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Implementation of an oxygen concentrator system in district 
hospital paediatric wards throughout Malawi
Penny Enarson,a Sophie La Vincente,b Robert Gie,c Ellubey Maganga d & Codewell Chokani e

Problem Hypoxaemia in children with severe or very severe pneumonia is a reliable predictor of mortality, yet oxygen was not 
available in most paediatric wards in Malawi.
Approach The Child Lung Health Programme in Malawi made oxygen available by supplying oxygen concentrators and essential 
supplies to 22 district and 3 regional hospitals’ paediatric wards. Five key steps were taken to introduce concentrators: (1) develop a 
curriculum and training materials; (2) train staff on use and maintenance; (3) retrain electromedical departments on maintenance and 
repair; (4) conduct training once concentrators arrived in the country; and (5) distribute concentrators once staff had been trained.
Local setting The paediatric wards in 3 regional and 22 government district hospitals and 3 regional electromedical engineering 
departments in Malawi.
Relevant changes Main changes were: (1) provision of a source of oxygen in every paediatric ward in all district hospitals; (2) training 
of electrical engineering and health personnel in the use, maintenance and repair of oxygen concentrators; and (3) setting-up of high-
dependency rooms or areas for severely ill children where oxygen is administered.
Lessons learned It is feasible to implement an oxygen system using concentrators throughout a low-income country. Oxygen 
delivery requires trained staff with necessary equipment and supplies. Regular maintenance and supervision are essential to ensure 
optimal utilization.
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Background
Hypoxaemia in children with severe or 
very severe pneumonia is a reliable pre-
dictor of mortality, increasing the risk of 
dying fivefold.1,2 Hospitals throughout 
the developing world have very limited 
access to oxygen3 and, when oxygen 
is available, the equipment required 
to deliver it is often lacking.4,5 WHO 
has published technical guidelines for 
oxygen therapy in the management of 
childhood pneumonia in low-income 
countries, covering the indications for 
use, sources and equipment for the 
administration of oxygen.6

The Child Lung Health Programme 
(CLHP) is a collaborative project be-
tween the Government of Malawi, the 
International Union Against Tuber-
culosis and Lung Disease and the Bill 
and Melinda Gates Foundation. The  
CLHP has been incorporated into 
Malawi’s existing health services and 
implemented by personnel carrying out 

existing activities for control of acute  
respiratory infections within the inte-
grated management of childhood ill-
nesses. Policies and procedures, such as 
oxygen therapy, were coordinated with 
those in existing programmes.

Specific objectives of the CLHP 
were: (1) introduction of standard 
case management for the treatment of 
pneumonia at district hospital level; 
(2) improvement of health workers’ 
practice through training and super-
vision; (3) direction of resources to 
children most at risk of dying; (4) un-
interrupted supply and rational use of 
antibiotics and oxygen; and (5) genera-
tion and use of health services data to 
improve the quality of service.

In 2000, the International Union 
Against Tuberculosis and Lung Disease 
in collaboration with its partner, the Bill 
and Melinda Gates Foundation, techni-
cal experts, Ministry of Health and dis-
trict health officers evaluated five district 
hospitals in Malawi to assess the burden 

of disease of common childhood illness-
es. The team observed the functioning of 
the paediatric ward, pharmacy, radiology 
and laboratory, reviewed the paediat-
ric outpatient and inpatient registers  
for the previous 15 months and re-
viewed the case management of lung 
disease among hospitalized children. 
The main causes of morbidity and mor-
tality in hospitalized children aged less 
than 5 years were malaria, pneumonia, 
diarrhoea and anaemia.

Problem
During the situation analysis it was 
found that oxygen was not always 
available in four out of five district 
hospital paediatric wards visited. Health 
workers did not know when or how to 
administer oxygen to children. Oxygen 
cylinders were only provided to central 
hospitals and district hospital operat-
ing rooms, as they are expensive and 
difficult to deliver due to poor roads. 
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Most of the concentrators that were 
available on the paediatric wards were 
more than 10 years old and did not 
meet WHO/United Nations Children’s 
Fund (UNICEF) specifications.7 Where 
newer WHO/UNICEF-recommended 
models were available, they did not 
have flow-splitters, which allow oxygen 
to be delivered simultaneously to up to 
four children. Electromedical engineers 
are responsible for service and repair of 
oxygen concentrators in all government 
hospitals but scheduled maintenance 
visits did not occur, mainly due to a lack 
of filters and spare parts resulting from 
financial constraints within the Ministry 
of Health. Where oxygen was available, 
nasal prongs and catheters were lacking. 
Electricity blackouts of 3 hours or more 
were frequent. In most hospitals the gen-
erator and back-up oxygen cylinders were 
available to operating theatres only.

Approach
Following the situation analysis, the 
CLHP budget was revised to include 
oxygen concentrators, appropriate 
spares and supplies for oxygen deliv-
ery, and training of clinical staff and 
electromedical engineers, which had 
not been included originally. Therefore 
it was not possible to include extra 
funding required to repair and maintain 
those concentrators not purchased by 
the CLHP. Costs such as central level 
monitoring visits and travel allowances 
were already included within the exist-
ing budget. The Ministry of Health 

already funded vehicle and travel costs 
and personnel for regular maintenance 
visits by electromedical engineers, but 
maintenance did not occur due to lack 
of the necessary filters and spare parts. 
The CLHP addressed this problem by 
funding these supplies (Table 1).

It was decided to supply oxygen 
concentrators in paediatric wards of all 
district hospitals, and to develop a pack-
age of information and tools to cover 
all stages from procurement, training, 
installation and maintenance of oxygen 
concentrators. This was achieved by un-
dertaking the following steps.

Identify model/manufacturer of con-1. 
centrator suitable for Malawi.
Discuss with manufacturer’s engi-2. 
neering department all the com-
ponents necessary to introduce and 
maintain concentrators in Malawi.
Place order based on these recom-3. 
mendations.
Decide on mode of delivery – cath-4. 
eter versus nasal prongs. Calculate 
amount required and order. It was 
decided to use nasal prongs based 
on WHO recommendations6 par-
ticularly as these provide the safest 
method and ease of use and care, 
which was important due to the 
high patient–nurse ratio.
Write guidelines for oxygen admin-5. 
istration.
Develop training materials and cur-6. 
riculum.
Identify appropriate place to install 7. 
concentrators in paediatric wards.

Table 1. Cost of equipment and training

Item Amount Cost (US$)

Concentrators all the same model – WHO approved 26 units 22 198

Flow-splitters 26 units 13 159

Spares for ongoing maintenance and  
repair including:

•  All filters 8 594
•  Tubing
•  Valve kits
•  Sieve beds

Voltage surge prevention device 27 units 1 717

Nasal prongs and blanking-plugs 5 100 pieces 15 326

Training and materials – 31 807

Shipping and handling – 11 276

Cost of central level monitoring visits not included a – –

Cost of electrical engineering department not included b – –

Total cost – 104 077

a  Already included in Child Lung Health Programme (CLHP) budget.
b  Already included in the Ministry of Health budget.

Install brackets to secure concen-8. 
trator to wall so that it cannot be 
moved to the operating theatre or 
labour ward.
Identify and train staff at each hos-9. 
pital on concentrator use and main-
tenance.
Visit central and regional electro-10. 
medical departments and discuss 
regular maintenance protocol and 
procedures.
Identify expert to conduct train-11. 
ing once concentrators arrived in 
country.
Distribute concentrators to hospi-12. 
tals after training designated staff.
Lobby for paediatric wards to be 13. 
included in hospital generator grid 
and provision of back-up oxygen 
cylinders.

Training
Prior to the first installation of con-
centrators in 2002 by CLHP, train-
ing workshops were conducted by an 
electromedical engineer with expertise 
in maintaining and repairing oxygen 
concentrators and senior clinical and 
nursing personnel with expertise in  
concentrator use and oxygen admin-
istration. The first workshop included 
three electromedical engineers from the 
three central hospitals who assisted with 
subsequent training. One anaesthetist 
(clinical officer) and one senior state-
registered nurse working in paediatrics 
were trained for each of the first five 
district hospitals implementing the 
CLHP. Training of general paediatric 
department staff in oxygen therapy was 
included in the annual clinical training 
course held before CLHP implementa-
tion in new districts.

The objectives of the workshop 
were to train electromedical engineers, 
anaesthetist officers and registered nurses 
in management and maintenance of 
concentrators and flow-splitters and in 
administering and monitoring oxygen 
therapy. The workshop consisted of 
technical and clinical presentations,8 a  
WHO video on oxygen therapy,9 the-
ory and practical sessions on the use, 
maintenance and repair of the oxygen 
concentrator and flow-splitters, and 
hands-on training in the district hos-
pitals (Box 1). Each district hospital 
received a brochure describing in brief 
the main points in concentrator use 
and maintenance,10 a user instruction 
guide for the model of oxygen con-
centrators being supplied and a WHO 
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manual on clinical use of oxygen.6 
Service manuals for specific oxygen  
concentrator maintenance were sup-
plied to electromedical engineers.

Relevant changes
The paediatric ward in each district 
hospital established a separate “high-
dependency” room or designated area 
for severely ill children where the oxy-
gen concentrator was located. The staff 
were very innovative in setting up these 
rooms/areas, for example adding hooks 
for hanging intravenous fluids. Some 
district hospitals also set up four sepa-
rate cots to reduce risk of nosocomial  
infection.

Posters on correct placement and 
use of nasal prongs and catheters, as 
well as procedures for administering 
oxygen, were mounted on the wall. 
Nasal prongs and filters were issued to 
each ward before the installation and 
regularly thereafter.

All district hospitals throughout 
Malawi now have an oxygen concentra-
tor with flow-splitter on their paediat-
ric ward with trained staff capable of 
administering oxygen to four children 
simultaneously.

Monitoring
The introduction of oxygen was only 
one element of the CLHP, which in-
cluded the introduction of diagnostic 
guidelines and clinical staff trained in 
diagnosis and treatment based upon 
standard case management. Also in-
cluded was a system of quality control, 
logistics to purchase and distribute 
standardized drugs to ensure uninter-
rupted supplies, and regular supervision 
and evaluation of the programme.

Quarterly maintenance visits were 
scheduled by the electromedical engi-
neers. A logbook was issued with each 
concentrator to record specific routine 
preventive maintenance. This record 
was to be checked during quarterly 
monitoring visits by CLHP central  
level staff. Unfortunately many sched-
uled maintenance visits did not occur 
due to financial constraints within the 
electromedical engineering depart-
ment.

External oxygen review
An external review of the sustainability 
of oxygen systems using concentra-
tors was conducted in Malawi in June 

Box 1. Topics covered in the oxygen concentrator training workshop

•  Introduction and objectives

•  Presentation on indications for oxygen therapy8

•  Video on oxygen9

•  Identifying common problems with oxygen supplies and administration in district hospitals 
(group discussions)

•  Feedback and discussion from groups on current versus recommended practices and ways of 
improving them

•  Introduction to oxygen concentrator – theory and practical (electromedical engineering 
department)

•  How the concentrator works using a 4-way flow-splitter – practical demonstration (electromedical 
engineering department)

•  Routine maintenance of the concentrator: what regional level electromedical engineering 
department does – practical demonstration (electromedical engineering department)

•  Common faults and how to correct them at district hospital level

•  Regular maintenance by clinical personnel in the hospital – theory and practical demonstration 
(such as changing filters)

•  Organization of the ward – theory (senior nurse, paediatric ward, central hospital)

•  Installing the concentrator in a designated area in paediatric ward – practical demonstration

•  Discussion and recommendations

2007.11 This review identified human 
resources as a major obstacle, with high 
staff-turnover rates among nurses and 
clinical officers, resulting in the need for 
regular ongoing training of new staff.

Concentrators had been used sub-
stantially less than expected, based on 
the annual number of very severe pneu-
monia admissions recorded for each 
hospital.11 In addition to unwilling-
ness among some parents for oxygen 
therapy, the difficulty in retaining well- 
trained personnel is likely to have con-
tributed to this apparent underutiliza-
tion of oxygen. Reliable records of the 
breakdown and repair of equipment 
were not available. All hospitals were 
found to have a functioning oxygen 
concentrator, thus a prolonged me-
chanical failure was unlikely to be the 
primary cause of underutilization.

While electricity failures were re-
ported to be very frequent (daily in 
most hospitals), 10 out of 15 (67%)  
paediatric wards that were visited 
reported that a reliable generator pro-
vided the ward with a back-up power 
source.11

The review found that the difference 
in performance between the WHO-
recommended model purchased by the 
CLHP and other models purchased by 
the Ministry of Health varied greatly.11 
This highlights the importance of uni-
formity of equipment and procurement  
that is appropriate for the environ-
ment. Additional details of this review 
are available from WHO.11

Discussion
The major finding from this process 
is that it is feasible to deliver oxygen 
countrywide at district hospital level in 
low-income countries through oxygen 
concentrators fitted with flow-splitters 
(Box 2). The success of such a system 
depends on: (1) all necessary equipment 
and supplies being available before 
installation of concentrators; (2) ongo-
ing regular supply of equipment and 
supplies; (3) personnel being trained 
and in place before installation of con-
centrators; (4) regular maintenance and 
supervision of system and personnel; 
(5) use of logbooks to evaluate preven-
tive maintenance; and (6) consideration 
of climate and environment in selec-
tion of equipment and maintenance 
schedule.

A designated area or room en-
sures those patients most likely to 
need oxygen have ready access to the 
concentrator(s). In Malawi, parents 
and guardians have been reluctant for  
their children to receive oxygen ther-
apy, as they believe their child could 
die once oxygen is administered. Unfor-
tunately, some children arrive at the 
hospital in a moribund condition and  
do not survive even when given ap-
propriate care, including oxygen. Pulse 
oximeters may have assisted in showing 
parents the positive effects of oxygen 
therapy. Thus pulse oximetry should 
also be considered as an important tool 
to assess patient oxygen needs, instead 
of relying just on clinical signs.
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Résumé

Mise en œuvre de concentrateurs d’oxygène dans des services pédiatriques hospitaliers de district à travers 
le Malawi
Problématique Chez l’enfant atteint d’une pneumonie très grave 
ou sévère, l’hypoxémie annonce de manière fiable une évolution 
mortelle. Pourtant, la plupart des services pédiatriques du Malawi 
ne disposaient pas d’oxygène.
Démarche Le Programme Santé pulmonaire de l’enfant 
au Malawi a mis l’oxygène à la disposition de 22 services  
pédiatriques hospitaliers de district et de 3 services pédiatriques 
d’hôpitaux régionaux, en leur fournissant des concentrateurs 
d’oxygène et les fournitures indispensables. L’introduction de ces 
concentrateurs s’est faite en cinq étapes clés : 1) mise au point 
d’un programme et de supports de formation ; 2) formation du 
personnel à l’utilisation et à la maintenance de ces appareils ;  
3) recyclage des départements d’électronique médicale pour 
qu’ils puissent effectuer la maintenance et les réparations ; 
4) dispensation d’une formation une fois les concentrateurs arrivés 
dans le pays ; et 5) distribution des concentrateurs une fois le  
personnel formé.

Contexte local Les services pédiatriques de 3 hôpitaux régionaux 
et de 22 hôpitaux publics de district et 3 départements régionaux 
de génie électronique médical du Malawi.
Modifications pertinentes Les principaux changements ci-
après ont été apportés : 1) fourniture d’une source d’oxygène 
dans chaque service pédiatrique de l’ensemble des hôpitaux 
de district ; 2) formation du personnel sanitaire et spécialisé en  
électronique médicale à l’utilisation, à la maintenance et à la 
réparation des concentrateurs d’oxygène ; et 3) mise en place 
de salles ou de zones pour patients très dépendants où l’on  
administre de l’oxygène aux enfants gravement malades.
Enseignements tirés La mise en œuvre d’un système 
d’approvisionnement en oxygène utilisant des concentrateurs est 
faisable dans un pays à faible revenu. La délivrance de l’oxygène 
nécessite du personnel formé, ainsi des équipements et des 
fournitures. Une maintenance et une supervision régulières sont 
essentielles pour garantir une utilisation optimale.

Resumen

Implantación de un sistema de concentradores de oxígeno en salas de pediatría de hospitales de distrito  
en Malawi 
Problema La aparición de hipoxemia en los niños con neumonía 
grave o muy grave es un factor predictivo fiable de la mortalidad. 
Pese a ello, la mayoría de las salas de pediatría de Malawi  
carecían de oxígeno.
Enfoque El Programa de Salud Pulmonar Infantil de Malawi 
suministró oxígeno facilitando concentradores y suministros 
esenciales a las salas de pediatría de 22 hospitales de distrito 
y 3 hospitales regionales. Se tomaron cinco medidas clave para 
introducir los concentradores: 1) desarrollo de un programa de 
estudios y de material didáctico; 2) formación del personal sobre 
su uso y mantenimiento; 3) actualización profesional de los 

departamentos de electromedicina en materia de mantenimiento 
y reparación; 4) actividades de capacitación una vez llegados los 
concentradores al país; y 5) distribución de los concentradores 
tras haber formado al personal.
Contexto local Las salas de pediatría de 3 hospitales regionales 
y 22 hospitales de distrito públicos, y 3 departamentos regionales  
de ingeniería en electromedicina de Malawi.
Cambios destacables Los cambios principales fueron los 
siguientes: 1) instalación de una fuente de oxígeno en cada 
una de las salas de pediatría de todos los hospitales de distrito; 
2) capacitación del personal de electroingeniería y salud en el uso, 

A challenge for the CLHP is to 
ensure that routine maintenance oc-
curs and that systems are in place to 
ensure ongoing distribution of available 
spare parts. Improved communication 
between clinical, nursing, engineering 
and programme administration staff is 
likely to assist in meeting these challenges. 
Countries seeking to implement such a 
programme should ensure that, where 
high staff turnover is likely to be present, 
adequate support is available for ongoing 
training and regular supervision.

The last published data on field-
testing and evaluation of oxygen concen-
trators was over a decade ago, reporting 
on a trial in Egypt.12 There were no 
published data found on a similar trial 
that was conducted in Malawi. The 
concentrators used in both these trials 
are no longer produced13 and no simi-
lar field experience to test sustainability 

Box 2. Summary of lessons learned

•  It is feasible to deliver oxygen countrywide at district hospital level in low-income countries 
through oxygen concentrators fitted with flow-splitters.

•  Multidisciplinary collaboration between clinical, nursing and engineering staff is required for 
the implementation and ongoing management of an oxygen concentrator system.

•  Oxygen concentrators and equipment should be uniform and meet the WHO specifications  
and country climatic and environmental conditions.

•  Regular supervision and training are required to ensure optimal utilization of oxygen 
concentrators.

of new models in developing countries 
has been reported in the literature since. 
It is hoped that the information on the 
introduction and sustainability, over a 
five-year period, of a newer model of 
concentrator that is in line with WHO 
specifications will encourage more 
countries to introduce a similar pro-
gramme within paediatric wards for the 
management of pneumonia.  ■
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mantenimiento y reparación de los concentradores de oxígeno; 
y 3) acondicionamiento de habitaciones o zonas reservadas a 
grandes dependientes para los niños gravemente enfermos,  
incluida la instalación de sistemas de administración de oxígeno.
Enseñanzas extraídas  Es posible implantar de forma  
generalizada un sistema de suministro de oxígeno a base de 

concentradores en los países de ingresos bajos. La administración 
de oxígeno requiere personal especialmente preparado y dotado 
del equipo y suministros necesarios, y unas actividades regulares  
de mantenimiento y supervisión son fundamentales para que se 
haga un uso óptimo del material.

ملخص
تنفيذ نظام لتوفير وحدات تركيز الأكسجين في أجنحة الأطفال بمستشفيات المناطق في جميع أنحاء ملاوي

المشكلة: إن نقص تأكسج الدم لدى الأطفال المصابين بالتهاب رئوي وخيم، أو 
وخيم جداً، هو أحد المنبئات الموثوقة بحدوث الوفيات. ورغم ذلك، لم يكن 

الأكسجين متوفراً في معظم أجنحة الأطفال في ملاوي.
ر برنامج الصحة الرئوية للأطفال في ملاوي الأكسجين عن طريق  الأسلوب: وفَّ
توفير وحدات لتركيز الأكسجين، والإمدادات اللازمة لها، في أجنحة الأطفال في 
اتُّخذت خمس  22 من مستشفيات المناطق، و3 مستشفيات إقليمية. وقد 
منهج  إعداد   )1( هي:  الوحدات،  هذه  إدخال  أجل  من  أساسية  خطوات 
استخدام  على  العاملين  تدريب   )2( المجال؛  هذا  في  تدريبية  ومواد  دراسي 
الهندسة  أقسام  في  العاملين  تدريب  إعادة   )3( وصيانتها؛  الوحدات  هذه 
الطبية – الكهربائية على صيانة وإصلاح هذه الوحدات؛ )4( إجراء التدريب 
بمجرد وصول هذه الوحدات إلى القطر؛ )5( توزيع وحدات تركيز الأكسجين 

ى العاملون تدريبهم عليها. متى تلقَّ
المرفق المحلي: أجنحة الأطفال في 3 مستشفيات إقليمية، و22 من المستشفيات 

الحكومية بالمناطق، و3 أقسام هندسة طبية كهربائية في ملاوي. 
ات الرئيسية في ما يلي: )1( توفير مصدر  التغيرات ذات العلاقة: تمثَّلت التغيرُّ
المناطق؛  مستشفيات  بجميع  الأطفال  أجنحة  من  جناح  كل  في  للأكسجين 
الصحيِّـين  والعاملين  الكهربائية،  الهندسة  أقسام  في  العاملين  تدريب   )2(
على استخدام، وصيانة وإصلاح وحدات تركيز الأكسجين؛ )3( إنشاء غرف أو 
مناطق تتميَّز بالكفاءة العالية، للأطفال الذين هم في حالة مرضية وخيمة، 

يعطون فيها الأكسجين.
استخدام  من خلال  الأكسجين  لتوفير  نظام  تنفيذ  يُعَدُّ  المستفادة:  الدروس 
وحدات تركيز الأكسجين في أحد الأقطار المنخفضة الدخل، بكامل مناطقه، 
ر المعدات  بين، مع توفُّ أمراً مجدياً. ويتطلَّب توفير الأكسجين وجود عاملين مدرَّ
تُعَدُّ الصيانة والإشراف الدوريان من الأمور اللازمة  والإمدادات اللازمة، كما 

لضمان الاستخدام الأمثل لهذه الوحدات.
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