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0.8 1/min) are rarely prescribed, and with flowmeters such small
adjustments of flow are limited by the accuracy of the instrument
and the skill of the user.

Either type of flow control device is adequate. Variable orifice
flowmeters are more widely available, but new purchasers may
choose fixed-orifice flow controllers because of their robustness,
compactness and possible cost advantage. A regulator and a flow
control device in a single unit are less likely to get lost or damaged.

If oxygen is to be given by nasopharyngeal catheter, a humidifier is
required downstream after the flow control device. For oxygen
delivered through nasal catheter or prongs, humidification is not
needed, since sufficient humidity is added by the nose when the
catheter or prongs are correctly placed. Humidifiers require care
and supervision, and their connectors are a potential source of
leaks. The water has to be boiled, needs to be replaced every day,
and may become colonized by bacteria. - Humidifiers must be
periodically washed and dried.

A sufficient length, usually about two metres, of non-crush plastic
oxygen delivery tubing must be used to link the oxygen outlet to the
nasal or nasopharyngeal catheter. Nasal prongs are already
supplied with a sufficient length of non-crush plastic oxygen delivery
tubing. Non-crush oxygen tubing can be easily identified, because
its cross-section is not a ring (the opening is usually star shaped).

2,2.2 Using concentrators with single patients

Oxygen concentrators operate at a low pressure. All the models
meeting the WHO specifications have built-in flow control devices
and can be fitted with humidifiers if desired. A suitable length,
usually about two metres, of non-crush plastic oxygen delivery
tubing is the only equipment needed to connect the oxygen outlet
to the catheter or prongs (which are already fitted with a sufficient
length of non-crush oxygen tubing).

2.2.3 Using one oxygen source for several patients

By far the best way of giving oxygen to several patients is to set
aside a part of the health centre or hospital as the oxygen
administration area. Patients who need oxygen are moved to this
area. This arrangement is convenient for staff (the equipment is
permanently set up), it protects the equipment, and it concentrates
the sickest patients in one area. Either a concentrator, with a
cylinder back-up, or a cylinder alone can be used as sources of
oxygen for the treatment of more than one patient. The equipment
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needed varnies depending on the source and is described in Part 3
of this document.

METHODS OF OXYGEN ADMINISTRATION

There are many ways of giving oxygen. The best method depends
on the needs of the patient receiving it and the resources of the
place giving it.

2.3.1 Nasopharyngeal catheter

This is a thin flexible tube which is passed through the nose until its
tip lies in the patient’s throat, just beyond the soft palate (Figure 1).
A catheter passed for a distance equal to that from the side of the
nostril to the front of the ear usually reaches that point in the
oropharynx.® The tip of the catheter should be visible just below
the uvula when the mouth of the child is open. The nasopharyngeal
catheter is also known, in some places, as oropharyngeal catheter,
because its tip lies in the patient’s oropharynx.

Figure 1

Placement of a nasopharyngeal catheter
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