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Abstract
Background: Oxygen is an essential medicine that saves many children dying of hypoxemia from
pneumonia. Nearly more than 95% of deaths occur in developing countries. Similarly, the prevalence of
pneumonia is high in Ethiopia. Oxygen therapy is a lifesaving treatment, however, the appropriate use and
administration of oxygen in clinical practice is often challenging without knowledge of its potential risks
and bene�ts. Therefore, the study aims to assess the functional availability of oxygen devices and its
clinical practice in public hospitals of Ethiopia.

Methods: A facility-based cross-sectional time-series design was conducted from December 2015 to
December 2019. Primary data was collected from 32 public hospitals bi-annually. Similarly, medical
record charts were reviewed retrospectively biannually using interviewer-administered structured
questionnaires. A chi-square test that claimed P<0.05 used to assess the statistical signi�cance
differences.

Results: The study was conducted in thirty-two public hospitals of Ethiopia, where capacity building and
technical support interventions implemented. Of which, 15 (46.9%) were General hospitals, and the
remaining 10 (31.2%) and 7 (21.9%) were Referral and Primary hospitals respectively. Multifaceted
approaches such as on-site and off-site capacity building of healthcare workers, regular mentorship,
technical assistance, development of guideline/manuals, oxygen device procurement and maintenance
were provided to healthcare workers and health facilities. Functional availability of oxygen has shown a
statistically signi�cant increase from 62% to 100% in Pediatric In-patient Department of general and
referral hospitals (p-value < 0.001). Similarly, functional availability of Pulse Oximetry has shown
statistically signi�cant increased from 45% to 96%. With regard to the clinical practice, SpO2
measurement at diagnosis and admission has increased from 10.2% to 75% and 20.5% to 83%
respectively.

Conclusions: Based on the intervention results, we can conclude that multifaceted approaches targeting
healthcare workers capacity, increased device procurement and on-site device maintenance with on-site
mentorship can improve the availability of medical oxygen and pulse oximetry and clinical practice of
oxygen therapy in health facilities. Therefore, ensuring device availability along with regular technical
support and close follow-up of healthcare workers and facilities are key and the initiative needs to be
scaled-up.

Background
Oxygen is an essential medical therapy that saves the lives of many children(1). Oxygen therapy is not
only used for pneumonia but also for many other diseases including those which result in hypoxemia (2).
Pneumonia is the largest infectious cause of death in children worldwide than any other single infectious
disease claiming the lives of an estimated 800,000 children under the age of �ve, which is equivalent to
around 2,200 each day(3) (4). Moreover, COVID-19 could also add 1.9 million to the death tolls this year;
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which could increase all-cause pneumonia deaths by more than 75%. It is further aggravated by the
disruption of healthcare services which adds an estimated death of 2.3 million of which 35% from
pneumonia and newborn sepsis (5).

Pneumonia affects developing countries disproportionately as more than 95% of the deaths occur in
developing countries (6) (7). Similarly, the prevalence of pneumonia is high in Ethiopia. A recent study
indicated that its prevalence is 33.5 percent(8). Studies suggested that mortality due to childhood
pneumonia is strongly linked to poverty-related factors such as malnutrition, lack of safe drinking water
and sanitation, indoor air pollution and inadequate access to health care (9) (8).

Hypoxemia, a low level of oxygen in the blood, is a common and frequent complication of pneumonia(6)
(10). It is fatal if it is not treated on time(11). Despite the ongoing incongruities, hypoxemia can be
detected using clinical assessments or using pulse oximetry since the latter allows simple, non-invasive,
and reasonably accurate estimation of arterial oxygen saturation (12). Lack of oxygen leads to
dysfunction of the organ system very quickly and then results in imminent death. Hence, hypoxemia is a
life-threatening condition that demands early detection and treatment (7).

Hypoxemia coupled with poor clinical conditions, presence of co-morbidities such as malnutrition,
incomplete immunization, and socioeconomic factors is a major risk factor for death (7) (10) (13). A
systematic review estimated that 13.3% of children with pneumonia have hypoxemia (14). Furthermore,
the UN IGME report indicated that out of 5.9 million annual child deaths 23 percent related to neonatal
conditions such as birth asphyxia, sepsis, and low birth weight all of which can lead to hypoxemia (7).
Therefore, the diagnosis of hypoxemia and administration of oxygen are key strategies in reducing
pneumonia-related mortality among children under the age of �ve(15). A clinical review update also
reported that oxygen therapy is a lifesaving treatment, however, the use and administration of oxygen in
clinical practice is often inappropriate without knowledge of its potential risks and bene�ts (16). This is
further supported by the �ndings of a review on prescription and delivery practice, which reported that
although there are some changes in oxygen prescription practice there remains a signi�cant room for
improvement (17). Therefore, the study aims to assess the functional availability of oxygen devices and
clinical practices of oxygen therapy in in-patient pediatrics department from public hospitals of Ethiopia.

Methods

Study design, setting and population
The study employed a facility-based cross-sectional time-series design. The study setting was thirty-two
functional public hospitals located in nine regions and two city administrations. These hospitals are
selected as model sites for training, mentorship and ongoing data collection in consultation with Ministry
of Health and the respective Regional Health Bureaus (RHBs). The selected public hospitals were
considered as the study population. Health Care Workers (HCWs) working in the selected public hospitals
were also part of the study population since interventions focusing on knowledge and skill on oxygen
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therapy were provided to them. Moreover, medical record reviews of children 0-59 months of age with
severe pneumonia cases were the study population.

Sampling and sample size
Thirty-two functional public hospitals were purposefully selected as model site across nine regions and
two city administrations. Functional availability of oxygen devices and pulse oximetry assessed across
each department in general and pediatric departments in particular. To assess the status of medical
oxygen therapy in the pediatric ward, chart reviews were conducted every six months. All under-�ve
children charts reviewed retrospectively and charts with severe pneumonia cases selected. Out of the
identi�ed severe pneumonia cases 10 cards were randomly selected in each hospital and this brings the
total charts reviewed to 320. Thereafter, the procedures and applications of oxygen therapy were
assessed such as oxygen check-up, saturation records, oxygen prescription if hypoxemic, routes of
administration, follow-up status and outcomes of the child. Finally, based on the �ndings of the chart
review technical support was provided to HCWs.

Interventions/exposures

Capacity building
To improve access, utilization and practice of oxygen therapy in health facilities both onsite and offsite
trainings were provided for healthcare professionals working in public health facilities. Clinton Health
Access Initiative (CHAI) in collaboration with Ministry of Health (MOH) and Regional Health Bureaus
(RHBs), oxygen therapy for clinician training of trainer (ToT), basic training and orientation had been
provided for a total of 2,714 participants out of which 326 biomedical engineers/technicians were trained
on oxygen device maintenance and the rest 2,388 clinicians (nurses and doctors) were trained and got
orientation on medical oxygen therapy (18). On top of the offsite training, on-job trainings were also
provided to health care workers and biomedical engineers/technicians.

Technical support to MOH and RHBs
To accelerate the implementation of oxygen and enhance its availability, technical supports were made to
MoH and RHBs. Some of the major technical supports were the development of a training manual on
maintenance of oxygen device/POx for Biomedical Engineers/Technicians (BME/Ts), clinician’s training
material for oxygen and pulse oximetry use, speci�cation of oxygen concentrator, pulse oximetry, oxygen
analyzer, and oxygen plant, oxygen quality assessment conducted in 53 hospitals and oxygen and pulse
oximetry scale-up road, related to the road map massive advocacy work has been conducted, national
taskforce established for the roll-out of road map and mid-term review conducted.
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Supportive supervision/mentorship
Supportive supervisions were conducted biannually in 32 public hospitals comprised of each tier across
all regions of Ethiopia. During the supportive supervision, technical supports were provided to health
workers across the pediatric department. Moreover, to assess the functionality of oxygen devices physical
observation was also conducted. Based on the technical support and observation, feedback was given to
health workers in the presence of the medical director.

Oxygen device support
To enhance the availability and quality of service provision, oxygen devices such as oxygen concentrator,
oxygen analyzer and pulse oximetry were provided. Moreover, as part of on the job training and support,
maintenance supports were also provided to biomedical engineers/technicians.

Chart review
To assess the status of medical oxygen therapy in the pediatric ward, chart reviews were conducted every
six months. All under-�ve children charts reviewed retrospectively and charts with pneumonia cases
selected. Out of the identi�ed pneumonia cases 10 cards were randomly selected in each hospital.
Thereafter, the procedures and applications of oxygen therapy were assessed such as oxygen check-up,
saturation records, oxygen prescription if hypoxemic, routes of administration, follow-up status and
outcomes of the child. Based on the �ndings of the chart review technical support and feedback were
provided to the health workers. A framework that illustrates the array of interventions contribute to
improve health outcomes of pediatric pneumonia are presented in Figure 1.

Data collection and management
Structured supportive supervision guidance and checklist were developed to follow-up and assess the
variables of interest over the course of time. An additional structured questionnaire �le shows this in
more detail [see Additional �le 1]. Then, the draft checklist shared and reviewed by the regional teams and
partners. After incorporation of comments, the �nal tool was programmed into an electronic data
collection tool named SurveyCTO and uploaded onto a server. Then the tool was downloaded into
individual tablets and pretested for functionality and user-friendliness. After the tool was �nalized, two
days’ training was provided for the supervisory teams to ensure familiarity with the tool, incorporation of
unforeseen issues and minimize biases. Moreover, before the actual implementation of the tool practical
demonstration session was also conducted in non-supervision facilities to avoid contamination of
information. Finally, the development of the checklist is cognizant of and in consideration to frame a two-
way discussion between the supervisors and the health worker at each institution.



Page 6/18

The supportive supervisory teams were composed of CHAI Ethiopia regional uptake o�cers, RHBs and
Ethiopian Pharmaceutical Supply Agency (EPSA) regional team. The supervisors are responsible for
conducting the supervisions and providing mentorship and guidance. To ensure the adequacy of
mentorship and collect quality data, they had a minimum of �rst-degree quali�cation in health and
related disciplines and vast experience of working at each tier of the health system. In addition to that,
they are well experienced in supervision techniques. The supervisory team provides adequate technical
support based on the checklist and record the �ndings and work with the staff and management of the
health facility to bring about improvements on the identi�ed problems. At the end of the technical
support, they provide feedback; the team also develops action points and record minutes for mutual close
follow-up and implementation.

Data cleaning and analysis
Data were collected electronically using SurveyCTO platforms and cleaned using MS-Excel O�ce 2016.
Further cleaning and preparation were also made using Statistical Packages for Social Sciences (SPSS).
Afterwards, in addition to the existing variables, new variables on the availability of oxygen devices (either
oxygen cylinder or concentrator) were created by either/or functions to assess the availability. A
descriptive analysis was performed to generate frequencies, tables and charts to present key �ndings. A
chi-square test was used to assess the statistical differences between the baseline and consecutive
follow-up supports. A statistical signi�cance relationship was also claimed at p<0.05.

Results
The study conducted in thirty-two public hospitals of Ethiopia, where capacity building and technical
support interventions were in effect. Of which, 15 (46.9%) were General hospitals, and the remaining 10
(31.2%) and 7 (21.9%) were Referral and Primary hospitals respectively (Table 1). According to the health
system tier of Ethiopia, these public hospitals serve an estimated catchment population of 51 Million.
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Table 1
Types of hospitals by region

Region Types of hospital  

Primary General Referral Total

Amhara 2 2 2 6

Oromia 2 2 2 6

SNNPR 1 3 2 6

Tigray 2 2 2 6

Others 0 6 2 8

Total 7 (21.9%) 15 (46.9%) 10 (31.2%) 32(100%)

To assess the application of oxygen therapy in the selected public hospitals' under-�ve medical records
were reviewed retrospectively every six months. In terms of the composition of charts, of 320 medical
records of children diagnosed with severe pneumonia and admitted to PIPD, 47%, 31%, and 22% were
from general, referral, and primary hospitals respectively (Table 2).

Table 2
Medical records by region and types of hospitals

Region Types of hospital  

Primary General Referral Total

Amhara 20 20 20 60

Oromia 20 20 20 60

SNNPR 10 30 20 60

Tigray 20 20 20 60

Others 0 60 20 80

Total 70 (22%) 150(47%) 100(31%) 320(100%)

As part of the initiative to increase access and availability of oxygen, onsite and offsite trainings were
provided to Biomedical Engineers/Technicians (BME/Ts). In terms of trained BME/Ts 30 (94%) of the
hospitals have trained BME/Ts. Looking into disaggregated data, primary hospitals have a maximum of
one trained BME/Ts whereas, at general hospitals, there were up to nine trained BME/Ts. Overall, the
highest number of trained BME/Ts were found in general hospitals followed by referral hospitals (Fig. 2).

Availability of functional oxygen cylinder or concentrator in different departments
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As presented in Table 3, overall the availability of functional oxygen was 100% at Newborn Intensive Care
Unit (NICU) across each type of hospital. Similarly, the availability of functional oxygen was 100% at
Pediatric Inpatient Departments (PIPD) of general and referral hospitals on the day of the visit. In general,
functional availability of oxygen has shown a statistically signi�cant increase from 62% at baseline
(December 2015)(19) to 100% in Pediatric IPD of general and referral hospitals (p-value < 0.001).

Table 3
Availability of functional oxygen by department and types of hospitals

Department Responses Types of hospital

Primary General + Referral Total

Freq. % Freq. % Freq. %

Pediatric IPD Yes 7 100% 25 100% 32 100%

No 0 0% 0 0% 0 0%

Total 7 100% 25 100% 32 100%

Pediatrics Emergency Yes 1 100% 17 89% 18 90%

No 0 0% 2 11% 2 10%

Total 1 100% 19 100% 20 100%

NICU Yes 7 100% 25 100% 32 100%

Total 7 100% 25 100% 32 100%

As exempli�ed in Fig. 3, the availability of functional oxygen revealed an increasing trend since baseline
and keeps constantly 100% since the 3rd round Supportive Supervision (SS).

As shown in Table 4, the availability of functional pulse oximetry was 96% at PIPD of general and referral
hospitals on the day of the visit. Overall, the functional availability of POx has shown statistically
signi�cant increased from 45% at baseline (December 2015)(19) to 96% (December 2019) in pediatric
IPD of general and referral hospitals (p-value < 0.001).
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Table 4
Availability of functional pulse oximetry by department and types of hospital

Department Responses Types of hospital

Primary General + Referral Total

Freq. % Freq. % Freq. %

Pediatric IPD Yes 6 86% 24 96% 30 94%

No 1 14% 1 4% 2 6%

Total 7 100% 25 100% 32 100%

Pediatrics Emergency Yes 1 100% 18 94.7% 19 95%

No 0 0% 1 5.3% 1 5%

Total 1 100% 19 100% 20 100%

NICU Yes 6 86% 24 100% 30 97%

No 1 14% 0 0% 1 3%

Total 7 100% 24 100% 31 100%

Clinical practices of oxygen therapy

To assess the application of oxygen therapy in the selected public hospitals' under-�ve medical records
were reviewed retrospectively every six months. Considering the status of POx application at diagnosis
and any point during admission of 320 medical record review, only 241 (75%) and 266 (83%) of the
children had oxygen saturation measurements using POx at diagnosis and any point after diagnosis
respectively (Fig. 4). As displayed in the graph below, SpO2 measurement at diagnosis has sharply
increased from 10.2% (April 2017) to 75% (December 2019). Similarly, SpO2 measurement at admission
also showed progressive increment from 20.5–83%. The increments also depicted statistically signi�cant
difference both at diagnosis and admission (p-value < 0.001), Fig. 4.

Out of the medical records of 272 children assessed with pulse oximetry at diagnosis or any point during
admission, the majority 210 (77%) were diagnosed with hypoxemia (SpO2 < 90). Of the children with
hypoxemia (210), the majority 191 (91%) were prescribed oxygen at any time (including at diagnosis)
during their stay in PIPD/pediatric emergency. The result was also statistically signi�cant (p-value < 
0.001).

Although there are a sizeable number of hospitals in which the prescriptions did not state �ow rate there
were progressive improvements from the preceding supportive supervisions with a statistically signi�cant
increase from 13–53% (p-value < 0.001).
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In terms of oxygen receiving status, of those children having hypoxemia (SpO2 < 90) at diagnosis or any
point during admission, the result showed that the majority (95%) of them received oxygen. However, it
was only 63% of them were able to receive oxygen at the commencement of the project. This shows that
children with hypoxemia were more or less properly managed. The result was also statistically signi�cant
with (p-value < 0.001), Fig. 5.

Discussions
The �nding of the study documented that the functional availability of oxygen has shown a statistically
signi�cant increase in Pediatric In-patient Department of general and referral hospitals. Similarly, the
functional availability of Pulse Oximetry has shown statistically signi�cant increased. Moreover, clinical
practice, SpO2 measurement at diagnosis and admission has also improved.

Oxygen, as an essential drug, should always be available either with a cylinder or concentrator at all
critical points of care. It is a medical therapy that saves the lives of many for more than a century(20). A
study that assesses health workers perception on the barriers of oxygen therapy for pediatric patients
documented that malfunctioning oxygen cylinders and concentrators, limited or no access to pulse
oximetry and lack of continued professional training were key barriers to the delivery of oxygen therapy
(21). To ensure the availability of medical oxygen, technical and capacity buildings trainings were
provided to health workers and biomedical engineers/technicians in selected public hospitals. This
initiative yields promising results by contributing to the country’s effort in the reduction of deaths due to
pneumonia by increasing access and availability of oxygen. This is witnessed by the functional
availability of oxygen, which has shown a statistically signi�cant increase from 62% at baseline
(December 2015)(19) to 100% in December 2019 at the PIPD of general and referral hospitals (p-value < 
0.001). Moreover, beyond enhancing the availability of medical oxygen, the overall medical oxygen
practice such as prescription rate (72–91%), prescription that states �ow rate (13–53%), oxygen provision
(63–95%) practice have also improved as a result of the interventions of the project.

Pulse oximetry (POx) is a non-invasive device that is used to measure oxygen saturation level in the blood
as a diagnosis of hypoxemia (22). As a standard clinical practice POx should be applied to all admitted
children at least once during admission and for all children with pneumonia. A study reported that the
availability of oximetry has increased the referral rate for severely hypoxemic children with statistically
signi�cant result(23). Cognizant of the importance of POx, training and regular technical supports were
provided to increase access and availability of POx in selected public hospitals. As a result, the functional
availability of POx increased from 45% at baseline (December 2015)(19) to 96% in December 2019 at
PIPD of general and referral hospitals. The increase was also statistically signi�cant (p-value < 0.001).

Various studies suggest that regular technical support and supportive supervision is one of the key tasks
in the management of the health system which is also pertinent to improve the delivery of quality services
(24). More importantly, in low-resource settings, supportive supervisions are pivotal in enhancing the
motivation and performance of health workers in delivering quality services(25, 26). Moreover, another
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study veri�ed that the introduction of supportive supervision as part of capacity building and service
improvement initiatives in countries like Bangladesh, Brazil, Honduras, Kenya, Nepal, and Tanzania, which
have registered promising results in both service quality and providers’ performance (24).

Likewise, our implementation strategies and the results achieved were in line with these. Various
researchers suggested that capacity building with regular support can increase both the performance and
motivation of health workers which in turn ultimately improves the accessibility and quality of service
delivery (24, 27, 28). A systematic review also corroborated that the association between clinical
supervision of health workers and the effectiveness of care(28). The review reported that substantial
improvement in the process and compliance of care associated with enhanced patient health
outcomes(28). This is also in agreement with our results that demonstrated the improvement in the
process of oxygen therapy (such as oxygen prescription, �ow rate and oxygen receiving status) provision
for pediatric patients.

As our �ndings documented that capacity building and regular supportive supervisions were made
throughout the project life; this enhances the availability and functionality of medical oxygen and pulse
oximetry in selected public hospitals. This is substantiated by a recent study that assesses the frequency
of supportive supervision and its dose-response relationship. The study found that an optimum number
of regular supportive supervision has an incremental effect on service delivery improvements(29).

Furthermore, research �ndings also reported that the technical support and supervision of government
biomedical departments strongly facilitated equipment maintenance which substantially augments the
availability of medical oxygen which in turn ultimately enhances quality service provision (20) (30). In line
with this, the project in collaboration with national and regional health bureaus trained and provided
regular technical support to biomedical engineers/technicians which contribute to the availability of
medical oxygen and increase service quality in health facilities.

Limitation Of The Study
Although the selected hospitals were across all the tiers of the health system and represent all regions
and city administrations the hospitals were not selected randomly. Besides, the sample size did not also
follow rigorous sampling and sample size determination procedures. However, almost all hospitals
across each tier and regions have more or less similar settings. Therefore, our �ndings can be
extrapolated for the rest of public hospitals in Ethiopia and to other contexts with similar set-ups.

Conclusions
Based on the intervention results, we can conclude that multifaceted approaches targeting health care
workers capacity, increased device procurement and on-site device maintenance with on-site mentorship
can improve the availability of medical oxygen and pulse oximetry and clinical practice of oxygen therapy
in health facilities. Therefore, ensuring device availability along with regular technical support and close
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follow-up of healthcare workers and facilities are key and the initiative needs to be scaled-up to bring a
large scale improvement and change.
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Figures

Figure 1

Intervention frameworks (the interventions are contributing towards improving health outcomes of
pediatric pneumonia)
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Figure 2

Number of trained BME/Ts on concentrator and POx maintenance by types of hospitals

Figure 3

Trends in the availability of functional oxygen and POx at PIPD in general and referral hospitals
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Figure 4

Status of POx assessment at diagnosis and admission

Figure 5

Trends in oxygen prescription, prescription with �ow rate and oxygen received
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