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LAY SUMMARY  

Globally, pneumonia is the major killer of children under-5 years of age, and 

hypoxaemia, defined by low oxygen saturation in blood, is one of the strongest 

predictors of mortality among children with pneumonia. To address the crucial 

evidence gap, regarding the burden of hypoxaemia among children with pneumonia 

in low- and middle-income countries, I conducted a systematic review and meta-

analysis. I found that overall prevalence of hypoxaemia to be very high, particularly 

among clinically severe or hospitalised children with pneumonia and moderately 

high prevalence was noticed among non-severe pneumonia cases. I further 

conducted a secondary analysis of data extracted from the routine clinical records of 

a secondary level hospital and found that the burden of hypoxaemia among children 

hospitalised with pneumonia is extremely high in Bangladesh. I also found that 

hypoxaemia was one of the strongest predictors of death or referral to a higher-level 

facility. Without rapid identification and prompt management of hypoxaemia, it will 

not be possible to substantially reduce pneumonia-related deaths. Therefore, 

countries with a high burden of childhood pneumonia should prioritise identification, 

referral, and management of hypoxaemia in their policy, programmes, and practice. 

Bangladesh is one of the low- and middle-income countries that has declared its 

commitment to reduce under-5 mortality rates to ≤25 per 1,000 live births by 2030 

and avert all preventable pneumonia-related deaths by 2025. I performed a 

secondary analysis of data from a population-based survey conducted with a 

nationally representative sample of households and my findings revealed that 

Bangladesh has a high burden of childhood pneumonia, causing approximately 
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24,000 under-5 deaths per year. After which I conducted another secondary analysis 

of data from a facility-based survey conducted with a nationally representative 

sample of health facilities in Bangladesh which showed that there were major gaps 

in the availability of pulse oximetry devices and oxygen delivery system in public 

hospitals and health facilities in Bangladesh. Almost none of the primary care health 

centres have pulse oximetry devices, though majority of children with pneumonia 

primarily seek care from such facilities. I also found critical gaps in the availability of 

oxygen sources and the oxygen delivery system in the surveyed facilities. This high 

burden of pneumonia, including hypoxaemia, combined with inadequate readiness 

of the health facilities for managing hypoxaemia, clearly shows the risk faced by 

children in this country, and reveals the evident disconnect between existing policy 

priorities and programme planning. The Government of Bangladesh should consider 

oxygen security as a strategic priority and invest in the oxygen delivery system 

ensuring rapid identification of hypoxaemia through point-of-care diagnostics and 

immediate management by appropriate oxygen therapy.  

Bangladesh was one of the first countries to introduce the WHO recommended 

Integrated Management of Childhood Illness Strategy (commonly known as IMCI) in 

paediatric outpatient settings and nationally scaled-up the services. In Bangladesh, 

IMCI services are the first point of contact with the health system for most children 

with pneumonia, including hypoxaemia. The use of a point-of-care diagnostic tool, 

such as a pulse oximetry device, can improve the provision of hypoxaemia 

identification and the accuracy of pneumonia classification by the health service 

providers. Therefore, since 2014, WHO has recommended introducing pulse 
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oximetry in IMCI services where feasible. Unfortunately, until 2019, the Government 

of Bangladesh did not adopt the WHO recommendation regarding the use of pulse 

oximetry to identify and classify pneumonia. I was involved in a series of discussions 

with the national policymakers of Bangladesh to integrate pulse oximetry into the 

IMCI services. After successfully advocating for updating the National IMCI 

Guidelines, I engaged several national and district level stakeholders to update the 

National IMCI Implementation Package and develop a district model of 

implementation which adopted a health system strengthening approach. I further 

engaged the national and district level stakeholders in conceptualising and 

conducting an implementation research study through real-life demonstrations in 

selected public health facilities. The approach that I adapted for sensitising and 

engaging the stakeholders was comprehensive, context-driven, inclusive, resource-

intensive and time-consuming. It required prioritisation and meticulous planning. 

The process was iterative as I had to repeatedly change and adapt the plan based on 

the changing context (including the COVID-19 pandemic) and respect the 

stakeholder’s preferences and priorities. However, the stakeholder engagement 

process played a decisive role in ensuring government leadership, promoting multi-

partner involvement, and creating a collective sense of ownership regarding 

introducing pulse oximetry in IMCI services in paediatric outpatient settings. 

Government leadership, partnership, and a sense of ownership among stakeholders 

are essential steps toward integrating pulse oximetry, scalability, and sustainability 

into the public health system. Lessons learnt from this exercise can help introduce 

pulse oximetry and relevant interventions in similar contexts and settings.    
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I implemented the district implementation model and demonstrated the 

introduction of pulse oximetry in 12 public facilities in a rural district and conducted 

a series of assessments to assess feasibility based on the WHO’s implementation 

research framework. Furthermore, I conceptualised the questions based on the 

WHO recommended implementation outcome variables and found that the IMCI 

services providers are ready to accept pulse oximetry in their routine practice, can 

successfully conduct pulse oximetry assessments, and obtain a stable SpO2 reading 

with minimum attempts and a relatively short time. However, I observed some 

variability in the pulse oximetry performance across several patient-related, 

provider-related and facility-related factors, and it was poorer among younger 

children, and a few providers performed the procedure less effectively. Although 

some of the IMCI service providers faced some difficulties and challenges, the 

caregivers of the children showed a positive attitude towards the use of this 

technology for assessing their children. These findings indicate the adequacy of the 

training package and district implementation model. They also emphasise the 

feasibility of introducing pulse oximetry in IMCI services in routine outpatient 

settings. The policymakers can capitalise on these encouraging findings and move 

ahead to scale up pulse oximetry in routine outpatient settings through a health 

system strengthening approach. The district implementation model will require 

context-specific adaptation and medication to overcome local barriers and health 

system challenges. Introducing pulse oximetry devices with advanced signal 

strengths in high-volume facilities can help overcome the challenges associated with 

motion artefacts, particularly among younger children. In training and routine 
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monitoring, health managers will need to emphasise adherence to standard 

operating procedures and infection prevention practices. Also, particular importance 

should be given to identify providers who would benefit from targeted monitoring 

and follow-up support. Future research should assess the effectiveness and impact 

of introducing pulse oximetry on managing childhood pneumonia and related 

mortalities.  

Hypoxaemia is also common among several diseases and conditions other than 

pneumonia, such as chronic lung diseases, severe sepsis, meningitis, complications 

of prematurity, trauma, obstetric emergencies, and peri-operative care. Therefore, I 

strongly recommend introducing pulse oximetry in paediatric outpatient settings as 

well as all outpatient emergency and inpatient settings. This comprehensive 

approach will improve the accuracy of diagnosis and quality of management of 

pneumonia and other diseases associated with hypoxaemia. It will also address the 

need for regular monitoring of SpO2 levels in hospital settings to use oxygen correctly 

and efficiently. Moreover, I also emphasise the importance of connecting pulse 

oximetry to a reliable oxygen source and a functioning oxygen delivery system.  

The COVID-19 pandemic has added to the burden of hypoxaemia and revealed the 

pre-existing gaps in the preparedness and readiness of the oxygen system in health 

facilities and hospital settings, especially in low- and middle-income countries with 

limited resources. However, the urgency imposed by the COVID-19 pandemic has 

provided a unique opportunity for the Government of Bangladesh and other 

governments to consider oxygen security as one of the most pressing needs and 
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prioritise investments in pulse oximetry as a point of care diagnostics, reliable oxygen 

sources and functioning oxygen delivery systems to bolster the preparedness for the 

current pandemic and common conditions requiring oxygen therapy, such as 

childhood pneumonia.  

  



page xxxv 

 

ABSTRACT  

Background 

Pneumonia is the leading cause of childhood mortality, accounting for 16% of all 

under-5 deaths globally. Hypoxaemia is common among children with pneumonia 

and one of the strongest predictors of mortality. Since 2014, the World Health 

Organization has recommended introducing pulse oximetry for hypoxaemia 

identification and pneumonia classification in the Integrated Management of 

Childhood Illness (IMCI) services, which is a global strategy developed explicitly for 

outpatient management of common childhood illnesses, including pneumonia, in 

low-resource and high-burden settings by minimally trained health care providers. 

Unfortunately, there are few experiences of introducing pulse oximetry in paediatric 

outpatient settings and integrating it with IMCI services by adopting a health system 

strengthening approach.  

Bangladesh is one of the South Asian countries with high burdens of childhood 

pneumonia and hypoxaemia. Although Bangladesh has adopted the IMCI strategy 

and scaled up it nationally, pulse oximetry is neither recommended nor routinely 

used in IMCI services in Bangladesh. Successful introduction of a generic 

recommendation, technology, or device, like pulse oximetry, in routine services, 

demands an in-depth understanding of the problem and the context, followed by 

context-specific adaptations, demonstrations, and feasibility assessments. Also, it 

requires strategic and extensive engagement with policymakers and stakeholders to 
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promote country ownership and government leadership, which are prerequisites for 

scalability and sustainability.  

Objectives and method 

The overall goal of my PhD is to improve the management of childhood pneumonia 

by introducing and integrating pulse oximetry in routine IMCI services in Bangladesh. 

Furthermore, the aim is to support the Government of Bangladesh in taking an 

evidence-based decision in this regard. Hence, I was engaged in a series of 

discussions with the policymakers of the Ministry of Health and Family Welfare of 

the Government of Bangladesh to understand their perspectives on the existing 

evidence gaps and research priorities for making informed decisions regarding pulse 

oximetry integration. Based on these consultations, I identified my PhD objectives. 

The following table summarises the objectives/research questions and proposed 

research methods. 

Sl 
# 

Objectives and research 
questions 

Study design Output 

A Estimating the burden of hypoxaemia among children with pneumonia 

1.  
What is the burden of hypoxaemia 
among children with pneumonia 
globally? 

Systematic review and 
meta-analysis 

Article published in the 
Lancet Global Health 

2.  
What is the burden of hypoxaemia 
among children with pneumonia 
in Bangladesh? 

Secondary analysis of 
routine health service data 

Article published in the 
Journal of Global Health 

B 
Understanding the context of managing children with pneumonia, including hypoxaemia in 
Bangladesh 

3.  
What is the context of childhood 
pneumonia-related deaths in 
Bangladesh? 

Secondary analysis of a 
national household survey 

Article published in the 
Journal of Global Health 

4.  

What is the status of facility 
readiness regarding the availability 
of pulse oximetry for managing 
childhood pneumonia in 
Bangladesh?  

Secondary analysis of a 
national health facility 
assessment survey 

Article published in the 
BMC Health Services 
Research  

C 
Assessing the Feasibility of introducing pulse oximetry in routine IMCI services in 
Bangladesh  
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Sl 
# 

Objectives and research 
questions 

Study design Output 

5.  
What is the process of integrating 
pulse oximetry in the national 
IMCI implementation package?  

Desk review, stakeholder 
engagement and cross-
sectional survey   

Article published in the 
Journal of Global Health 

6.  

What is the adequacy of the 
training package developed for 
introducing pulse oximetry in 
routine IMCI services in 
Bangladesh?  

Observational study-cross 
sectional survey 

Article published in the 
Journal of Global Health 

7.  

What is the feasibility of 
implementing the district model 
for introducing pulse oximetry in 
routine IMCI services in 
Bangladesh? 

Implementation Research 
-abstraction of data from 
routine registers, 
-observation, 
-re-assessment, 
-exit-interviews   

Article accepted in the 
Lancet eClinicalMedicine 

 

Results 

A. Estimating the burden of hypoxaemia among children with pneumonia 

I conducted a systematic review and meta-analysis by searching 11 bibliographic 

databases and citation indices. I reported pooled prevalence of hypoxaemia 

(SpO2<90%) by classification of clinical severity and by clinical settings by using the 

random-effects meta-analysis models. I identified 2,825 unique records from the 

databases, of which 57 studies met the eligibility criteria: 26 from Africa, 23 from 

Asia, four from South America, and four from multiple continents. The prevalence 

of hypoxaemia was 31% (95% CI, 26 to 36; 101,775 children) among all children 

with WHO-defined pneumonia, 41% (95% CI, 33 to 49; 30,483 children) among 

those with very severe or severe pneumonia, and 8% (95% CI, 3 to 16; 2,395 

children) among those with non-severe pneumonia. The prevalence was much 

higher in studies conducted in emergency and inpatient settings than those 



page xxxviii 

 

conducted in outpatient settings. In 2019, we estimated that over 7 million children 

(95% UR, 5 to 8 million) were admitted to the hospital with hypoxaemic pneumonia.  

I also conducted a secondary analysis of data obtained from icddr,b-Dhaka Hospital, 

a secondary level referral hospital located in Dhaka, Bangladesh. I included 2,646 

children aged 2-59 months admitted with WHO-defined severe pneumonia during 

2014-17. On admission, the prevalence of hypoxaemia among children hospitalised 

with pneumonia was approximately 40% (95% CI, 38 to 42). Hypoxaemia was the 

strongest predictor of mortality (AOR = 11.1; 95% CI, 7.3 to 16.9) and referral 

(AOR = 5.9; 95% CI, 4.3 to 17.0) among other factors such as age, sex, history of fever 

and cough or difficulty in breathing, and severe acute malnutrition. Among those 

who survived, the median duration of hospital stay was 7 days (IQR, 4 to 11) in the 

hypoxaemic group and 6 days (IQR, 4 to 9) in the non-hypoxaemic group, and the 

difference was significant at p<0.001. 

B. Understanding the context of managing children with pneumonia, including 

hypoxaemia in Bangladesh 

I conducted a secondary analysis using data from the 2017-18 round of the 

Bangladesh Demographic and Health Survey (BDHS), which adopts a nationally 

representative sample of households. I included 456 deaths among children under-

5 years of age in our analysis. Descriptive statistics were used to present the causes, 

timing, and places of death with uncertainty ranges (UR). Pneumonia is the major 

killer (19%, 95% CI, 15.3 to 22.7), accounting for approximately 24,268 (UR, 21,626 
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to 26,695) under-5 deaths per year. Among children aged 1-11 months, pneumonia 

accounts for approximately 43% of deaths. 

I further conducted a secondary analysis of the Bangladesh Health Facility Survey-

2017, which was conducted with a nationally representative sample including all 

administrative divisions and types of health facilities. More than 90% of the district 

hospital and sub-district hospitals and three-fourths of primary level health centres 

provide IMCI-based pneumonia management services. Pulse oximetry was 

available in 27% of the district hospitals, 18% of the sub-district level hospitals and 

none of the primary level health centres. Around 72% of the sub-district hospitals 

had the availability of one of any of the four oxygen sources (oxygen concentrators, 

filled oxygen cylinder with flowmeter, filled oxygen cylinder without flowmeter, and 

oxygen distribution system), followed by district hospitals (66%). Almost none of the 

primary level health centres had oxygen sources available on the day of the visit.  

C. Assessing the feasibility of introducing pulse oximetry in routine IMCI 

services 

Based on literature review and expert consultations, I developed a conceptual 

framework, which guided the planning and implementation of a 4-step stakeholder 

engagement process for introducing pulse oximetry in routine IMCI services in 

Bangladesh. In the first step, a comprehensive desk review and key informant 

interviews were conducted to identify stakeholder organisations and score them 

based on their power and interest levels regarding IMCI implementation in 

Bangladesh. In the second step, two national level, two district level and five sub-
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district level sensitisation workshops were organised to orient all stakeholder 

organisations having high power or high interest regarding the importance of using 

pulse oximetry for pneumonia assessment and classification. In the third step, 

national and district level high power-high interest stakeholder organisations were 

involved in developing a joint action plan for introducing pulse oximetry in routine 

IMCI services. In the fourth step, led by a formal working group under the leadership 

of the Ministry of Health, we updated the National IMCI Implementation Package, 

including all guidelines, training manuals, services registers and referral forms in 

English and Bangla. Our engagement process contributed to the national decision 

to introduce pulse oximetry in paediatric outpatient settings and update the 

National IMCI Implementation Package demonstrating country ownership, 

government leadership and multi-partner involvement, which are steppingstones 

towards scalability and sustainability. However, our experience clearly delineates 

that stakeholder engagement is a context-driven, time-consuming, resource-

intensive, iterative, and mercurial process that demands meticulous planning, 

prioritisation, inclusiveness, and adaptability.  

Based on WHO’s global recommendation in 2014, the National IMCI Programme of 

Bangladesh decided to introduce pulse oximetry in routine IMCI services in 2019 and 

developed a short training package for IMCI service providers. They decided to test 

the package in a relatively controlled setting for finalising the content and choice of 

pulse oximetry device before the demonstration in routine outpatient settings and 

subsequent scale-up. A cross-sectional study was conducted among children 

admitted to a rural district hospital. We employed 11 nurses and seven paramedics 
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as assessors who received a one-day training on pulse oximetry. Each assessor 

performed at least 30 pulse oximetry measurements on children with two types of 

handheld devices. The assessors successfully established a stable SpO2 reading in 

all attempts (n=1478) except one. The median time taken was 30 seconds (IQR, 22 

to 42), and within 60 seconds, 92% of attempts were successful. The median time 

was significantly (p<0.0001) higher among assessments conducted with a Lifebox 

device (36 seconds, IQR, 25 to 50) than those with a Masimo device (27 seconds, 

IQR, 20 to 35). Similarly, assessors aged >25 years are 4.8 (95% CI, 1.2 to 18.6) times 

more likely to obtain a stable reading within 60 seconds. Regarding patient-related 

factors, the odds of obtaining a stable SpO2 reading was 2.6 (95% CI, 1.6 to 4.2) times 

higher among children aged 12-59 months than among children aged 2-11 months. 

The National IMCI Programme of Bangladesh designed and developed a district 

implementation model for introducing pulse oximetry in IMCI services through 

stakeholder engagement and demonstrated the model in the Kushtia district by 

adopting a health system strengthening approach. Between December 2020 and 

June 2021, two assessment rounds were conducted based on WHO’s 

implementation research framework and outcome variables in 12 facilities involving 

22 IMCI service providers and 1860 children presenting with cough/difficulty in 

breathing in the IMCI consultation rooms. We observed that IMCI service providers 

performed pulse oximetry on almost all eligible children, of which 99% of 

assessments were successful; 85% (95% CI, 83 to 87) in one attempt and 69% (95% 

CI, 67 to 71) within one minute. The adherence to standards of procedures related 

to pulse oximetry was 92% (95% CI, 91 to 93), and agreement regarding identifying 
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hypoxaemia was 96% (95% CI, 95 to 97). The median performance time was 36 

seconds (IQR, 20 to 75), which was longer among younger children (2-11 months: 44 

seconds, IQR, 22 to 78; 12-59 months: 30 seconds, IQR 18 to 53, p<0.001) and among 

those classified as pneumonia/severe pneumonia than as no pneumonia (41 

seconds, IQR, 22 to 70; 32 seconds, IQR, 20 to 62, p<0.001). We observed 

improvements in all indicators in the second round of assessments. Caregivers 

showed positive attitudes towards using this novel technology for the assessment of 

children. 

Conclusion  

Based on context-specific experience generated through these studies, the 

Government of Bangladesh decided to integrate pulse oximetry into routine IMCI 

services throughout Bangladesh. Furthermore, the learnings synthesised through 

these studies can also help convince the policymakers and managers of other LMICs 

with similar burdens and contexts to introduce pulse oximetry in routine settings 

providing outpatient-based paediatric services and contribute to achieving the target 

of averting all preventable childhood pneumonia deaths by 2025. 
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Chapter 1: INTRODUCTION 

1.1 GLOBAL, REGIONAL AND NATIONAL BURDEN OF CHILDHOOD 

PNEUMONIA 

Despite the remarkable progress in improving child survival in the past two decades, 

global efforts were not enough to reach the target of Millennium Development Goal 

(MDG) 4 which was  two-thirds reduction of under-5 mortality by 2015 from the 1990 

estimate (1, 2). Since the start of the MDG-era, the global under-5 mortality rate 

declined from 93 per 1,000 live births in 1990 to 39 per 1,000 live births in 2017 (3). 

Despite this progress and achievement, an estimated 5.4 million children died in 

2017 before celebrating their fifth birthday with an uncertainty range (UR) of 5.2 to 

5.8 million and the majority of these deaths were due to preventable causes (3, 4). 

Pneumonia is the leading cause of childhood mortality, accounting for 16% of all 

under-5 deaths globally (12.8% among children 1-59 months and 2.7% among 

neonates) (5, 6). In 2015, pneumonia caused an estimated 0.9 million (UR, 0.8 to 1.1) 

under-5 deaths, and the majority of these deaths occurred in low- and middle-

income countries and mainly were preventable (6, 7). Sub-Saharan Africa and South-

East Asia, where coverage of basic health services is low, service availability and 

readiness of health facilities are often inadequate, and quality of care is sub-

optimum, contributed to more than three-fourths of these deaths from pneumonia 

(7, 8). In 2015, the cause-specific mortality among children under-5 years of age due 

to pneumonia was 6.6 per 1,000 live births, with a 95% confidence interval (CI) of 5.8 

to 8.0 (7).  
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In addition to mortality, the incidence of pneumonia and its associated morbidities 

contribute significantly to the global burden of disease (4). Pneumonia also 

contributes indirectly to the global burden of disease through its sequalae. A 

systematic review was conducted (13 studies, 722 children) to estimate the risk of 

long term sequalae of childhood pneumonia and reported that the risk of developing 

at least one major sequelae (restrictive lung disease, obstructive lung disease, 

bronchiectasis) was 5.5% (95% CI, 2.8 to 8.3) among children with pneumonia who 

did not require hospitalization and 13.6% (95% CI, 6.2 to 21.1) among children with 

pneumonia who required hospitalization (9). The study also reported that the risk of 

developing at least one minor sequelae (chronic bronchitis, asthma, other abnormal 

pulmonary function, other respiratory disease) was 1.6% (95% CI, 1.0 to 8.5) among 

children with pneumonia who did not require hospitalization and 7.1% (95% CI, 1.0 

to 13.4) among children with pneumonia who required hospitalization. The 

estimated annual incidence of clinical pneumonia in developing countries was 231 

episodes per 1,000 children years of observation (95% CI, 144 to 377) in 2015, which 

declined from 329 episodes (95% CI, 201 to 537) in 2000 (7). The number of episodes 

of clinical pneumonia among children under-5 years was 138 million (UR, 86 to 226) 

in 2015, which decreased from 178 million (UR, 110 to 289) in 2000 (7). Around 16% 

of these pneumonia episodes were severe (presence of chest in-drawing as one of 

the danger signs) accounting for an estimated 22 million episodes (UR, 18 to 46) of 

severe pneumonia in 2015, a substantial reduction from 28 million episodes (UR, 14 

to 36) in 2000 (7). There were 16.4 million children (UR, 9.8 to 28) who were 
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admitted to hospitals due to pneumonia in 2015, a marked increase from 5.7 million 

(UR, 3.5 to 9.5) in 2000 (7).  

Although significant achievements have been made globally in reducing childhood 

pneumonia incidence and mortality in the past two decades, gaps remain regarding 

the availability, accessibility and quality of services for the management of 

pneumonia in countries with some of the highest burdens (7, 10). In 2009 and 2013, 

the World Health Organization (WHO) and the United Nations International 

Children’s Emergency Fund (UNICEF) published the integrated Global Action Plan for 

Pneumonia and Diarrhoea (GAPPD) and set forth an ambitious goal of ending all 

preventable deaths due to pneumonia by 2025 (pneumonia specific mortality rate 

<3 deaths per 1,000 live births by 2025) (11). The GAPPD report recommended 

adopting an integrated approach and outlined a set of core interventions for 

prevention, protection and treatment of pneumonia and diarrhoea. However, there 

are substantial gaps in achieving high coverage of these core interventions in 15 high 

burden countries contributing 70% of all pneumonia and diarrhoea related deaths 

(10). Only 50% of children in these high burden countries had received exclusive 

breast feeding, 80% received vaccination against Haemophilus influenzae type b 

(Hib3) and 60% received vaccines against streptococcus pneumoniae (PCV). Among 

children with a suspected episode of pneumonia and 49% were taken to an 

appropriate health care provider (10, 12). In 2018, the median GAPPD pneumonia 

score (a composite indicator based on the coverage of core interventions) was 59% 

among these 15 countries, and none of these countries met the target of 84% (10). 

The GAPPD pneumonia score varied from 25% to 78% across these fifteen countries, 
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which reflect the existence of wide between-country-disparities (10). In addition, 

there were issues with inequity as the coverage of these key interventions varied 

significantly by gender, wealth, maternal education and residence (10). Without 

strategic focus, substantial investments and consorted efforts across the global 

health community, achieving the ambition 2025 target of ending preventable 

pneumonia death and 2030 Sustainable Development Goal (SDG) target of reducing 

child mortality to 12 and below per 1,000 live births will be challenging (10, 13).   

Among the 75 countdown which accounted for more than 95% of global maternal, 

newborn and child deaths in 2015, Bangladesh was one of the few countries to have 

reached the MDG-4 target on time (14, 15). However, Bangladesh still suffers from 

one of the highest under-5 mortality rates in the world, which was 45 per 1,000 live 

births according to the latest Bangladesh Demographic and Health Survey conducted 

in 2017 (16). With more than 24,000 deaths in 2015, pneumonia accounted for 

around 19% of all under-5 deaths in Bangladesh (12). Pneumonia specific mortality 

among children under-5 was around 11.7 per 1,000 live births in 2015(12).  

The estimated annual incidence of clinical pneumonia in Bangladesh was 277 

episodes per 1,000 children years of observation (95% CI, 163 to 470) in 2015, which 

was a reduction from 361 episodes (95% CI, 218 to 601) in 2000 (7). It is estimated 

that there were more than 4 million episodes of clinical pneumonia among children 

under-5 years of age in Bangladesh in 2015, of which around 677,000 were severe 

pneumonia episodes (7). The burden of pneumonia and severe pneumonia episodes 

have declined by around 30% between 2000 and 2016 (7).  
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There are substantial gaps in achieving high coverage of core interventions for 

averting pneumonia burden in Bangladesh (10). Although the coverage of key 

vaccines was reasonably high (97% for Hib3 and 97% for PCV), only 55% of children 

had received exclusive breast feeding (10). Among children with a suspected episode 

of pneumonia, and only 42% were taken to an appropriate health care provider (10). 

In 2018, the median GAPPD pneumonia score was 64% in Bangladesh among these 

15 countries, and the country failed to meet the global target of 84% (10). 

A systematic review was conducted in 2013 to identify the risk factors in children 

under-5 years of age for severe acute lower respiratory infections (including 

pneumonia) (17). Low birth weight (odds ratio: 3.2; 95% CI, 1.0 to 9.9), indoor air 

pollution (odds ratio: 1.6; 95% CI, 1.1 to 2.3), lack of exclusive breast feeding (odds 

ratio: 2.7; 95% CI, 1.7 to 4.4), incomplete immunisation as defined by lack of 

immunisation for measles at the end of the first year of life (odds ratio: 1.8; 95% CI 

1.3 to 2.5), crowding as defined by more 7 persons per household (odds ratio: 1.9; 

95% CI, 1.5 to 2.5), underweight (weight for age <standard deviation) (odds ratio: 

4.5; 95% CI, 2.1 to 9.5), stunting (height for age <2 standard deviation) (odds ratio: 

2.6; 95% CI, 1.5 to 4.6), wasting (weight for height <2 standard deviation) (odds ratio: 

2.8; 95% CI, 1.8 to 4.3) and HIV infection (odds ratio: 4.6; 95% CI 2.2 to 9.7) were 

reported to be definite risk factors in that review since they showed consistent 

associations with severe acute lower respiratory infections. Passive smoking, lack of 

maternal education, sex (being male), vitamin D deficiency, preterm birth, anaemia, 

zinc deficiency was reported to be among the risk factors since they showed 

associations in the majority of the studies. On the other hand, day care, birth interval 
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(<24 months), birth order (three or more), vitamin A deficiency and previous history 

of severe acute lower respiratory infections were reported to be possible risk factors 

since they showed sporadic associations across different studies.  

Another systematic review was conducted in 2015 to evaluate risk factors for death 

from acute lower respiratory infections (ALRI) in children in low- and middle-income 

countries (18). Regarding host and disease characteristics, severe pneumonia 

according to WHO classification (odds ratio: 9.2; 95% CI, 6.4 to 13.9), age below 2 

months (odds ratio: 5.2; 95% CI, 1.7 to 16.0), HIV/AIDS (odds ratio: 4.7; 95% 

confidence interval 3.7 to 5.9), and severe malnutrition (odds ratio: 4.3; 95% CI, 3.5 

to 5.5) were reported to be strong risk factors for deaths among children with acute 

low lower respiratory infection. Regarding socio-economic and environmental 

factors, young maternal age (odds ratio: 1.84, 95% CI, 1.03 to 3.31), low maternal 

education (odds ratio: 1.43, 95% CI, 1.13 to 1.82), low socio-economic status (odds 

ratio: 1.62, 95% CI, 1.32 to 2.00), second-hand smoke exposure (odds ratio: 1.52, 

95% CI, 1.20 to 1.93), indoor air pollution (odds ratio: 3.02, 95% CI, 2.11 to 4.31) and 

incomplete immunization (odds ratio: 3.02, 95% CI, 2.11 to 4.31) were reported to 

be prominent risk factors of deaths.  

1.2 PNEUMONIA DEFINITIONS AND CLASSIFICATIONS  

Hippocrates was the first scholar to describe pneumonia in 460-370 BC (19), but the 

clinical and pathological features of pneumonia was first outlined by Laennec in 1819 

(20). The differentiation between lobal-pneumonia and broncho-pneumonia was 

first proposed by Rokitansky in 1842 (21). Today, the definition of pneumonia varies 

substantially based on affected site, clinical severity, aetiology, method of 
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diagnosis/classification, etc. (22). The International Classification of Diseases (ICD) 

lists pneumonia in seven codes (23). In addition, there are three separate codes for 

acute bronchitis, bronchiolitis and unspecified acute lower respiratory infections, 

which share similar clinical features with pneumonia. 

 According to Harrison’s Textbook of Internal Medicine pneumonia is a form of acute 

infection on lung parenchyma caused by various organisms, which fills the alveoli 

with inflammatory cells and fluid, thus makes breathing difficult and limits intake of 

oxygen through respiration (24). Although the text book described the pathologic 

demarcation between lobar- and broncho-pneumonia, it recommends classifying 

pneumonia based upon the causative microorganism (aetiology) (24). However, 

aetiology specific diagnosis and classification of pneumonia will require invasive 

procedures and advanced laboratory support for relevant microbiological and 

serological tests (culture, C-Reactive Protein, PCR, etc); which will be difficult for 

health facilities in resource poor settings to introduce and sustain. Moreover, specific 

microbial aetiology remains unknown in majority of patients (24, 25). Cognisant of 

this reality, WHO recommends classifying pneumonia based on selected clinical signs 

and symptoms (history of cough or difficult breathing, breathing rate, chest 

indrawing, stridor, wheeze) (26, 27). In addition to this, WHO recommends other 

pneumonia classification based on chest radiograph findings (28) and the 

International Classification of Diseases (ICD) (23). 
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1.3 CURRENT STATUS AND TREND IN THE AETIOLOGY OF CHILDHOOD 

PNEUMONIA 

A number of infectious agents including bacteria, virus and fungi can cause 

pneumonia. Streptococcus pneumoniae and Haemophilus influenzae type b (Hib) are 

the main bacterial causes of pneumonia (29-35). Among other bacterial causes S. 

aureus, non-typable Haemophilus influenzae, Mycoplasma pneumonae, Moraxella 

catarrhalis, etc. are notable (29, 32, 34, 36-38). Respiratory syncytial virus (RSV) is 

the main viral cause of pneumonia (including bronchiolitis), followed by rhino, 

adeno, influenza A and B, parainfluenza, corona, boca, human metapneumovirus 

and adenovirus (39-44). However, the majority of these estimates predates the 

introduction of pneumococcal conjugate vaccine (PCV) and Hib vaccine in countries 

with high burden of pneumonia.  

The introduction of PCV in national immunization programmes resulted in significant 

reduction in incidence and severity of pneumonia in high-income countries and some 

of the Latin American countries (45-47). Subsequently, RSV and other viruses 

became the major pathogens causing pneumonia among children in these countries 

(48, 49). A study estimating the effect of PCV and Hib vaccine in developing countries 

through the LiST based modelling exercise reported 4% reduction of clinical 

pneumonia, 6% reduction of severe pneumonia and 18% reduction of radiologically 

confirmed pneumonia due to Hib vaccine, and 7% reduction of clinical pneumonia, 

7% reduction of severe pneumonia and 26% reduction of radiologically confirmed 

pneumonia due to PCV (50). However, there is paucity of evidence regarding 

pneumonia aetiology after introduction of PCV and Hib vaccine in Africa and South 
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Asia, where majority of global pneumonia burden is concentrated in. Several studies 

are being conducted in some of high burden countries to address this key evidence 

gap. Of which, the most notable is the Pneumonia Aetiology Research for Child 

Health (PERCH) project which aims to evaluate the etiologic agents causing severe 

pneumonia in children from 7 developing countries with diverse contexts and 

settings (51). Although the final results of this multi-country study are yet to be 

published, a pilot study from one of the PERCH study sites reported bacterial and 

viral aetiology of children hospitalized with lower respiratory infection (pneumonia 

and bronchiolitis) (52). The pathogens were detected in nasopharyngeal specimens, 

induced sputum, blood, or urine. At least one pathogen was detected from 88% of 

cases. A bacterial pathogen was detected in 23% of cases and a viral pathogen was 

detected in 83% of cases. Out of all the pathogens detected in the pilot study, around 

32% were RSV, and 24% were rhinovirus. Less than 2% pathogens were 

Streptococcus pneumoniae and only 4% were Haemophilus influenzae. Another study 

conducted in a South African site showed a high coverage of PCV and Hib vaccine. 

(53). RSV and Influenza (A, B and C) were reported to be the major contributor of 

pneumonia instead of Streptococcus pneumoniae and Haemophilus influenzae. B. 

pertussis was reported to be one the major bacterial pathogens in that study.  

1.4 GLOBAL, REGIONAL AND NATIONAL STRATEGIES TO PREVENT, 
PROTECT AND TREAT CHILDHOOD PNEUMONIA 

For outpatient management of common childhood illnesses, including pneumonia, 

the global recommendation is to adopt the Integrated Management of Childhood 
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Illness (IMCI) strategy in low-resource settings where the under-5 mortality rate is 

more than 40 per 1,000 live births (54, 55).  

IMCI is a global strategy which was developed by the Department of Child Health and 

Development of World Health Organization (WHO) in collaboration with other WHO 

programmes and United Nations Children’s Fund (UNICEF) in the mid-1990s to 

reduce the morbidity and mortality of under-5 children (56). IMCI is designed to 

address the major causes of childhood deaths (acute respiratory infections (ARI), 

diarrhoea, measles, malaria, malnutrition, etc.) through an integrated approach as 

sick children often present with signs and symptoms that are related to more than 

one condition or they have more than one condition (54, 55, 57). In health facilities, 

the IMCI strategy promotes the accurate identification of childhood illnesses in 

outpatient settings, ensuring appropriate combined treatment of all major illnesses, 

strengthening of the counselling of caretakers and the provision of preventive 

services, speeding up the referral of severely ill children and improving the quality of 

care of sick children at the referral level (26, 54, 55, 57, 58). In the home setting, it 

promotes appropriate care seeking behaviours, improved nutrition and preventive 

care, and the correct implementation of prescribed care (26, 54, 55, 57, 58). The 

following are the three basic pillars of the IMCI Strategy (59, 60):  

➢ Improving skills of health workers through the provision of training, locally 

adapted case management guidelines and activities to promote their use;  

➢ Strengthening health system’s effective management of childhood illness, 

including supervision and supply;  
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➢ Improving family and community practices 

The IMCI strategy focuses on improving quality of outpatient care at first-level health 

facilities by introducing an algorithm-based clinical classification and management 

system in settings where health service providers with minimum knowledge, training 

and experience must manage sick children with limited resources (26, 54, 55, 58). 

The clinical algorithm of IMCI guides a service provider to follow a step-by-step 

approach in history taking, clinical assessment, classification of the illness and 

treatment for a sick child (26).  

Effective implementation of the IMCI guidelines has demonstrated an increase in the 

use of health services, improvements in health workers performance and quality of 

care, reduction in irrational use of drugs including antibiotics and decline of 

childhood mortality (13% to 70%) in countries with limited resources (61-69). It is 

now being implemented in more than 100 countries across all WHO-regions and 

continents, of which approximately two-thirds have achieved national coverage of 

more than 90% districts (58, 70). Although IMCI has been implemented in a large 

proportion of their districts in many countries, few have achieved full national scale 

up (58). Despite the high reported implementation in many of these countries, IMCI 

strategy is yet to benefit the children who are most in need as coverage of IMCI is 

the lowest in high mortality countries and settings (58). 
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1.5 RECOMMENDATIONS FOR USING PULSE OXIMETRY IN 

CLASSIFICATION AND MANAGEMENT OF CHILDHOOD PNEUMONIA 

The previous IMCI guidelines (published in 2008) recommend that any child 

presenting with cough or difficult breathing should be assessed clinically for the 

presence of any danger sign, chest indrawing, stridor, wheezing; and would be 

classified as one of the followings (Figure 1.1) (71): 

1. ‘Severe Pneumonia/Very Severe Disease’  

2. ‘Pneumonia’ 

3. ‘Cough or Cold’ 

This implies that, according to the previous IMCI guidelines any child (2 months to 

59 months) presenting with any danger sign or chest indrawing, or stridor would be 

classified as ‘Severe Pneumonia/Very Severe Disease’, and therefore, would be 

urgently referred to a hospital after giving the first dose of an appropriate antibiotic. 

According to the WHO Pocket Book of Hospital Care for Children, ‘Severe 

Pneumonia/Very Severe Disease’ cases would require inpatient care and should be 

treated with injectable antibiotics with other supportive care (27).  
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Figure 1.1: Assessment and classification of children aged 2-59 months presenting with cough or 
difficult breathing according to the IMCI guidelines 20 (adopted from IMCI Chart Booklet 2008) 

Source: http://apps.who.int/iris/bitstream/handle/10665/43993/9789241597289_eng.pdf?sequence=1  

The sensitivity of the previous definition of ‘Severe Pneumonia/Very Severe Disease’ 

was very high but it had issues with low specificity. This resulted in over referral of 

‘Severe Pneumonia/Very Severe Disease’ cases to the hospital for inpatient care, 

which gave rise to the following concerns:  

Firstly, in appropriate referral and inpatient care create additional health system 
burden for relevant logistics and supplies and substantially raises the cost of health 
care (72).  

Secondly, over-referral contributes to over-crowding in referral facilities and may 
cause substantial delay for other severe cases to receive appropriate care. It may 
also cause disproportionate allocated and utilization of life saving commodities 
(antibiotics, oxygen, etc.), thus creating barriers to providing appropriate care to the 
more severe cases.  

Thirdly, Injectable antibiotics may increase the risk of cannula sites of infections and 
transmission of infections through contaminated needles (73).  

Lastly, children who have been referred for inpatient management might not reach 
the hospitals due to various demand-side barriers and challenges related to 
transportation (74, 75).  

In order to address the above-mentioned challenges, it was imperative to reassess 

the validity of ‘severe pneumonia’ classification as outlined in the previous IMCI 
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http://apps.who.int/iris/bitstream/handle/10665/43993/9789241597289_eng.pdf?sequence=1
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guidelines (2008). Prognostic value and treatment options for different signs of 

‘severe pneumonia’ including chest indrawing required a critical evaluation.  

Addo-Yobo et al and Hazer et al. (NO-SHOTS Study) conducted a randomized 

controlled trial to evaluate the effectiveness of treating children with chest 

indrawing as the only sign of illness with home-based oral antibiotics. Although there 

are some concerns regarding the overall quality of these studies, both reported that 

the treatment failure rate among children who were treated with oral antibiotics was 

non-inferior to the treatment failure rate with parenteral antibiotics. Based on these 

two studies and other relevant evidence (76-80), WHO published an evidence 

summary regarding the classification and treatment options for pneumonia 

management (81, 82). Subsequently, IMCI guidelines were revised in 2014 through 

an expert consultation process (26).  

The new IMCI guidelines (2014) recommends that any child (2 months to 59 months) 

presenting with fast breathing or chest indrawing (and no other danger signs) should 

be classified as ‘Pneumonia’, and would be treated through home-based 

management with oral antibiotics (amoxicillin for five days) (26) (Figure 1.2). In 

addition to other changes in the management to malnutrition, this was the most 

significant shift from the previous classification and treatment recommendation for 

pneumonia management (26, 71). Previously, any child with chest indrawing would 

be classified as ‘Severe Pneumonia’, therefore would have been urgently referred to 

the hospital (71). 
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Figure 1.2: Assessment and classification of children age 2-59 months presenting with cough or 
difficult breathing according to the IMCI guidelines 20 (source: IMCI Chart Booklet 2008) Clinical 
assessment and classification of children age 2-59 months presenting with cough or difficult 
breathing according to the IMCI guidelines 2014 (adopted from IMCI Chart Booklet 2014) 

 
Source: https://apps.who.int/iris/bitstream/handle/10665/104772/9789241506823_Chartbook_eng.pdf  

 

An illustrative comparison of the 2008 and 2014 version of IMCI guidelines is 

presented in Figure 1.3.  
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https://apps.who.int/iris/bitstream/handle/10665/104772/9789241506823_Chartbook_eng.pdf
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Figure 1.3: Difference in classification and treatment of children aged 2-59 months presenting with 
cough or difficult breathing according to the IMCI guidelines (2008 vs. 2014) (adopted from the WHO 
evidence summary) 

 

Source: https://apps.who.int/iris/bitstream/handle/10665/137319/9789241507813_eng.pdf  

According to the WHO (2014) and Bangladesh adapted IMCI guidelines (2017), the 

pneumonia cases should be managed through home-based treatment with oral 

antibiotics for five days. All locally managed ‘Pneumonia’ cases are asked to come 

back on day 3 for scheduled follow up visits (26, 83) (Figure 1.4). IMCI guidelines 

recommend that the service providers should advise the mother/primary care giver 

about danger signs and the need to return to the health facility with the child 

immediately if there is a reappearance of any danger sign within this period (Figure 

1.4).  
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Figure 1.4: Instructions of the mother when to return to health worker (adopted from IMCI Chart 
Booklet 2008)  

 

Although the WHO has now recommended considering chest in-drawing (without 

any danger signs) as a sign of ‘pneumonia’ (instead of ‘severe pneumonia’) according 

to the 2014-IMCI Guidelines, a systematic review on management of severe 

pneumonia with chest in-drawing reported an average treatment failure rate of 8.5% 

on day 6 (95% CI, 5.9%-11.5%) (77, 80, 84-86). Around half of the treatment failure 

cases (4%) still had chest indrawing on day 6 (84). The treatment failure rates varied 

between as low as 6.4% in Ghana and as high as 18% in Pakistan among the different 

studies (77, 80, 84). This implies that some of the ‘Pneumonia’ cases with chest 

indrawing would require inpatient care with special support (as recommended by 

WHO in 2014), although it depends on the validity (mostly specificity) of treatment 

failure definitions.   

There has been significant debate regarding the best prognostic factor including 

clinical signs and symptoms that can be used in routine care to assess the severity of 

pneumonia and identify children with a higher risk of morbidity and mortality due to 

pneumonia (17, 87-90). There are also issues regarding the validity of assessment by 
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health service providers and recall by caregivers of sick children regarding these 

clinical sign and symptoms. IMCI classifications greatly depend on the clinical 

assessment skills of service providers. Different studies have reported that there can 

be subjective variations in assessment of different clinical signs (danger sings, fast 

breathing and chest indrawing) by IMCI trained service providers which subsequently 

may lead to misclassification (such as ‘Severe pneumonia’ classified as ‘Pneumonia’), 

inappropriate referral (under or over referral) and eventually treatment failure for 

locally managed pneumonia cases (91-94). As IMCI is designed to be used in 

resource-limited outpatient settings through health care providers with minimum 

training and clinical experience, the risks of potential errors in clinical assessment 

and classification are substantial. Regarding the recall of pneumonia related clinical 

symptoms by caregivers, the validity (both sensitivity and specificity) is reported to 

be low (95). Therefore, identifying another valid and reliable prognostic factor which 

can be integrated into the routine IMCI services holds paramount importance.   

Hypoxaemia (SpO2<90%) is one of the strongest predictors of mortality due to acute 

lower respiratory infections including WHO classified pneumonia in comparison to 

other clinical signs. A systematic review (12 studies on 13,936 children) reported that 

hypoxaemia (SpO2<90%) was associated with increased odds of death from acute 

lower respiratory infections (odds ratio 5.47, 95% confidence interval 3.93 to 7.63) 

(90, 96). The review also reported that among children with pneumonia according to 

the WHO classification, the odds of dying is also 5-times higher (odds ratio 5.06, 95% 

95% confidence interval 3.79 to 6.76) among those who had hypoxaemia. 

Hypoxaemia is also common among children with pneumonia as another systematic 
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review conducted in 2008 (21 studies, more than 16,000 children) reported that 13% 

(IQR 9.3-37.5%) of all children with pneumonia according to the WHO classification 

(including pneumonia and severe pneumonia) had hypoxaemia (97). The prevalence 

of hypoxaemia ranged from 3·69% to 80·00% among severe cases and from 6·35% 

to 100% among very severe cases. The review also reported that hypoxaemia was 

present in 0.69 to 17.14% non-severe cases (97). Although specific estimates are not 

available among neonatal pneumonia cases, the prevalence of hypoxaemia ranged 

from 18% to 23% among neonates requiring hospitalization as reported in different 

studies (98-102). Another systematic review conducted in 2001 (17 studies, more 

than 4,000 children) reported that the prevalence of hypoxaemia was 43% among 

children with clinical pneumonia. It was much higher (73%) among children with 

radiologically confirmed pneumonia.  

Integration of SpO2 assessment in existing IMCI services can significantly improve the 

accuracy of assessment of hypoxaemia and increase the validity (accuracy) of 

pneumonia classification (90, 97). In response to the need and global evidence, WHO 

has recommended measuring SpO2 in routine IMCI services (26, 82). According to 

the updated IMCI guidelines (2014), any sick child having SpO2<90% should be 

immediately referred for inpatient management irrespective of the clinical 

classification (described in Figure 1.5) (26).  
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Figure 1.5: Addition of pulse oximetry to take referral decision in patients with cough or difficult 
breathing in the IMCI guideline 2014 (source: IMCI Chart Booklet 2008)  

 

Source: http://apps.who.int/iris/bitstream/handle/10665/43993/9789241597289_eng.pdf?sequence=1  

1.6 PRINCIPLES OF PULSE OXIMETRY AND ITS ROLE IN DETECTION OF 

HYPOXAEMIA 

The Gold Standard for measurement of oxygen saturation in blood is Arterial Blood 

Gas (ABG) analysis. However, this is invasive, painful, time-consuming and resource 

intensive. Therefore, it is not useful for point of care diagnostics and not feasible to 

integrate into primary care settings with a high volume of patients and limited 

resources. Use of respiratory and non-respiratory clinical signs as predictors of 

hypoxaemia is feasible in primary care settings but there are major concerns 

regarding the validity and reliability of these predictors. A systematic review 

reported that none of the clinical signs was a reliable predictor of hypoxaemia (103). 

The review reported that the specificity of fast breathing (>70 breaths per minute) 

was 70-100% but the sensitivity was only 4-57%. Reducing the cut-off to 60 or fewer 

breaths per minute may increase the sensitivity but it also reduces the specificity 

substantially. Similarly, the specificity of central cyanosis was higher than that of 
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http://apps.who.int/iris/bitstream/handle/10665/43993/9789241597289_eng.pdf?sequence=1
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clinical signs, but its sensitivity was only 9-42%. Severe chest in drawing as a clinical 

sign was not found to be a reasonable predictor of hypoxaemia (103). On the other 

hand, pulse oximetry is a non-invasive device which can be used as a point of care 

diagnostics to obtain a reasonably accurate measurement of oxygen saturation of 

blood. Appropriate use of pulse oximetry along with reliable oxygen sources in 

district hospitals in developing countries can reduce pneumonia related mortality by 

35% (104, 105). The Pneumonia Series published by the Lancet in 2013 outlined four 

opportunities for further acceleration of progress towards averting global 

pneumonia burden in low- and middle- income countries (106). Introduction of pulse 

oximetry in places with intermittent power was identified as one of the new products 

or technologies which could improve the diagnostics capacities and promote 

appropriate treatment of pneumonia. One of the other papers it the series identified 

pulse oximetry together with oxygen therapy with an assured oxygen supply from 

oxygen concentrators as one the potential cost effective intervention to address 

deaths due to children pneumonia (107).  

Pulse oximetry estimates the oxygen saturation of haemoglobin in arterial blood 

through spectrophotometry. The sensor of the pulse oximetry has a light emitter 

diode, a photo-detector diode and a processor. The light emitter diode emits light of 

two wavelengths i.e., infrared 910-940 nm and red 650-660 nm. The photo-detector 

diode absorbs the infrared and red light. The processor estimates the oxygen 

saturation by measuring the quantity of infrared light and red light emitted from the 

light emitter diode and received by the photo-detector diode (108). 
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Pulse oximeters based on Aoyagi's theory are still used in modern times, albeit as 

conventional ones with certain drawbacks, such as difficulty monitoring moving or 

unstable patients (109). Furthermore, with low or inadequate perfusion, these 

traditional pulse oximeters misread patient monitoring. It has other drawbacks, such 

as interacting with visible and infrared light sources. To overcome these drawbacks, 

Masimo Corporation launched its next-generation Single Extraction Technology (SET) 

at the turn of the millennium, which is now wide-speeded and at the heart of 

modern-day pulse oximetry (110). Masimo's SET pulse oximetry now efficiently 

provides continuous monitoring of the patient's SpO2 during demanding clinical 

situations of movement and poor tissue perfusion (111). 

Self-contained fingertip, Portable handheld, and Tabletop pulse oximeters are the 

three types of pulse oximeters available considering their application. Tabletop pulse 

oximeters outperform the other two varieties in terms of reliability, validity, 

accuracy, and feasibility, and are recommended for secondary to tertiary level health 

facilities/clinical settings. Primary and secondary health centres, as well as 

outpatient departments, can benefit from portable handheld pulse oximeters which 

can be used for both spot checking as well as continuous monitoring of SpO2. 

Whereas self-contained fingertip pulse oximeters can be used for spot checking of 

SpO2 on adults or children, if a paediatric model for an appropriate weight range is 

used. However, World Health Organization (WHO) does not recommend using self-

contained fingertip pulse oximeters on neonates (112). Based on the design and 

application, Figure 1.6 depicts three different types of pulse oximeters. 
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Figure 1.6: Three types of a pulse oximeters according to their application and design 

 
Source: https://apps.who.int/iris/bitstream/handle/10665/329874/9789241516914-eng.pdf?sequence=1&isAllowed=y  

 

The sensor of the pulse oximetry is placed in a relatively translucent part of the body, 

such as a finger point or an ear lobe. The light emitter emits lights. The oxygenated 

haemoglobin allows red light to pass through, but absorbs infrared light, whereas 

deoxygenated haemoglobin allows infrared light to pass through but absorbs red 

light (108, 113, 114). The ratio of absorbed red to infrared light indicates the degree 

of oxygenation of the blood. With every cardiac beat (pulse), blood flow/volume to 

the artery increases, which in-turn increases the light absorption by a photo-detector 

diode, creating “waveform”. Thus, the term “pulse o imetry” refers to the 

observation of this peak blood flow with each pulse. The o imetry displays the SpO2 

together with an audible signal for each pulse beat, a pulse rate and, in most recent 

models, a graphical display of the blood flow as it passes the probe. 

The first device to measure the blood oxygen saturation using a non-invasive 

technique was built by Karl Matthes in 1935. The World War-II boosted the evolution 

of pulse oximetry as it was required to monitor the blood oxygen saturation level of 

https://apps.who.int/iris/bitstream/handle/10665/329874/9789241516914-eng.pdf?sequence=1&isAllowed=y
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air-plane pilots flying at high altitudes (115). The first complete reading pulse 

oximetry was built by Robert Shaw in 1964, which was made commercially available 

by Hewlett-Packard in 1970. However, due to its large size and high cost, the use of 

this device was limited to highly sophisticated cardiac catheter laboratories (114). 

The next generation of pulse oximetry was built by Takuo Aoyagi and Michio Kishi in 

1970 using dye-dilution techniques and through the development of photo-

plethysmogram (114, 116). The first pulse oximetry suitable for both in-patient and 

out-patient use was built by Bill New in 1983 (115). 

One of the major limitations of pulse oximetry was motion artefact as it led to an 

inaccurate estimation of blood oxygen saturation level. The earlier models of pulse 

oximetry devices could not also differentiate between venous and arterial blood 

during movements of the limb attached to the sensor, which resulted in an 

underestimation of SpO2 (117, 118). In 1996 Masimo developed a pulse oximetry 

which could accurately estimate SpO2 during low perfusion or periods of patient 

movement using the Signal Extraction Technology, which is now widely used globally 

in diverse settings (119, 120).  

1.7 GAPS IN EVIDENCE OF USING PULSE OXIMETRY IN RESOURCE LIMITED 

SETTINGS  

Handheld pulse oximetry has made a significant contribution to the non-invasive 

monitoring of SpO2 in a wide variety of clinical situations (121). It allows for 

continuous, safe and reliable measurements of SpO2 while avoiding the discomfort 

and risks of arterial puncture (108). However, service providers require specific 
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training and instructions regarding appropriate use of pulse oximetry in clinical 

settings. 

Pulse oximetry as an intervention has great potential to reduce neonatal and 

childhood mortality by early detection of hypoxaemia (122, 123). However, the 

majority of global evidence related to the use of pulse oximetry is from high-income 

countries for a variety of clinical conditions. There is some evidence related to the 

use of pulse oximetry in resource poor-settings for improving the quality of 

paediatric services (124-129). One demonstration study conducted in two first-level 

referral facilities of Bangladesh showed that introduction of pulse oximetry for 

inpatient management of paediatric sepsis resulted in near universal adoption of 

pulse oximetry (assessment of SpO2) by on-duty nurses, which substantially 

improved quality of care and treatment outcomes (124). Another study conducted 

in 18 health centres and among 38 community health workers in rural Malawi 

demonstrated that SpO2 status was successfully obtained for 94% of children after 

introduction pulse oximetry (127). The study also reported that there was moderate 

agreement (weighted kappa=0.41) regarding measurement of SpO2 between routine 

health service providers (comparator) and the paediatric pulmonologist (gold 

standard). Introduction of pulse oximetry in IMCI services resulted in significant 

reduction of misclassification of ‘Pneumonia’ as 69% of hypoxaemic (SpO2<90%) 

children at the study centres would have been considered ineligible for referral in 

the absence of pulse oximetry (127). Health service providers participating in that 

study also reported several operational challenges regarding the use of pulse 

oximetry, of which maintenance of the pulse oximetry battery, probe size and fittings 
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and movement of children were the major issues. Similar operational barriers and 

challenges were reported by another qualitative study conducted in Bangladesh and 

Malawi (2016) (128). Another study conducted in Pakistan looked at the feasibility 

of introducing pulse oximetry in IMCI services (129). The study workers established 

stable SpO2 readings within 1 minute among 95% of children assessed (median time 

44 seconds). The study also explored the acceptability of introducing pulse oximetry 

among parents and guardians of children undergoing routine SpO2 assessments in 

primary care centres. Almost all the parents/guardians reported that SpO2 

assessment was useful to check the status of their babies and they were satisfied 

with the routine SpO2 assessment. Several other studies and reviews reported 

experiences and challenges associated with the use of pulse oximetry in different 

contexts (130, 131).  

Although all these studies provide crucial evidence in support of introducing pulse 

oximetry in improving the quality of paediatric service in resource-poor settings, 

some of these studies predate the recent WHO recommendations regarding IMCI 

guidelines (2014) and most of these experiences are from resource-intensive 

demonstration projects, from controlled research environments or for inpatient 

paediatric care. None of these studies specifically looked at the feasibility and 

effectiveness of introducing pulse oximetry in IMCI services through routine 

providers.  

There are several health systems barriers and operational challenges associated with 

introducing new technology (like pulse oximetry) in developing country settings. 
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Moreover, the characteristics of public health systems in each country are different 

and might present a unique set of context specific issues and challenges. Hence, 

feasibility testing plays an important role in the introduction and adaptation of new 

tools/technologies in routine services in public health settings (129, 132-134).  

1.8 PUBLIC HEALTH SYSTEM IN BANGLADESH 

The People’s Republic of Bangladesh is a low-middle income country with per capita 

GDP of $1,516 (in 2017), and a land area of 147,547 square kilometres (135, 136). 

Currently, the country has around 160 million population and is one of the most 

densely populated countries in the world (1,174 people per square kilometre)(136). 

Administratively, the country is divided into seven divisions, which are further 

divided into 64 districts (zilas). The districts are divided into sub-districts (Upazilas), 

with a total of 492 sub-districts with an approximate population of 250,000 to 

300,000 each). Sub-districts are divided into unions (total of about 4554 with 

approximate population 25,000 to 30,000 each), which consist of numerous wards 

and villages.  

The health service in Bangladesh is governed by the Ministry of Health and Family 

Welfare (MOHFW) through two divisions: (i) Health Services Division and (ii) Medical 

Education and Family Welfare Division (137). Health Services Division is responsible 

for clinical and public health service delivery and related activities. Medical 

Education and Family Welfare Division is responsible for family planning services, 

nursing services, medical education services and services related to research and 

training for professional and service development. There are 5 regulatory bodies and 

9 implementing agencies under MOHFW (137). The regulatory bodies are as follows: 
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Bangladesh Medical and Dental Council, Bangladesh Nursing Council, State Medical 

Faculty, Homeo, Unani and Ayurvedic Board, and Bangladesh Pharmacy Council. The 

implementing agencies are as follows: Directorate General of Health Services 

(DGHS), Directorate General of Family Planning (DGFP), National Institute of 

Population Research & Training (NIPORT), Directorate General of Drug 

Administration (DGDA), Directorate General of Health Economics Unit, Directorate 

General of Health Engineering Department, Directorate General of Nursing and 

Midwifery (DGNM), Transport & Equipment Maintenance Organization (TEMO), and 

National Electro-medical & Engineering Workshop (NEMEW) (137).  

DGHS and DGFP are primarily responsible for providing health and family planning 

services in Bangladesh through different types of public health structures and health 

care providers. The healthcare infrastructure under MoHFW is in six tiers: national, 

divisional, district, Upazila (sub-district), union, and ward. At the national level and 

divisional levels, there are post-graduate institutes and undergraduate medical 

college hospitals (tertiary care referral hospitals). In each district, there is a district 

hospital which is a secondary level referral hospital with 100-200 in-patient beds. 

Each district hospital is staffed with Specialist Doctors (Senior and/or Junior 

Consultants for Medicine, Surgery, Gyn-Obs, Paediatrics, Eye, ETC, Radiology, etc.), 

Medical Officers and Nurses. In each sub-district, there is an Upazila Health Complex 

(UHC) which is the primary level referral hospital with 50 in-patient beds. Each UHC 

hospital is staffed with Specialist Doctors (Medicine, Survey, Gyn-Obs and 

Paediatrics-occasionally), Medical Officers and Nurses.  At the union level, there are 

Union Health and Family Welfare Centres (UH&FWCs) which are primary care 
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facilities offering outpatient services only. Each UH&FWC is staffed with a Sub-

Assistant-Community-Medical-Officers (SACMO) with 4 years of pre-service para-

medic clinical training and a Family Welfare Visitor (FWV) with 18 months of pre-

service reproductive health training. The SACMO is responsible for basic preventive 

and curative care for the general population including children. The FWV is 

responsible for basic reproductive and maternal health services. In addition, there is 

a large network (#13,907) of Community Clinics (CC) at the ward/village level with a 

catchment population of 6,000-10,000, which often serve as the first point of contact 

for the provision of primary care. The CCs are primarily served by a Community 

Health Care Provider (CHCP) with 3 months of in-service basic training and are mainly 

responsible for delivering primary healthcare services, treatment for common 

diseases (pneumonia, fever, cough, etc), basic family planning services and health 

education to the catchment population. Some of the community clinics have also 

started providing normal delivery services.  

Apart from regular health services, MOHFW runs multiple projects for the 

development of the services under different agencies in collaboration with 

development partners. The 1st sector wide approach (SWAp) plan was started in 

1998 replacing many isolated projects and vertical initiatives. The idea was to create 

a sustainable plan for developing a comprehensive healthcare service in Bangladesh 

which should be in alignment with the five-yearly development programme by 

Planning Commission and National Health Policy, and which would contribute to 

achieving the global commitments such as MDGs, SDGs. Currently, the 4th health 

sector programme 2017-2022 (Health Population and Nutrition Sector Program, 
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HPNSP) is underway. There are 29 Operation Plans in the 4th HPNSP which are 

distributed across different directorates (DGHS #14, DGFP #7, MOHFW #5 DGDA #1, 

DGNM #1, and NIPORT#1). Each Operation Plan is led by a Line Director and has a 

functional administrative structure, including staff, budget and infrastructure. There 

are two Operation Plans which are directly linked to improving child health services 

in Bangladesh, including IMCI services. One of the Operation Plans is led by DGHS 

and another one is led by DGFP. Figure 1.7, 1.8 and 1.9 present a more detailed 

description of the public health systems and structures in Bangladesh.  

Figure 1.7: Public administrative structure in Bangladesh  
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Figure 1.8: Public health service delivery system in Bangladesh  

 
UHC: Upazila Health Complex; UH&FWC: Union Health & Family Welfare Centre; MCWC: Mother & Child Welfare 
Centre 

 

Figure 1.9: Health service providers in public health service delivery system in Bangladesh  

 

DGHS: Directorate General of Health Services; DGFP: Directorate General of Family Planning; RMO: Resident 
Medical Officer; MO: Medical Officer; MT: Medical trainee; UHFPO: Upazila Health and Family Planning Officer; 
SACMO: Sub-Assistant Community Medical Officer; CHCP: Community Heath Care Provider; HA: Health Assistant; 
CSBA: Community Skill Birth Attendance; UFPO: Upazila Family Planning Officer; MO-MCH: Medical Officer of 
Maternal and Child Health; FWA: Family Welfare Assistant; FWV: Family Welfare Visitors 
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Table 1.1: Bangladesh public health system structures, types of health facilities and health care 
providers  

Levels 
Health 

Systems 
Tiers 

Health Facility 
Types of 
Services 

Health Service Provider 

National Tertiary 
Level-
Referral 

DGHS: Post Graduate 
Institute and 
Hospitals (#39) 

Curative Consultants, Medical 
Officers and Nurses  

DGFP: Family 
Planning Institutes 
(#3) 

Curative Consultants, Medical 
Officers, FWVs  

Division  
(#8) 
Ave Pop: 22.5 
million  

Tertiary 
Level-
Referral 

DGHS: Medical 
College (# 36) 

Curative Consultants, Medical 
Officers and Nurses  

DGHS: Specialized 
Hospital (#28) 

Curative Consultants, Medical 
Officer and Nurses 

District  
(#64) 
Ave Pop: 2.5 
million  

Secondary 
Level-
Referral 

DGHS: District 
Hospital (#64) 

Curative Consultants, Medical 
Officers Nurses 

DGHS: General 
Hospital (#9) 

Curative Consultants, Medical 
Officers and Nurses 

DGFP: MCWC (#62) Curative Medical Officers and 
FWVs 

Sub-district/ 
Upazila (#492) 
Ave Pop: 
320,000  

Primary 
Level- 
Referral  

DGHS: UHC (#424) Curative Consultants, Medical 
Officers, Nurses and 
SACMOs 

DGHS: Other Hospital 
at Upazila Level (#62) 

Curative Consultants, Medical 
Officers, Nurses and 
SACMOs 

DGFP: MCWC (#12) Curative Medical Officers and 
FWVs 

Union  
(#4554) 
Ave Pop: 
35,000 

Primary 
Level-
outpatient 
services only 

DGHS: Union Sub-
Centre (#1312) 

Limited 
Curative  

Medical Officers and 
SACMOs 

DGHS: UHFWC (#87) Limited 
Curative  

Medical Officers and 
SACMOs 

DGFP: UH&FWC 
(#3500) 

Limited 
Curative  

SACMOs and FWVs 

DGFP: MCWC (#23) Curative Medical Officers and 
FWVs 

Ward  
 (# 40,987) 

Primary Level 
outpatient 
services only 

DGHS: Community 
Clinic (#13,907) 

Promotive, 
Preventive 
and 
Limited 
Curative 

CHCPs 

Primary 
Level- 
Household  

No facility Promotive 
and 
Preventive 

HAs (#20,908) 
FWAs (#21,083) 

DGHS: Directorate General of Health Services; DGFP: Directorate General of Family Planning; RMO: Resident 
Medical Officer; MO: Medical Officer; MT: Medical trainee; UHFPO: Upazila Health and Family Planning Officer; 
SACMO: Sub-Assistant Community Medical Officer; CHCP: Community Heath Care Provider; HA: Health Assistant; 
CSBA: Community Skill Birth Attendance; UFPO: Upazila Family Planning Officer; MO-MCH: Medical Officer of 
Maternal and Child Health; FWA: Family Welfare Assistant; FWV: Family Welfare Visitors 
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1.9 IMCI IMPLEMENTATION AND PULSE OXIMETRY INTRODUCTION 

STATUS IN BANGLADESH  

Bangladesh was one of the five countries where the WHO-led Multi-Country 

Evaluation of IMCI Effectiveness, Cost and Impact (MCE-IMCI) study was 

implemented (138). In the last 2 years of the study in Bangladesh, the mortality rate 

was 13.4% lower in IMCI than in comparison areas (95% CI, 14.2 to 34.3) (62). The 

study also reported that successful implementation of the IMCI package led to 

improved health-worker skills, health-system support, and family and community 

practices, translating into increased care-seeking for illnesses (62). It also 

demonstrated a positive effect on exclusive breast feeding and stunting (62). Based 

on experience gained and evidence generated through this study and global 

recommendations, the Government of Bangladesh (GoB) adopted the IMCI strategy 

in 1998. After successful piloting of facility based IMCI in three Upazilas, IMCI was 

included in the Sector Investment Plan (SIP) of Health, Nutrition and Population 

Sector Programme (HNPSP) 2005-2010 as one of the priority strategic components 

to improve child health in Bangladesh and achieve MDG-4 targets. By the end of 

2006, facility-based IMCI was scaled up in 174 upazilas. GoB in collaboration with 

UNICEF, WHO and other partners scaled up facility-based IMCI in 300 Upazilas (out 

of 464) in 25 districts in Bangladesh by the end of 2008. By 2014 facility-based IMCI 

was scaled-up in all districts (#64) and more than 420 Upazilas.  

IMCI services are provided in all UHCs through a dedicated corner (IMCI corner) at 

the out-patient departments. IMCI trained doctors or SACMOs and nurses are 

responsible for providing services in these IMCI corners. In addition, the majority of 
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the UH&FWCs (primary care facilities with outpatient services only) are mandated to 

provide IMCI service through SACMOs. Health care providers (doctors, SACMOs and 

nurses) must participate in a specialised in-service (11 days) training before providing 

IMCI services. The routine IMCI services in Bangladesh neither have pulse oximetry 

for SpO2 assessment nor have a supply of oxygen to manage hypoxaemia right now. 

The current health sector programme (2017-2022) envisions sustaining the high 

national coverage of IMCI services and improving quality of IMCI services through 

strengthening existing systems and innovations. 
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Chapter 2: AIMS AND OBJECTIVES 

2.1 GOALS AND AIMS 

The overall GOAL is to improve the management of pneumonia by introducing pulse 

oximetry in routine IMCI services in Bangladesh at scale. The AIM of my PhD is to 

support the Government of Bangladesh in taking an evidence-based decision in this 

regard.  

2.2 OBJECTIVES AND RESEARCH QUESTIONS 

I was engaged in a series of discussions with the policymakers of Ministry of Health 

and Family Welfare of the Government of Bangladesh to understand their 

perspectives on the existing evidence gaps and research priorities for taking any 

decision regarding pulse oximetry integration. Based on these consultations, I 

identified my PhD objectives, which reflect the perspectives and priorities of the 

Government of Bangladesh. The following table summarises the objectives/research 

questions. 

Table 2.1: General objectives and specific research questions  

Sl 
# 

Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1.  What is the burden of hypoxaemia among children with pneumonia in LMICs? 

2.  What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including hypoxaemia in 
Bangladesh 

3.  What is the context of childhood pneumonia-related deaths in Bangladesh? 

4.  
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5.  
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6.  
What is the adequacy of the training package developed for introducing pulse oximetry in 
routine IMCI services in Bangladesh?  

7.  
What is the feasibility of implementing the district model for introducing pulse oximetry in 
routine IMCI services in Bangladesh? 
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Chapter 3: BURDEN OF HYPOXAEMIA AMONG CHILDREN 

WITH PNEUMONIA IN LMICS 

One of my general objectives was to estimate the burden of hypoxaemia among 

children with pneumonia. The specific research question 1 was to assess the burden 

of hypoxaemia among children with pneumonia in LMICs.   

Table 3.1: General objectives and specific research questions 

Sl # Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1.  What is the burden of hypoxaemia among children with pneumonia LMICs? 

2.  What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including hypoxaemia 
in Bangladesh 

3.  What is the context of childhood pneumonia-related deaths in Bangladesh? 

4.  
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5.  
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6.  
What is the adequacy of the training package developed for introducing pulse oximetry in 
routine IMCI services in Bangladesh?  

7.  
What is the feasibility of implementing the district model for introducing pulse oximetry 
in routine IMCI services in Bangladesh? 

The work presented in the chapter 3 was published in The Lancet Global Health in 

2022.  

Title: Prevalence of hypoxaemia in children with pneumonia in low-income and 

middle-income countries: a systematic review and meta-analysis 

Authors: Ahmed Ehsanur Rahman (myself), Aniqa Tasnim Hossain, Harish Nair (co-

supervisor), Mohammod Jobayer Chisti, David H Dockrell (co-supervisor), Shams El 

Arifeen (co-supervisor), and Harry Campbell (supervisor). 

URL: https://www.thelancet.com/action/showPdf?pii=S2214-
109X%2821%2900586-6  
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3.1 ABSTRACT 

3.1.1 Background  

Pneumonia accounts for around 16% of all deaths of children younger than 5 years 

globally. Most happen in resource-constrained settings and are potentially 

preventable. Hypoxaemia is one of the strongest predictors of these deaths. We 

present an updated estimate of hypoxaemia prevalence among children with 

pneumonia in low-income and middle-income countries.  

3.1.2 Methods  

We conducted a systematic review using the following key concepts “children under-

5 years of age” AND “pneumonia” AND “hypo aemia” AND “low- and middle-income 

countries” by searching in 11 bibliographic databases and citation indices. We 

included all articles published between Nov 1, 2008, and Oct 8, 2021, based on 

observational studies and control arms of randomised and non-randomised 

controlled trials. We excluded protocol papers, articles reporting hypoxaemia 

prevalence based on less than 100 pneumonia cases, and articles published before 

2008 from the review. Quality appraisal was done with the Joanna Briggs Institute 

tools. We reported pooled prevalence of hypoxaemia (SpO2<90%) by classification 

of clinical severity and by clinical settings by use of the random-effects meta-analysis 

models. We combined our estimate of the pooled prevalence of pneumonia with a 

previously published estimate of the number of children admitted to hospital due to 

pneumonia annually to calculate the total annual number of children admitted to 

hospital with hypoxaemic pneumonia.   
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3.1.3 Results 

We identified 2825 unique records were identified from the databases, of which 57 

studies met the eligibility criteria: 26 from Africa, 23 from Asia, four from South 

America, and four from multiple continents. The prevalence of hypoxaemia was 31% 

(95% CI, 26 to 36; 101775 children) among all children WHO-defined pneumonia, 

41% (33-49; 30483 children) among those with very severe or severe pneumonia, 

and 8% (3-16; 2395 children) among those with non-severe pneumonia. The 

prevalence was much higher in studies conducted in emergency and inpatient 

settings than in studies conducted in outpatient settings. In 2019, we estimated that 

over 7 million children (95% CI, 5 to 8 million) were admitted to the hospital with 

hypoxaemic pneumonia. The studies included in this systematic review had high τ2 

(i.e., 0.17), indicating a high level of heterogeneity between studies, and a high I² 

value (i.e., 99.6%), indicating that the heterogeneity was not due to chance. This 

study is registered with PROSPERO, CRD42019126207. 

3.1.4 Conclusion 

The high prevalence of hypoxaemia among children with severe pneumonia, 

particularly among children who have been admitted to hospital, emphasises the 

importance of overall oxygen security within the health systems of low-income and 

middle-income countries, particularly in the context of COVID-19 pandemic. Even 

among children with non-severe pneumonia that is managed in outpatient and 

community settings, the high prevalence emphasises the importance of rapid 
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identification of hypoxaemia at the first point of contact and referral for appropriate 

oxygen therapy.   

Research in context  

Evidence before this study  

A review paper by Lozano and colleagues in 2001 reported a hypoxaemia prevalence 

of 31% among children presenting with acute lower respiratory infection in 

emergency settings, 43% among children with clinical pneumonia, and 47% among 

children who were admitted to hospital with pneumonia. The previous global 

estimate of hypoxaemia prevalence is based on a systematic review conducted by 

Subhi and colleagues in 2009, which reported a median hypoxaemia prevalence of 

13% (IQR 9·3–37·5) among young children with WHO-defined pneumonia requiring 

admission to hospital. A systematic review conducted by Lazzerini and colleagues in 

2015 reported that hypoxaemia was associated with five-times higher odds of death 

from acute lower respiratory infections. This updated systematic review was done 

following WHO's revised clinical pneumonia classification for children in 2014, the 

introduction of pneumococcal and Haemophilus influenza vaccines into the routine 

childhood immunisation programmes of many low-income and middle-income 

countries, and concerns about oxygen security concerns in the context of the COVID-

19 pandemic. We searched MEDLINE, Embase, Global Health via OVID, and Cochrane 

Central Register of Controlled Trials (CENTRAL) with the following search terms: 

“children under-5 years of age” AND “pneumonia” AND “hypo aemia” AND “low- 
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and middle-income countries” AND “systematic review/meta-analysis” for studies 

published in English between Nov 1, 2008, and Oct 8, 2021.  

Added value of this study  

This Article reports an updated estimate of hypoxaemia prevalence among children 

with WHO-defined pneumonia in low-income and middle-income countries on the 

basis of searches of 11 bibliographic databases and citation indices. We identified 57 

studies and presented both the pooled and median prevalence estimates on the 

basis of more than 100000 observations, whereas the previous estimate in 2009 was 

based on around 18000 observations. The estimates were further disaggregated by 

clinical severity classifications, clinical settings, hospitalisation status, and altitude 

levels.  

Implications of all the available evidence  

This study presents an estimated number of children who are admitted to hospital 

due to pneumonia with hypoxaemia annually. The high prevalence of hypoxaemia 

among children with WHO-defined severe pneumonia, reported in this systematic 

review, emphasises the importance of overall oxygen security within health systems, 

particularly in the context of COVID-19. The high prevalence of hypoxaemia among 

children with non-severe pneumonia accentuates the need for novel diagnostics, 

such as pulse oximetry, at the first point of contact and urgent referral for prompt 

management of children with hypoxaemia.  
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3.2 BACKGROUND 

Pneumonia accounts for approximately 16% of all deaths in children younger than 5 

years, and most of these deaths occur in low-income and middle-income countries 

(LMICs) (1-3). Cognisant of the high burden of mortality, WHO declared pneumonia 

a “forgotten killer of children” (4). Without effectively preventing and treating 

pneumonia, countries with a high burden of pneumonia will not reach the ambitious 

UN Sustainable Development Goal target of reducing the mortality rate of children 

younger than 5 years to less than or equal to 25 per 1000 live births by 2030 (5). 

Hypoxaemia, defined as low oxygen saturation in arterial blood, (i.e., SpO2<90%), is 

common among children with pneumonia and other acute lower respiratory 

infections, and is one of their strongest predictors of mortality (3, 6-11). WHO 

recommends measuring SpO2 in routine practice, even in settings with limited 

resources, as it can substantially improve the accuracy of classification of pneumonia 

and other acute lower respiratory infections by clinical severity (12, 13). 

Despite the high mortality risk, little is known about the prevalence of hypoxaemia 

among children with pneumonia in LMICs (14). The most recent global estimate is 

based on Subhi and colleagues’ systematic review published in 2009, which reported 

a median hypoxaemia prevalence of 13.3% (IQR, 9.3–37.5) among young children 

with WHO-defined pneumonia requiring admission to hospital. The prevalence 

varied widely across countries, age groups, and classifications of clinical severity (8). 

Subhi and colleagues’ systematic review predates the revised WHO pneumonia 

classifications of 2014, which included recommendations for assessing SpO2 in 

routine practice (12, 13, 15). It is an appropriate time to update the systematic 
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review and meta-analysis to include children classified with WHO’s 2014 pneumonia 

classification. 

We aimed to report an updated prevalence of hypoxaemia among children younger 

than 5 years with WHO-defined pneumonia in LMICs, stratified by classifications of 

clinical severity, clinical-settings, and altitude levels, based on the basis of articles 

published between 2008 and 2021.  

3.3 METHODS  

3.3.1 Search strategy and selection criteria 

In this systematic review and meta-analysis, we conducted an initial scoping review 

to help inform our search strategy. The search terms were “children under-5 years of 

age” AND “pneumonia” AND “hypoxaemia” AND “low- and middle- income 

countries”. The detailed search strategy is presented in the (Supplementary table 

3.1). The list of LMICs (Supplementary table 3.2) was obtained from the UN Statistics 

Division (16). We searched MEDLINE (via OVID), Embase (via OVID), Global Health 

(via OVID), Cochrane Central Register of Controlled Trials, Clinical Trial.Gov, Scopus, 

CINHAL, PubMed, Global Index Medicus, IndMED, Global Index Medicus by WHO, 

including African Index Medicus, the literature of Latin America and the Caribbean 

(AMRO/Pan American Health Organization), the Index Medicus for the Eastern 

Mediterranean Region (IMEMR/ EMRO), the Index Medicus for South-East Asia 

Region (IMSEAR/ SEARO), Western Pacific Region Index Medicus (WPRIM/ WPRO), 

Web of Science, and Social Sciences Citation Index (SCI index) for all studies 

published between Nov 1, 2008 and Oct 8, 2021, without any language restrictions.  
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We included studies with children younger than 5 years with WHO-defined 

pneumonia (i.e., assessed with the Integrated Management of Childhood Illness or 

WHO’s Pocket Book) (12, 13). Hypoxaemia assessed by any health-service provider 

(e.g., doctors, nurses, paramedics and community health workers) through pulse 

oximetry and reported as a prevalence estimate was considered as the outcome (17, 

18). We did not include any grey literature or any unpublished studies in our 

systematic review. Both observational studies and control groups of randomised and 

non-randomised controlled trials were included. We excluded articles reporting 

hypoxaemia prevalence based on less than 100 patients with pneumonia to minimise 

the error margin, and articles where pulse oximetry was used to identify a particular 

disease or condition (8). Finally, we excluded articles published before 2008 (i.e., the 

upper limit of the previous review by Subhi and colleagues) during the full-text 

review process (8). Here, we present our main findings based on the WHO-defined 

pneumonia cases. We also assessed the prevalence of hypoxaemia among non-WHO 

pneumonia cases to contextualise our results, and we present these results in the 

supplementary materials.  

The review team consisted of topic experts in pneumonia and hypoxaemia (AER, HC, 

HN and DD), an epidemiologist (SEA), a statistician (ATH), and a librarian/systematic 

review expert (Marshall Dozier). After removing duplicates, two reviewers (AER and 

Sabrina Jabeen) independently screened the articles with a structured checklist 

(Supplementary table 3.3). Then two reviewers (AER and Shema Mhajabin) 

independently reviewed the full-text articles and abstracted data using another 

structured checklist (Supplementary table 3.4). The details of reviewed articles are 
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provided in the appendix (Supplementary table 3.5). The inclusion criteria were the 

same for the systematic review and the meta-analysis. 

We adapted the tool developed by Joanna Briggs Institute for quality assessment of 

studies included for data abstraction, which was undertaken by two reviewers 

independently (Supplementary table 3.6 and Supplementary table 3.7) (19). In case 

of disagreement, a third reviewer was consulted.  

3.3.2 Analysis plan  

We abstracted data by use of a structured checklist (Supplementary table 3.4) and 

two reviewers independently entered data using a template designed in SPSS 

(version 19). Duplicate articles were primarily removed with EndNote (version 20), 

and afterwards duplicate data from the selected articles were removed through 

manual checks. We used Stata version 14 and R package (version 4.0.5) for statistical 

analysis. We calculated the pooled prevalence of hypoxaemia with 95% CIs using the 

random-effects models (20, 21). We also reported medians with IQR. The pooled 

estimates were stratified by classification of clinical severity (i.e., “very severe 

pneumonia” or “severe pneumonia” was stratified as “very severe or severe 

pneumonia” and “pneumonia” was stratified as “non-severe pneumonia” and 

“unclassified pneumonia” where the study used WHO classification but did not 

differentiate between severe and non-severe pneumonia), clinical-settings (i.e., 

indoor, emergency, or outdoor), and altitude-levels (i.e., high-altitude if at least 2400 

m above sea-level) (12, 13). We could not report the hypoxaemia prevalence by 

ethnicity or sex as we could not extract such disaggregated data from the selected 
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articles. Publication bias was assessed with funnel plots by use of R package's funnel 

command (22, 23). We reported the τ2 value as a measure of heterogeneity across 

studies and I² value to explain the proportion of heterogeneity that was not due to 

chance (Supplementary table 3.8).  

We also estimated the total number of children admitted to hospital with 

hypo aemic pneumonia annually by use of  cAllister and colleagues’ estimated 

number of children admitted to hospitals due to pneumonia annually and the pooled 

hypoxaemia prevalence among children admitted to hospital in LMICs reported in 

this systematic review (24). 

We followed the Preferred Reporting Items for Systematic Reviews And Meta-

Analyses guidelines for reporting (25). This protocol is registered at PROSPERO, 

CRD42019126207 (26).  

3.4 RESULTS  

We identified 4,275 records, of which 1,450 were duplicates (Supplementary table 

3.9 and Figure 3.1). After title and abstract screening, 306 articles were selected for 

full-text review. 230 articles were excluded because they did not meet the eligibility 

criteria. Data were abstracted from 76 articles (two articles reported hypoxaemia 

among children with WHO-defined pneumonia and non-WHO-defined pneumonia), 

of which 57 studies reported hypoxaemia prevalence among children with WHO-

defined pneumonia (with 61 prevalence estimates) and 101,775 children were 

involved (Supplementary table 3.10); the remaining articles (i.e., 21 articles) 

reported hypoxaemia prevalence among children with non-WHO-defined 
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pneumonia or acute lower respiratory infection. Among the 57 studies reporting 

hypoxaemia prevalence among children with WHO-defined pneumonia, 26 studies 

were from Africa, 23 from Asia, four from South America, and four from multiple 

continents (Figure 3.2). 

Figure 3.1: Flow diagram of the study selection process 
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Figure 3.2: Distribution of countries and the number of studies reporting hypoxaemia prevalence 
among children with WHO-defined pneumonia (N=57) 

 

Five of 57 studies were conducted at high-altitude sites (Supplementary table 3.8). 

30 studies were done in tertiary-level referral facilities, 12 studies were in primary-

level or secondary-level referral facilities, six studies were in health centres, and six 

studies were in mixed settings. Facility information could not be extracted from 

three articles. Eight studies measured SpO2 in the emergency setting, 32 studies in 

the in-patient setting, 12 studies in the outpatient setting, and five studies in mixed 

settings. 56 studies reported hypoxaemia prevalence (40 in hospitalised children, 12 

in non-hospitalised children, and four in a mixed population of hospitalised and non-

hospitalised children). We could not ascertain the patient status from one study. 28 

studies reported hypoxaemia prevalence among children with WHO-defined very 

severe or severe pneumonia, and five studies reported prevalence among children 

with non-severe pneumonia. Classification of clinical severity was not explicitly 

mentioned in 28 studies, which are presented as unclassified pneumonia. 29 studies 

mentioned the type (i.e., table-top, handheld, fingertip), manufacturer, and models 

of the pulse oximetry devices used, and 13 studies explicitly mentioned use of a 
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paediatric probe. 38 studies used the WHO-recommended SpO2 cut-off of less than 

90%, 12 studies used less than 92%, two studies used less than 93%, one study used 

less than 94%, two studies used less than 95%, one study used less than 87% and one 

study used 90-93%. 

Figure 3.3 presents the hypoxaemia prevalence among WHO-defined pneumonia by 

clinical severity. The pooled overall prevalence of hypoxaemia was 31% (95% CI, 26 

to 36) among 101,775 children with WHO-defined pneumonia. The median overall 

prevalence was 29% (IQR, 15 to 49). The prevalence was 41% (95% CI, 33 to 49) 

among 30,483 children with very severe or severe pneumonia, 8% (95% CI, 3 to 16) 

among 2,395 children with non-severe pneumonia, and 25% (20-31) among 68,897 

children with unclassified pneumonia. The studies included in this review had high τ2 

values (τ2 = 0.18 for very severe or severe pneumonia, τ2 = 0.06 for non-severe 

pneumonia, and τ2 = 0.10 for unclassified pneumonia), indicating a high level of 

heterogeneity between studies and a high I² values (99.5% for very severe or severe 

pneumonia, 96.3% for non-severe pneumonia, and 99.5% for unclassified 

pneumonia), indicating the heterogeneity was not due to chance.  
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Figure 3.3: Hypoxaemia prevalence among children with WHO-defined pneumonia by clinical 
severity; presented in % 

  
The broken red line shows the overall pooled prevalence of hypoxaemia. 
*studies where SpO2 cut-off is <90% 
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Figure 3.4 shows wide variations in hypoxaemia prevalence among WHO-defined 

pneumonia across different categories. Regarding classification of clinical severity, 

hypoxaemia prevalence was highest among children classified as severe pneumonia. 

Although the confidence intervals are overlapping, the point prevalence was higher 

among studies conducted in emergency (47%, 95% CI, 30 to 64) and inpatient (32%, 

95% CI, 26 to 38) settings than among those conducted in outpatient settings (23%, 

95% CI, 15 to 33). The estimates were not substantially different between regions 

(Asia 31%, 95% CI, 24 to 39; Africa 28%,95% CI, 22 to 34) or by hospitalisation status 

of children (33%, 95% CI, 27 to 39 in children admitted to hospital; 29%,95% CI, 19 

to 40 in children not admitted to hospital). The overall estimate also did not vary 

between classifications before 2014 and classifications after 2014, but there were 

some differences in unclassified pneumonia estimates (Supplementary table 3.11). 

Median prevalence with IQR across different subgroups is found in supplementary 

table 3.12. 
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Figure 3.4: Hypoxaemia prevalence among children with WHO-defined pneumonia and comparison 
between random-effects pooled estimate across different subgroups; presented in % 

 

Figure 3.5 presents a scenario-based projection of the estimated number of children 

admitted to hospital due to pneumonia with hypoxaemia annually. On the basis of 
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pneumonia annually reported by McAllister and colleagues, and hypoxaemia 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

0 10 20 30 40 50 60  0 80 90 100

Overall PooledWHO Pneumonia

Asia

Africa

South America

Sea level

High

Referral  Ter ary

Referral  Primary / Secondary

Health Centre

Emergency

Inpa ent

Outpa ent

Hospitalised

Non hospitalised

Very severe or severe

Unclassi ed

Non severe

Doctor

Nurse / paramedics

Pre

Post

Before 2015

2015 and a er

 90%

Others

R
eg
io
n

A
l 
tu
d
e

Fa
ci
lit
y
Ty
p
e

H
o
sp
it
al
is
a

C
lin

ic
al
se
ve
ri
ty

 
o
n
St
at
u
s
Ty
p
e
o
f
p
a 

en
ts

A
ss
es
so
r

o
n

W
H
O
I 

C
I

2
0
1
4

P
u
b
lic
a 

o
n
cl
as
si
 
ca
 

Ye
a
r

C
u
t 
o
 



Chapter 3: page 61 

prevalence (i.e., 33%) among children admitted to hospital with pneumonia reported 

in our systematic review, we estimate that approximately 5.4 million children were 

admitted to hospital due to pneumonia with hypoxaemia in 2015. If we consider the 

lower limits and upper limits of hypoxaemia prevalence (27-39%) based on our study, 

the estimated number was between 4.4 million and 6.4 million. Assuming an average 

annual growth rate of 7% over the period of 2000-15 and continued over the period 

2015-19, hospitalisations due to hypoxaemic pneumonia would have been close to 

7.2 million in 2019 (24). 

Figure 3.5: Global estimated number of children admitted to hospital due to pneumonia with 
hypoxaemia annually, presented in million children 

 

 

The hypoxaemia prevalence was 36% (95% CI, 26 to 46) among children with non-

WHO classified clinical pneumonia (13 studies), 19% (11-29) among children with 

radiological pneumonia (six studies), and 33% (29-37) among organism-specific 

pneumonia (i.e., respiratory syncytial virus; two studies; supplementary figure 3.1).  
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During the screening and full-text review, we included only observational studies and 

control group of randomised and non-randomised controlled trials with adequate 

sampling si e (≥100 participants). During the quality assessment, we found that the 

description regarding the sampling strategy was inadequate in two articles. Funnel 

plots assessing the publication bias of the selected articles can be found in the 

appendix (Supplementary figure 3.2, 3.3, and 3.4). Overall, the τ2 value was 0.17, 

indicating a high level of heterogeneity between studies, and I² value was 99.6%, 

indicating that the heterogeneity was not due to chance.  

3.5 DISCUSSION  

This systematic review reports a high prevalence of hypoxaemia among children with 

WHO-defined pneumonia, which is one of the strongest predictors of mortality due 

to pneumonia (3, 6-10). Ensuring rapid identification of hypoxaemia through routine 

assessment of SpO2 and immediate hospital admission for oxygen therapy with 

supportive care can substantially reduce pneumonia-related childhood mortality 

(27, 28). In this Article, we addressed a notable evidence gap by presenting the 

burden of hypoxaemia among children with pneumonia in LMICs. The pooled 

estimates included 57 studies with more than 100000 children with pneumonia, and 

reasonably represented different regions, facility types, patient types, 

hospitalisation status, and clinical severity based on WHO-classifications. The overall 

prevalence of hypoxaemia was high, particularly among patients with clinically 

severe pneumonia or those who were admitted to hospitals. We also found a 

moderately high prevalence among children with non-severe pneumonia.     
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The overall prevalence of hypoxaemia reported here is higher than that reported by 

Subhi and colleagues in 2009 but similar to that reported by Lozano in 2001 (8, 29). 

In our systematic review, the overall prevalence was 31% (95% CI, 26 to 36), and the 

prevalence was 33% (27-39) among hospitalised children and 47% (30-64) among 

children presenting in the emergency department. Lozano reported a prevalence of 

31% among children with acute lower respiratory infection in emergency settings, 

43% among children with clinical pneumonia, and 47% among hospitalised children 

with pneumonia. By contrast, Subhi and colleagues reported a much lower 

prevalence of 13% among young children who were admitted to hospital with 

pneumonia. The introduction of Pneumococcal and Haemophilus influenzae 

vaccines in the routine childhood immunisation programmes in many LMICs in the 

past decade is expected to reduce the community burden of pneumonia and severe 

pneumonia, including hypoxaemic pneumonia. However, during the same period, 

the increasing trend towards improving the socio-economic conditions, availability 

and access to health care, and provision and practice of SpO2 assessment and oxygen 

security in health facilities might have led to better care-seeking practices and a 

higher-level of detection of hypoxaemia in lower-level health centres and in referral 

facilities than before (30-32). Another reason could be the proportional contribution 

of hospitalised children in our review. Of the 57 studies, eight reported measuring 

SpO2 in emergency settings, whereas 32 reported measuring in inpatient settings. It 

is expected that these cases will be more severe and have a higher prevalence of 

hypoxaemia than those in outpatient settings (33). Moreover, Subhi and colleagues 

included children younger than 12 years, whereas we included only children younger 
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than 5 years. This difference in age might be one of the reasons explaining the 

difference in prevalence, as the prevalence of hypoxaemia is lower among older 

children than younger children (34). In our systematic review, the prevalence of 

hypoxaemia varied only slightly between the Asian and African regions, with 

overlapping confidence intervals, which is different from the large difference 

reported by Subhi and colleagues (8). One possible explanation is the larger sample 

si e of our review than in Subhi and colleagues’ review, which has contributed to 

generating more precise estimates with overlapping confidence intervals. The other 

explanation is the inclusion of more children with very severe or severe pneumonia 

among Asian studies and a differing spectrum of causes of pneumonia across 

different countries of Asia and Africa (35, 36). Moreover, Subhi and colleagues 

reported a hypoxaemia prevalence of less than 10% among children with pneumonia 

in the African-region, which was much lower than the prevalence estimates (i.e., 28-

57%) reported in most studies from the same region (32, 37-42). Lastly, hypoxaemia 

can be a transient phenomenon, and SpO2 status can change after initial stabilisation 

(37). The studies included in our review have exclusively reported hypoxaemia based 

on the basis of the initial contact with health systems. Since few studies have follow-

up SpO2 status, the pooled prevalence could be an overestimation of the actual 

burden. 

We noted the hypoxaemia prevalence to be much higher among children who were 

admitted to hospital and studies conducted in inpatient and emergency settings than 

those that were conducted in outpatient and community settings. According to 

WHO, children presenting with clinical features of severe pneumonia require 
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admission to hospital with supportive care (43). Therefore, it is highly likely that the 

studies conducted among children who were admitted to hospital and in emergency 

and inpatient settings predominantly enrolled children with clinically severe 

pneumonia, for whom the prevalence of hypoxaemia is expected to be higher than 

in those managed as outpatients. The prevalence was also higher in emergency 

settings than in inpatient settings, possibly because hypoxaemia was measured after 

initial stabilisation in studies reporting the prevalence among children who were 

inpatients.   

We estimate that the total number of children admitted to hospital due to 

pneumonia with hypoxaemia was 5.5 million in 2015 (24). Given the increase in the 

rate of hospitalisations during 2000-15, this estimate might be an underestimation 

of the current burden. If this rate of increase continued to apply over the period 

2015-19, the estimated number of hypoxaemic pneumonia-related hospitalisations 

in young children would be close to 7.2 million in 2019 (24). This estimate does not 

include patients with hypoxaemic severe pneumonia who could not reach hospitals 

for appropriate care or died in the community or those who were classified with non-

severe pneumonia.  

In our systematic review, the prevalence of hypoxaemia among children with non-

severe pneumonia was 8%, implying that some children with non-severe pneumonia 

(with no other danger signs) actually would require oxygen therapy with supportive 

care (44). This implication could potentially explain the findings of Fox and 

colleagues’ systematic review, which reported that children with chest in-drawing 
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pneumonia who were treated with only oral antibiotics, on the basis of the 2014 

WHO recommendations, had a high rate of non-response to treatment (43) (45-49).     

It is important to consider the strengths and limitations of our systematic review and 

compare our search strategy and execution with the previous reviews. We 

conducted a scoping review to fine-tune the search strategy and keywords. In 

addition to international databases, we expanded our search to multiple national 

databases representing south Asia, the Middle East, Africa and Latin-America, which 

added robustness to our review with adequate sensitivity. Although our systematic 

review and meta-analysis had similar objectives to Subhi and colleagues and Lozano 

and colleagues, there were some differences in execution. Subhi and colleagues used 

around 18000 observations of children younger than 12 years, which included 12 

published papers (up to November 2008) from three international databases and 12 

unpublished studies. Lozano and colleagues included 17 published articles, involving 

around 4000 children from one database and covering January, 1966, to August, 

1999. Our review was more comprehensive than these two reviews and included 57 

published studies from 11 international and national bibliographic databases, 

covering the period of January, 2008 to October, 2021, and involved over 100000 

children younger than 5 years with pneumonia. We did not include unpublished 

studies and Chinese databases, which could have influenced our estimates.   

WHO changed its pneumonia classification in 2014, and our review included studies 

that were published from 2008 and onwards (43). In many instances, we could not 

determine the version of WHO pneumonia classifications that different studies had 
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adopted when reporting hypoxaemia prevalence. Although we did not have enough 

information regarding the presenting signs and symptoms to map the clinical 

severity classification on the basis of the 2014 WHO guidelines, we reported the 

pooled estimates by different clinical severity classifications separately. Additionally, 

different studies used different definitions of hypoxaemia and different SpO2 cut-

offs. However, these differences did not affect the overall estimate, since the 

difference was not notable between the studies that used the WHO recommended 

cut-off of less than 90% and those that used 90-95%. We struggled to extract 

prevalence estimates by different age bands, type of providers who measured SpO2 

(e.g., doctors, nurses, paramedics, community health workers, etc), type of training 

or orientation received, and type of pulse oximetry device and probes used for 

assessments. We could not report the validity and reliability of assessments by 

different providers with different types of pulse oximetry in various clinical settings. 

There could be some selection bias in the studies, but inadequate information 

existed to assess bias due to inconsistency when reporting hypoxaemia prevalence 

by various categories across different studies. We recommend a minimum set of 

standards to report hypoxaemia prevalence in future studies. Lastly, we 

acknowledge that we reported hypoxaemia prevalence on the basis of SpO2 status 

measured by pulse oximetry devices, whereas the gold standard is arterial blood-gas 

analysis. Although several studies have reported a strong correlation between pulse 

oximetry and blood-gas analysis measures in controlled clinical-settings, pulse 

oximeter measures can be affected by various clinical, mechanical and device-
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related factors (50-53). Unfortunately, we could not adjust our estimates for these 

variables.     

Although we conducted a rigorous quality assessment by use of the checklist 

developed by Joanna Briggs Institute, which is specially designed for studies 

reporting prevalence or cumulative incidence, we acknowledge the potential effect 

of publication bias (19). Although we reported some extreme values in the funnel 

plot (Supplementary figure 3.2, 3.3, and 3.4), the individual prevalence estimates 

were widely dispersed in both directions (with no apparent skewing) from the pooled 

estimate. This dispersion could be explained by the large heterogeneity among these 

studies, indicated by high τ2 and I² values (54). Therefore, we used the random-

effects model to generate the pooled prevalence estimate. We also reported median 

(IQR) for all reporting categories to maintain comparability with previous estimates 

(8).   

In addition to the high prevalence of hypoxaemia among children with WHO-defined 

pneumonia, we also reported somewhat similar prevalence among children with 

non-WHO-defined pneumonia. Hypoxaemia is also common among children 

admitted to hospital with asthma, meningitis or encephalitis, malnutrition, acute 

febrile encephalopathy, sepsis, or malaria and neonates with neonatal 

encephalopathy, prematurity, or sepsis (32, 55). Hence, hypoxaemia can be 

considered as a stand-alone danger sign among young children, irrespective of 

clinical classification. The use of pulse oximetry with appropriate oxygen therapy can 

reduce pneumonia-related mortality rates and length of hospital stay (56). Hence, 
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WHO recommends routine assessment of SpO2, rapid identification of hypoxaemia, 

and immediate admission to hospital for oxygen therapy with other supportive care 

to avert these hypoxaemia-related deaths (43, 57, 58). However, there are gaps 

between policy and practices. The availability of pulse oximeters, the provision of 

oxygen therapy during referral, transportation and inpatient care, and the overall 

oxygen security are still inadequate in most LMICs (59-62). Therefore, urgent 

attention should be given to improving the access, provision and quality of care, 

including SpO2 assessment and oxygen therapy in resource-poor settings (28). 

Although, pulse oximeters are reasonably valid, affordable, easy-to-use devices that 

identify hypoxaemia immediately, there are several health systems barriers and 

operational challenges associated with introducing pulse oximeters in LMICs (63-65). 

The characteristics of public health systems and the health service provider’s skills 

and capacity in each country are different and might present a unique set of context-

specific challenges. Further research studies on implementation are needed to 

understand the feasibility aspects, focusing on provider’s capacity to measure SpO2, 

choice of device, and time required for SpO2 assessment. Emphasis should be given 

to training staff, building a culture of hypoxaemia assessment, and promoting judicial 

use of oxygen (44). National programmes should give increased attention and 

funding support to addressing these challenges, particularly in the context of the 

COVID-19 pandemic, as this support might improve the overall readiness and 

performance of health systems regarding emergency triage and management (66, 

67).  
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3.6 CONCLUSION 

In conclusion, the high prevalence of hypoxaemia among children with WHO-defined 

severe pneumonia, particularly among children who were admitted to hospital, 

emphasises the importance of oxygen security within LMIC health systems. Without 

the provision of rapid identification and prompt management of hypoxaemia, it will 

not be possible to substantially reduce pneumonia-related deaths. On the basis of 

the findings of this systematic review and the context of COVID-19 pandemic, we 

strongly recommend introducing pulse oximetry at the first point of contact after 

feasibility assessment and health systems integration of pulse oximetry, especially in 

resource-constrained settings. We also emphasise the need for regular monitoring 

SpO2 levels in hospital settings in order to use oxygen correctly and efficiently.  
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3.7 SUPPLEMENTARY MATERIALS 

3.7.1 Supplementary table  

Supplementary table 3.1: Detailed search language with keywords and their synonyms 

 1 BO 2 BO 3 BO 4 

 Outcome  Population  Population  Context 

Concepts  hypoxaemia 

AND 

pneumonia 

AND 

children 
under-5 

years of age 

AND 

low- and 
middle-income 

countries 

Keywords  hypoxaemia/ 
hypoxaemia/ 
anoxia/ 
hypoxia/ 
oximetry/ 
oximeter/ 
oximetre/ 
oxymetry/ 
oxymeter/ 
oxymetre/ 
blood 
oxygen 
saturation/ 
arterial 
oxygen 
saturation/ 
blood gas 
monitoring/ 
blood gas 
analysis/ 
analysis 
blood gas/ 
SpO2/ 
SPO2 

pneumonia/ 
severe 
pneumonia/ 
severe 
disease/ 
very severe 
disease/ 
bronchiolitis/ 
acute 
respiratory 
infection/ 
ARI/ 
acute 
respiratory 
infections/ 
acute 
respiratory 
tract 
infection/  
ARTI/ 
acute 
respiratory 
tract 
infections/ 
respiratory 
illness/ 
respiratory 
illnesses/ 

child*/ 
infant*/ 
pediatric*/ 
paediatric*/ 
 
 
 

developing 
countr*/ 
low-and middle 
income countr* 
LMIC*/ 
low income 
countr*/  
middle income 
countr* / 
lower middle 
income 
countr*/ 
upper middle 
income 
countr*/  
‘name of the 
country 
(supplementary 
table 3.2)’ 

 BO: Boolean Operator  
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Supplementary table 3.2: List of low- and middle-income countries 

Sl # County 

1 Afghanistan 

2 Albania 

3 Albania 

4 American Samoa 

5 Angola 

6 Armenia 

7 Azerbaijan 

8 Bangladesh 

9 Belarus 

10 Belize 

11 Benin 

12 Bhutan 

13 Bolivia 

14 Bosnia and Herzegovina 

15 Botswana 

16 Brazil 

17 Bulgaria 

18 Burkina Faso 

19 Burundi 

20 Cabo Verde 

21 Cambodia 

22 Cameroon 

23 Central African Republic 

24 Chad 

25 China 

26 Colombia 

27 Comoros 

28 Democratic Republic of Congo OR DR Congo OR DRC OR the Congo 

29 Congo, Rep. 

30 Costa Rica 

31 Côte d'Ivoire OR Ivory Coast 

32 Cuba 

33 Djibouti 

34 Dominica 

35 Dominican Republic   

36 Ecuador 

37 Egypt, Arab Rep. 

38 El Salvador 

39 Equatorial Guinea 

40 Eritrea 

41 Ethiopia 

42 Fiji 

43 Gabon 

44 The Gambia 

45 Georgia 

46 Ghana 

47 Grenada 

48 Guatemala 

49 Guinea 

50 Guinea-Bissau or Guinea Bissau 



Chapter 3: page 73 

Sl # County 

51 Guyana 

52 Haiti 

53 Honduras 

54 India 

55 Indonesia 

56 Iran, Islamic Rep. 

57 Iraq 

58 Jamaica 

59 Jordan 

60 Kazakhstan 

61 Kenya 

62 Kiribati 

63 Korea, Dem. People's Rep. 

64 Kosovo   

65 Kyrgyz Republic 

66 Lao PDR 

67 Lebanon 

68 Lesotho 

69 Liberia 

70 Libya 

71 Macedonia, FYR   

72 Madagascar 

73 Malawi 

74 Malaysia 

75 Maldives 

76 Mali 

77 Marshall Islands 

78 Mauritania 

79 Mauritius 

80 Mexico 

81 Micronesia, Fed. Sts. 

82 Moldova 

83 Mongolia 

84 Montenegro 

85 Morocco 

86 Mozambique 

87 Myanmar 

88 Namibia 

89 Nauru 

90 Nepal 

91 Nicaragua 

92 Niger 

93 Nigeria   

94 Pakistan   

95 Papua New Guinea   

96 Paraguay 

97 Peru   

98 Philippines 

99 Romania 

100 Russian Federation 

101 Rwanda 
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Sl # County 

102 Samoa 

103 São Tomé and Principe OR Timor OR Timor-Liste OR Timor Liste   

104 Senegal 

105 Serbia 

106 Sierra Leone 

107 Solomon Islands 

108 Somalia 

109 South Africa 

110 South Sudan 

111 Sri Lanka 

112 Saint Lucia 

113 Vincent and the Grenadines 

114 Sudan 

115 Suriname 

116 Swaziland 

117 Syrian Arab Republic 

118 Tajikistan 

119 Tanzania 

120 Thailand 

121 Timor-Leste 

122 Togo 

123 Tonga 

124 Tunisia 

125 Turkey 

126 Turkmenistan 

127 Tuvalu 

128 Uganda 

129 Ukraine 

130 Uzbekistan 

131 Vanuatu 

132 Venezuela, RB 

133 Vietnam 

134 West Bank and Gaza 

135 Yemen, Rep. 

136 Zambia 

137 Zimbabwe 
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Supplementary table 3.3: Structured form for abstract screening  

 
 
  

  

Reviewer Code  

Abstract ID   

Name of the journal  

Title   

First Author  

Last Author  

Language 
1.English                                                               
2. French 
3.Chinese 

4.Spanish 
5. German                                                       
6. ----------------- 

Study design 
1. Cross sectional study                                     
2. Cohort study 

 

3. Non-randomized control trial               
4.  Randomized control trial 

Inclusion Criteria    

Population 
Children under the age of five years  Yes No N/A 

Classified as pneumonia Yes No N/A 

Outcome SpO2 status measured with pulse oximetry  Yes No N/A 

Context Low- and middle-income countries  Yes No N/A 

Year of publication Any study published by Dec 2018 Yes No N/A 

Exclusion Criteria    

Sample size Less than hundred Yes No N/A 

Use of pulse oximeter To identify a particular illness Yes No N/A 

Screening result     

 Included for data extraction  Yes No 

Need 
full 
text 

review 

If not included, reason for 
exclusion 

 

Additional comments  
(if any) 
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Supplementary table 3.4: Extraction of data from selected articles after screening 

Sl # Item Option 

1 Study ID    

2 Study Title    

3 First Author Last Name     

4 Last Author Last Name    

5 Year of Publication    

6 Name of the Journal    

7 Type of Study 

Cross Sectional      

Case Control      

Cohort      

Individual RTC      

Cluster RCT      

Quasi-Experimental      

8 Study Settings-Region   

Asia      

Europe     

Africa      

South America      

North America      

9 Study Settings-Clinical  

Referral Hospital      

Non-Referral Health Centres      

Community      

10 Age group  

2-11 months Yes No 

11-59 months Yes No 

>59 Months Yes No 

11 Specific Classification Reported     Yes No 

12 Type of Classification Reported   

Pneumonia  Yes No 

Severe Pneumonia  Yes No 

ARI Yes No 

Others, specify Yes No 

13 PO use Reported    Yes No 

14 Type of PO Used, specify     

15 Hypoxaemia Reported    Yes No 

16 Prevalence of Hypoxaemia in % 

Overall      

2-11 months     

11-59 months     

>59 Months     

Pneumonia      

Severe Pneumonia      

ARI     

Others, specify     

Referral Hospital      

Non-Referral Health Centres      

Community      

Asia      

Europe     

Africa      

South America      

North America      

17 Specific SpO2 Measurement Available    Yes No 

18 SpO2 Status in % 
Overall      

2-11 months     
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Sl # Item Option 

11-59 months     

>59 Months     

Pneumonia      

Severe Pneumonia      

ARI     

Others Classification      

Referral Hospital      

Non-Referral Health Centres      

Community      

Asia      

Europe     

Africa      

South America      

North America      

19 
Type of Health Care Worker measuring 
SpO2 reported  

  Yes No 

20 Type of Health Care Worker  

Doctors  Yes No 

Nurses  Yes No 

Paramedics  Yes No 

Community Health Worker  Yes No 

21 Oxygen Given for Hypoxaemia Reported    Yes  No 

22 Type of Oxygen Given  
High Flow      

Low Flow      

23 
Other Intervention Given for 
Hypoxaemia Reported  

  Yes  No 

24 
Other Intervention Given for 
Hypoxaemia Reported, specify   

      

25 
Case Fatality Rate Reported among 
Hypoxaemia Cases (without 
intervention) Reported  

  Yes  No 

26 
Case Fatality Rate (death) among 
Hypoxaemia Cases (without 
intervention) in %   

Overall      

2-11 months     

11-59 months     

>59 Months     

Pneumonia      

Severe Pneumonia      

ARI     

Others, specify     

Referral Hospital      

Non-Referral Health Centres      

Community      

Asia      

Europe     

Africa      

South America      

North America      

27 Other Outcome Reported    Yes No 

28 
Other Outcome Reported, please 
specific  
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Supplementary table 3.5: Overview of the studies reporting the prevalence of hypoxaemia among 
WHO-defined pneumonia  

Auth
or 

Year Journal 
Regi
on 

Country Altitude 

Pneumoni
a 
classificati
on 

SpO2 

Pulse 
oximetr
y 
(maker 
and 
model)  

Alwa
dhi 
et al. 

2017 
Indian 
Pediatrics 

Asia India Low 

Very 
severe or 
severe 
pneumoni
a 

90 

Ohmeda
Biox 
3700e 
pulse 
oximete
r 

Asgh
ar et 
al. 

2008 BMJ Open 

Multi
ple 
Conti
nent 

Banglades
h, 
Ecuador, 
India, 
Mexico, 
Pakistan, 
Yemen 
and 
Zambia 

Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Not 
mention
ed 

Ashr
af et 
al. 

2008 

Archives of 
Disease in 
Childhood, 
BMJ 

Asia 
Banglades
h 

Low 

Very 
severe or 
severe 
pneumoni
a 

95 
Not 
mention
ed 

Ashr
af et 
al. 

2010 Pediatrics Asia 
Banglades
h 

Low 

Very 
severe or 
severe 
pneumoni
a 

95 
Not 
mention
ed 

Basn
et et 
al. 

2015 PLoS ONE Asia Nepal High 

Very 
severe or 
severe 
pneumoni
a 

90 

Nellcor 
Puritan 
Bennett 
NPB-40, 
Pleasant
on, CA, 
USA 

Bass
at et 
al. 

2016 

Tropical 
Medicine & 
International 
Health 

Afric
a 

Southern 
Mozambiq
ue 

Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Nellcor, 
Boulder, 
CO 

Brei
man 
et al. 

2015 
BMC 
Infectious 
Diseases 

Afric
a 

Kenya Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Not 
mention
ed 

Chist
i et 
al. 

2011 PLoS ONE Asia 
Banglades
h 

Low 
Very 
severe or 
severe 

90 
Not 
mention
ed 
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Auth
or 

Year Journal 
Regi
on 

Country Altitude 

Pneumoni
a 
classificati
on 

SpO2 

Pulse 
oximetr
y 
(maker 
and 
model)  

pneumoni
a 

Dem
bele 
et al. 

2019 Bmj Open Asia Phillipines Low 

Very 
severe or 
severe 
pneumoni
a 

90 

Handhel
d Pulse 
Oximete
r 
PalmSAT 
2500A 
with 
Finger 

Fanc
ourt 
et al. 

2017 

Journal of 
Paediatrics 
and Child 
Health 

Multi
ple 
Conti
nent 

Kenya, The 
Gambia, 
Mali, 
Zambia, 
South 
Africa, 
Thailand, 
Banglades
h 

Low 

Very 
severe or 
severe 
pneumoni
a 

92 
Not 
mention
ed 

Galla
gher 
et al. 

2020 
Clinical 
Infectious 
Diseases 

Multi
ple 
Conti
nent 

Asia and 
Arfica 

Mixed 

Very 
severe or 
severe 
pneumoni
a 

92 
Not 
mention
ed 

Grah
am 
et al. 

2020 
EClinicalMedi
cine 

Afric
a 

Nigeria Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Not 
mention
ed 

Izadn
egah
dar 
et al. 

2012 

Journal of 
Pediatric 
Infectious 
Diseases 

Multi
ple 
Conti
nent 

Colombia, 
Ghana, 
India, 
Mexico, 
Pakistan, 
South 
Africa, 
Vietnam 
and 
Zambia 

Low 

Very 
severe or 
severe 
pneumoni
a 

92 

Nellcor 
N-20E, 
N-25 
secsor, 
Pleasant
om, CA, 
USA 

Jain 
et al. 

2013 
Indian 
Pediatrics 

Asia India Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Not 
mention
ed 

Kuti 
et al. 

2013 
ISRN 
Pediatrics 

Afric
a 

Gambia Low 
Very 
severe or 
severe 

90 
Nellcor 
N-200, 
USA 
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Auth
or 

Year Journal 
Regi
on 

Country Altitude 

Pneumoni
a 
classificati
on 

SpO2 

Pulse 
oximetr
y 
(maker 
and 
model)  

pneumoni
a 

Ma 
et al. 

2019 

American 
Journal of 
Tropical 
Medicine and 
Hygiene 

Afric
a 

Uganda Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Not 
mention
ed 

McC
ollu
m et 
al. 

2019 
Lancet Respir 
Med 

Afric
a 

Malawi Low 

Very 
severe or 
severe 
pneumoni
a 

90 

Rad5 
Masimo, 
Irvine, 
CA, USA 

Nant
anda 
et al. 

2008 
Annals of 
Tropical 
Paediatrics 

Afric
a 

Uganda Low 

Very 
severe or 
severe 
pneumoni
a 

92 
Not 
mention
ed 

que 
et al. 

2009 
Journal of 
Tropical 
Pediatrics 

Afric
a 

Mozambic
an 

Low 

Very 
severe or 
severe 
pneumoni
a 

90 Nellcor 

Sem
perte
gui 
et al. 

2014 

American 
Journal of 
Clinical 
Nutrition 

Sout
h 
Amer
ica 

Ecuador Low 

Very 
severe or 
severe 
pneumoni
a 

90 
OxiMax 
N-65; 
Nellcor 

Srini
vasa
n et 
al. 

2012 
BMC 
medicine 

Afric
a 

Uganda Low 

Very 
severe or 
severe 
pneumoni
a 

92 

Ohmeda 
Biox 
3700 
Ohmeda 
GE 
healthca
re, 
Pollards 
Wood 
Chalfont 
St. Giles 
Bucks 
HP8 4SP 
UK 

Tesfa
ye et 
al. 

2020 Bmj Open 
Afric
a 

Ethiopia Low 

Very 
severe or 
severe 
pneumoni
a 

90 
ADC 
Adimals 
2150 
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Auth
or 

Year Journal 
Regi
on 

Country Altitude 

Pneumoni
a 
classificati
on 

SpO2 

Pulse 
oximetr
y 
(maker 
and 
model)  

Tiew
soh 
et al. 

2009 
BMC 
Pediatrics 

Asia India Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Not 
mention
ed 

Web
b et 
al. 

2012 

Journal of 
Pediatric 
Infectious 
Diseases 

Afric
a 

Kenya Low 

Very 
severe or 
severe 
pneumoni
a 

90 
Neclor 
USA 

Blanc 
et al. 

2019 PLoS One 
Afric
a 

PNG Low 

Unclassifi
ed 
pneumoni
a 

90 

Nellcor 
Pulse 
OxyMax 
N-20PA 

Chist
i et 
al. 

2012 

Tropical 
Medicine & 
International 
Health 

Asia 
Banglades
h 

Low 

Unclassifi
ed 
pneumoni
a 

90 

OxiMax 
N-600; 
Nellcor, 
Boulder, 
CO, USA 

Duke 
et al. 

2008 Lancet 
Afric
a 

Papua 
New 
Guinea 

Low 

Unclassifi
ed 
pneumoni
a 

90 
Not 
mention
ed 

Hooli 
et al. 

2020 

American 
Journal of 
Tropical 
Medicine and 
Hygiene 

Afric
a 

Malawi Low 

Unclassifi
ed 
pneumoni
a 

90 Lifebox 

Jana
bi et 
al. 

2009 
Iraqi 
Postgrad. 
Med. J. 

Asia Iraq Low 

Unclassifi
ed 
pneumoni
a 

90 

Kontron 
Medical 
B.P:784
5 

Kelly 
et al. 

2014 

Journal of the 
Pediatric 
Infectious 
Diseases 
Society 

Afric
a 

Bostwana Low 

Unclassifi
ed 
pneumoni
a 

90 
Not 
mention
ed 

Kura
de et 
al. 

2018 
Journal of 
Tropical 
Pediatrics 

Asia India Low 

Unclassifi
ed 
pneumoni
a 

90 
Not 
mention
ed 

Lagh
ari et 
al. 

2019 Cureus Asia Pakistan Low 

Unclassifi
ed 
pneumoni
a 

92 
Not 
mention
ed 

Lima 
et al. 

2015 
Pediatric 
Health, 

Sout
h 

Brazil Low 
Unclassifi
ed 

92 
Not 
mention
ed 
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Auth
or 

Year Journal 
Regi
on 

Country Altitude 

Pneumoni
a 
classificati
on 

SpO2 

Pulse 
oximetr
y 
(maker 
and 
model)  

Medicine, and 
Therapeutics 

Amer
ica  

pneumoni
a 

Ma 
et al. 

2019 

American 
Journal of 
Tropical 
Medicine and 
Hygiene 

Afric
a 

Uganda Low 

Unclassifi
ed 
pneumoni
a 

90 
Not 
mention
ed 

Mack
enzie 
et al. 

2017 
Lancet 
Infectious 
Disease 

Afric
a 

Gambia Low 

Unclassifi
ed 
pneumoni
a 

92 

Nellcor 
N-65, 
Covidian
, 
Boulder, 
CO, USA 

Math
isen 
et al. 

2010 

Pediatric 
Infectious 
Disease 
Journal 

Asia Nepal High 

Unclassifi
ed 
pneumoni
a 

93 

Siemens 
MicroO2
,Siemen
s 
Medical 
Systems 
Inc,Danv
ers, MA 
with 
Nellcor, 
Pleasnto
n,CA 

McC
ollu
m et 
al. 

2017 Plos One 
Afric
a 

Malawi Low 

Unclassifi
ed 
pneumoni
a 

90 

Masimo 
(R) 
Hospital
s or 
Lifebox 
(R) 

McC
ollu
m et 
al. 

2016 
Bulletin of the 
World Health 
Organization 

Afric
a 

Malawi Low 

Unclassifi
ed 
pneumoni
a 

90 Lifebox 

McCr
acke
n et 
al. 

2013 

American 
Journal of 
Tropical 
Medicine and 
Hygiene 

Sout
h 
Amer
ica  

Guatemala High 

Unclassifi
ed 
pneumoni
a 

90 
Not 
mention
ed 

Orim
adeg
un et 
al. 

2013 

Transactions 
of the Royal 
Society of 
Tropical 
Medicine and 
Hygiene 

Afric
a 

Nigeria Low 

Unclassifi
ed 
pneumoni
a 

90 

True 
Colour 
OLED 
fingertip 
oximete
rs 

Rao 
et al. 

2012 
World Journal 
of Pediatrics 

Asia India Low 
Unclassifi
ed 

90 
Nellcor 
Puritan 
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Auth
or 

Year Journal 
Regi
on 

Country Altitude 

Pneumoni
a 
classificati
on 

SpO2 

Pulse 
oximetr
y 
(maker 
and 
model)  

pneumoni
a 

Bannet 
NPB-40 

Shres
tha 
et al. 

2020 Plos One Asia Nepal High 

Unclassifi
ed 
pneumoni
a 

90 

Mini 
SpO2 , 
Criticare 
Systems
, USA 

Smit
h et 
al. 

2011 Lancet 

Sout
h 
Amer
ica  

Guatemala High 

Unclassifi
ed 
pneumoni
a 

87 
Not 
mention
ed 

Tho
mas 
et al. 

2015 

Tropical 
Medicine & 
International 
Health 

Asia Philippines Low 

Unclassifi
ed 
pneumoni
a 

90 
Not 
mention
ed 

Tran 
et al. 

2016 
Epidemiol 
Infect. 

Asia Vietnam Low 

Unclassifi
ed 
pneumoni
a 

92 

Siemens 
Micro 
Oe, 
Siemens 
Medical 
Systems 
Inc, USA 

Tran 
et al. 

2014 
Journal of 
Medical 
Virology 

Asia Vietnam Low 

Unclassifi
ed 
pneumoni
a 

92 
Not 
mention
ed 

Yal  
n et 
al. 

2018 
Indian Journal 
of Pediatrics 

Asia Turkey Low 

Unclassifi
ed 
pneumoni
a 

93 
PM-60, 
Mindray
, China 

Lena
han 
et al. 

2020 
Erj Open 
Research 

Afric
a 

Malawi Low 

Non-
severe 
pneumoni
a 

90 
Not 
mention
ed 

Morr
e et 
al. 

2019 
Journal of 
Tropical 
Pediatrics 

Afric
a 

Papua 
New 
Guinea 

Low 

Non-
severe 
pneumoni
a 

90 
Not 
mention
ed 

Mwa
niki 
et al. 

2009 
Bulletin of the 
World Health 
Organization 

Afric
a 

Kenya Low 

Non-
severe 
pneumoni
a 

90 

Nellcor 
Puritan 
Bennett 
NPB-40, 
USA 

Nem
ani 
et al. 

2016 

Clinical 
Epidemiology 
and Global 
health 

Asia India Low 

Non-
severe 
pneumoni
a 

92 

SHO 
3002, 
Harsons, 
India 
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Auth
or 

Year Journal 
Regi
on 

Country Altitude 

Pneumoni
a 
classificati
on 

SpO2 

Pulse 
oximetr
y 
(maker 
and 
model)  

Puu
malai
nen 
et al. 

2008 
BMC 
Infectious 
Diseases 

Asia Philippines Low 

Non-
severe 
pneumoni
a 

90 

BCI 
3303 
ximeter 
(Wauke
ha, USA) 

Okta
ria et 
al. 

2021 PLoS One Asia Indonesia Low 

Unclassifi
ed 
pneumoni
a 

90 
Not 
mention
ed 

Rah
man 
et al. 

2021 
Journal of 
Global Health 

Asia 
Banglades
h 

low 
Severe 
pneumoni
a 

90 

 OxiMax 
N-600; 
Nellcor, 
Boulder, 
CO, USA 

Roux 
et al. 

2021 PLoS One 
Afric
a 

South 
Africa 

low 

Unclassifi
ed 
pneumoni
a 

92 
Not 
mention
ed 

Shres
tha 
et al. 

2020 PLOS ONE Asia Nepal High 

Radiologic
al and 
non-
radiologic
al 
pneumoni
a 

90 

Mini 
SpO2, 
Criticare 
Systems
, USA 

Mur
o et 
al. 

2020 PLOS ONE 
Afric
a 

Tanzania Low 
Severe 
pneumoni
a 

90 
Not 
mention
ed  

Falad
e et 
al. 

2020 
Pediatr Infect 
Dis J. 

Sout
h 
Amer
ica 

Paraguay Low 
Radiologic
al 

90 
Not 
mention
ed 

Alfon
so et 
al. 

2021 

Journal of 
Pharmaceutic
al Policy and 
Practice 

Sout
h 
Amer
ica 

Colombia Low 
Bronchioli
tis 

90 
Not 
mention
ed 

Stoib
er et 
al. 

2020 
Journal of 
Medical 
Virology 

Afric
a 

Tunisia Low Other ARI 94 
Not 
mention
ed 

Mah
mou
d et 
al. 

2021 
Padiatric 
Research 

Afric
a 

Egypt Low 

Unclassifi
ed 
pneumoni
a 

94 
Not 
mention
ed 
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Supplementary table 3.6: Quality assessment of the studies reporting the prevalence of hypoxaemia 
among WHO-defined pneumonia  

Se
ria
l 

Author Was 
the 
sampl
e 
frame 
appro
priate 
to 
addre
ss the 
target 
popul
ation? 

Were 
study 
partic
ipants 
sampl
ed in 
an 
appro
priate 
way? 

Was 
the 
samp
le 
size 
adeq
uate
? 

Wer
e the 
stud
y 
subj
ects 
and 
the 
setti
ng 
desc
ribe
d in 
deta
il? 

Was 
the 
data 
analy
sis 
cond
ucte
d 
with 
suffic
ient 
cover
age 
of 
the 
ident
ified 
samp
le? 

Were 
valid 
metho
ds 
used 
for the 
identif
ication 
of the 
conditi
on? 

Was 
the 
condit
ion 
measu
red in 
a 
standa
rd, 
reliabl
e way 
for all 
partici
pants? 

Was 
there 
appro
priate 
statist
ical 
analy
sis? 

Was 
the 
respon
se rate 
adequa
te, and 
if not, 
was 
the low 
respon
se rate 
manag
ed 
approp
riately? 

1 Alwadhi 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

2 Asghar et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

3 Ashraf et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

4 Ashraf et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

5 Basnet et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

6 Bassat et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

7 Breiman 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

8 Chisti et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

9 Dembele 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

10 Fancourt 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

11 Gallagher 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

12 Graham 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

13 Izadnega
hdar et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

14 Jain et al. Yes Yes Yes Yes Yes Yes Yes Yes Yes 

15 Kuti et al. Yes Yes Yes Yes Yes Yes Yes Yes Yes 

16 Ma et al. Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Se
ria
l 

Author Was 
the 
sampl
e 
frame 
appro
priate 
to 
addre
ss the 
target 
popul
ation? 

Were 
study 
partic
ipants 
sampl
ed in 
an 
appro
priate 
way? 

Was 
the 
samp
le 
size 
adeq
uate
? 

Wer
e the 
stud
y 
subj
ects 
and 
the 
setti
ng 
desc
ribe
d in 
deta
il? 

Was 
the 
data 
analy
sis 
cond
ucte
d 
with 
suffic
ient 
cover
age 
of 
the 
ident
ified 
samp
le? 

Were 
valid 
metho
ds 
used 
for the 
identif
ication 
of the 
conditi
on? 

Was 
the 
condit
ion 
measu
red in 
a 
standa
rd, 
reliabl
e way 
for all 
partici
pants? 

Was 
there 
appro
priate 
statist
ical 
analy
sis? 

Was 
the 
respon
se rate 
adequa
te, and 
if not, 
was 
the low 
respon
se rate 
manag
ed 
approp
riately? 

17 McCollu
m et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

18 Nantanda 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

19 que et al. Yes Yes Yes Yes Yes Yes Yes Yes Yes 

20 Semperte
gui et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

21 Srinivasa
n et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

22 Tesfaye 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

23 Tiewsoh 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

24 Webb et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

25 Blanc et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

26 Chisti et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

27 Duke et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

28 Hooli et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

29 Janabi et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

30 Kelly et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

31 Kurade et 
al. 

Yes 
Uncle

ar 
Yes Yes Yes Yes Yes Yes Yes 

32 Laghari et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

33 Lima et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

34 Ma et al. Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Se
ria
l 

Author Was 
the 
sampl
e 
frame 
appro
priate 
to 
addre
ss the 
target 
popul
ation? 

Were 
study 
partic
ipants 
sampl
ed in 
an 
appro
priate 
way? 

Was 
the 
samp
le 
size 
adeq
uate
? 

Wer
e the 
stud
y 
subj
ects 
and 
the 
setti
ng 
desc
ribe
d in 
deta
il? 

Was 
the 
data 
analy
sis 
cond
ucte
d 
with 
suffic
ient 
cover
age 
of 
the 
ident
ified 
samp
le? 

Were 
valid 
metho
ds 
used 
for the 
identif
ication 
of the 
conditi
on? 

Was 
the 
condit
ion 
measu
red in 
a 
standa
rd, 
reliabl
e way 
for all 
partici
pants? 

Was 
there 
appro
priate 
statist
ical 
analy
sis? 

Was 
the 
respon
se rate 
adequa
te, and 
if not, 
was 
the low 
respon
se rate 
manag
ed 
approp
riately? 

35 Mackenzi
e et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

36 Mathisen 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

37 McCollu
m et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

38 McCollu
m et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

39 McCracke
n et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

40 Orimadeg
un et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

41 Rao et al. Uncle
ar 

Yes No Yes Yes Yes Yes Yes Yes 

42 Shrestha 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

43 Smith et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

44 Thomas 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

45 Tran et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

46 Tran et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

47 Yal  n et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

48 Lenahan 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

49 Morre et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

50 Mwaniki 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

51 Nemani 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Se
ria
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Author Was 
the 
sampl
e 
frame 
appro
priate 
to 
addre
ss the 
target 
popul
ation? 

Were 
study 
partic
ipants 
sampl
ed in 
an 
appro
priate 
way? 

Was 
the 
samp
le 
size 
adeq
uate
? 

Wer
e the 
stud
y 
subj
ects 
and 
the 
setti
ng 
desc
ribe
d in 
deta
il? 

Was 
the 
data 
analy
sis 
cond
ucte
d 
with 
suffic
ient 
cover
age 
of 
the 
ident
ified 
samp
le? 

Were 
valid 
metho
ds 
used 
for the 
identif
ication 
of the 
conditi
on? 

Was 
the 
condit
ion 
measu
red in 
a 
standa
rd, 
reliabl
e way 
for all 
partici
pants? 

Was 
there 
appro
priate 
statist
ical 
analy
sis? 

Was 
the 
respon
se rate 
adequa
te, and 
if not, 
was 
the low 
respon
se rate 
manag
ed 
approp
riately? 

52 Puumalai
nen et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

53 Oktaria et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

54 Rahman 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

55 Roux et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

56 Shrestha 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

57 Muro et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Supplementary table 3.7: Quality assessment of the studies reporting the prevalence of hypoxaemia 
among other lab diagnosed pneumonia classification 

Se
ria
l 

Author Was 
the 
sampl
e 
frame 
appro
priate 
to 
addre
ss the 
target 
popul
ation? 

Were 
study 
partici
pants 
sampl
ed in 
an 
appro
priate 
way? 

Was 
the 
samp
le 
size 
adeq
uate? 

Wer
e the 
stud
y 
subj
ects 
and 
the 
setti
ng 
desc
ribe
d in 
detai
l? 

Was 
the 
data 
analy
sis 
cond
ucted 
with 
suffic
ient 
cover
age 
of 
the 
ident
ified 
samp
le? 

Were 
valid 
metho
ds 
used 
for the 
identifi
cation 
of the 
conditi
on? 

Was 
the 
conditi
on 
measu
red in 
a 
standa
rd, 
reliabl
e way 
for all 
partici
pants? 

Was 
there 
appro
priate 
statist
ical 
analys
is? 

Was 
the 
respons
e rate 
adequa
te, and 
if not, 
was the 
low 
respons
e rate 
manag
ed 
approp
riately? 

1 Abdulka
dir et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

2 Araya et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

3 Benet et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

4 Chisti et 
al. 

No Yes No Yes Yes Yes Yes Yes Yes 

5 Ciftci et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

6 Fashanu 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

7 Kabir et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

8 Nathan 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

9 Nyawan
da et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

10 Pascoal 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

11 Pervaiz 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

12 Pukai et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

13 Rani et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

14 Reed et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

15 Ueno et 
al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

16 Falade 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Se
ria
l 

Author Was 
the 
sampl
e 
frame 
appro
priate 
to 
addre
ss the 
target 
popul
ation? 

Were 
study 
partici
pants 
sampl
ed in 
an 
appro
priate 
way? 

Was 
the 
samp
le 
size 
adeq
uate? 

Wer
e the 
stud
y 
subj
ects 
and 
the 
setti
ng 
desc
ribe
d in 
detai
l? 

Was 
the 
data 
analy
sis 
cond
ucted 
with 
suffic
ient 
cover
age 
of 
the 
ident
ified 
samp
le? 

Were 
valid 
metho
ds 
used 
for the 
identifi
cation 
of the 
conditi
on? 

Was 
the 
conditi
on 
measu
red in 
a 
standa
rd, 
reliabl
e way 
for all 
partici
pants? 

Was 
there 
appro
priate 
statist
ical 
analys
is? 

Was 
the 
respons
e rate 
adequa
te, and 
if not, 
was the 
low 
respons
e rate 
manag
ed 
approp
riately? 

17 Alfonso 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

18 Stoiber 
et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

19 Mahmo
ud et al. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Supplementary table 3.8   2     τ2                                                   reporting the 
prevalence of hypoxaemia among WHO-defined pneumonia 

Categories Sub-categories 
Heterogeneity  

statistic 
DF 

P-
value 

I2 τ2 

Region  

Asia 2722.26 23 0 99.16% 0.16 

Africa  6815.26 27 0 99.60% 0.13 

South America 1163.17 4 0 99.66% 0.32 

Multiple continent 649.64 3 0 99.54% 0.12 

Altitude  
High 736.45 5 0 99.32% 0.13 

Low 13687.19 53 0 99.61% 0.17 

Facility type 

Tertiary level referral 
facilities 

3886.90 31 0 99.20% 0.21 

Primary or secondary 
referral facilities  

1109.11 12 0 98.92% 0.11 

Health centres 604.13 5 0 99.17% 0.17 

Mixed setting  1794.99 5 0 99.72% 0.2 

Type of 
patients  

Emergency 476.44 7 0 98.53% 0.25 

Inpatient 4935.40 34 0 99.31% 0.15 

Outpatient  2270 12 0 99.47% 0.16 

Mixed  931.8 4 0 99.57% 0.04 

Hospitalisati
on status 

Hospitalised 6166.21 42 0 99.32% 0.18 

Non-hospitalised 2515.64 12 0 99.52% 0.19 

Mixed 918.55 3 0 99.67% 0.04 

Clinical 
severity 

Non-severe 
pneumonia 

108.07 4 0 96.30% 0.06 

Unclassified 
pneumonia 

5496.68 27 0 99.51% 0.1 

Very severe or severe 
pneumonia 

5013.99 27 0 99.46% 0.18 

Assessor 
Doctor 2674.06 15 0 99.44% 0.32 

Nurse/paramedics 3691.52 12 0 99.67% 0.08 

WHO IMCI 
2014 
classificatio
n 

Pre 13470.43 47 0 99.65% 0.16 

Post 1261.32 12 0 99.05% 0.25 

Publication 
Year 

Before 2015 4087.45 27 0 99.34% 0.20 

2015 and after 9981.15 32 0 99.68% 0.15 

SpO2 Cut off 
90% 10525.38 41 0 99.61% 0.18 

Others  5108.22 18 0 99.65% 0.24 

DF: Degreed of freedom 
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Supplementary table 3.9: Number of articles using different database  

Database # 

MEDLINE 425 

EMBASE 807 

GLOBAL HEALTH  130 

Cochrane 153 

Clinicaltrails.gov 85 

SCOPUS 665 

CINHAL 66 

PubMed  907 

Global Index Medicus (WHO) 376 

IndMed (Advanced) 33 

Web of Science (Advanced) 628 

 Total  4275 
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Supplementary table 3.10: Number of studies reporting the prevalence of hypoxaemia among 
WHO-defined pneumonia across various sub-groups  

Categories  Sub-categories  Number of Studies (#57) 

Region  
  
  
  

Asia 23 

Africa  26 

South America 4 

Multiple continent 4 

Altitude  

High 5 

Low 51 

Mixed  1 

Facility type 

Tertiary level referral facilities 30 

Primary or secondary referral facilities  12 

Health centres 5 

Mixed setting  6 

Not reported 3 

Type of patients  

Emergency 8 

Inpatient 32 

Outpatient  12 

Mixed  5 

Hospitalisation status 

Hospitalised 40 

Non-hospitalised 12 

Mixed 4 

Not reported 1 

Assessor 

Doctor 15 

Nurse/paramedics 12 

Doctors/nurses/paramedics 2 

Non clinical 2 

Not mentioned 23 

PO type mentioned 
Yes 29 

No 28 

PO probe type 

Adult 1 

Paediatric  13 

Not reported 43 

SpO2 cut off  

87% 1 

90% 38 

92% 12 

93% 2 

94% 1 

95% 2 

90-93% 1 
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Supplementary table 3.11: Prevalence of hypoxaemia among WHO-defined pneumonia before and 
after the change in pneumonia classification in 2014; presented in % 

Pneumonia 
classification 

IMCI classification version 
Prevalence of 
hypoxaemia 

Lower 
limit 

Upper 
limit 

  % % % 

Very severe or severe 
Pre 2014 (n = 24) 41 32 50 

2014 and after (n = 4) 40 37 43 

Non-severe 
Pre 2014 (n = 3) 10 2 24 

2014 and after (n = 2) 7 5 10 

Unclassified 
Pre 2014 (n = 21) 23 18 29 

2014 and after (n = 7) 32 9 60 

Overall 
Pre 2014 (n = 48) 31 26 36 

2014 and after (n = 13) 29 17 42 

Lower Limit: Lower Limit of 96% Confidence Interval 
Upper Limit: Upper Limit of 96% Confidence Interval 
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Supplementary table 3.12: Hypoxaemia prevalence among children with WHO-defined pneumonia 
across different subgroups, comparison between random-effects pooled estimate presented in % 
with 95% confidence interval and median with interquartile range  

  

Random 
Effects 
pooled 

estimate 

Lower 
limit 

Upper 
limit 

 
Median 

 
Q1 

 
Q3 

  % % %    

Region 

Asia 31 24 39 32 16 54 

Africa  28 22 34 27 9 40 

South America 38 16 62 28 26 51 

Multiple continent 36 21 54 34 24 50 

Altitude 
High 33 20 47 29 26 58 

Low 30 25 35 28 14 49 

Facility Type  

Referral - Tertiary  29 22 36 28 15 44 

Referral - Primary / 
Secondary 

42 33 51 40 28 57 

Health Centre  25 12 40 26 9 44 

Mixed setting 39 23 57 36 13 65 

Type of 
patients 

Emergency 47 30 64 50 33 60 

Inpatient 32 26 38 32 18 42 

Outpatient 23 15 33 26 7 35 

Mixed 17 11 24 16 8 18 

Hospitalisatio
n Status  

Hospitalised  33 27 39 32 18 49 

Non-hospitalised  29 19 40 30 9 51 

Mixed 17 10 24 12 6 34 

Clinical 
severity 

Very severe or 
severe  

41 33 49 39 27 57 

Unclassified   25 20 31 26 9 38 

Non-severe  8 3 16 8 4 14 

Assessor 

Doctor  41 28 55 39 23 58 

Nurse / 
paramedics 

16 10 23 9 5 28 

WHO IMCI 
2014 
classification 

Pre 31 26 36 28 15 51 

Post 29 17 42 32 14 42 

Publication 
Year  

Before 2015 33 25 41 30 18 54 

2015 and after  29 23 35 28 13 42 

SpO2 Cut off 
<90% 32 26 38 30 14 55 

Others  27 18 38 29 18 36 
Overall   31 26 36 28 14 50 

Lower Limit: Lower Limit of 96% Confidence Interval 
Upper Limit: Upper Limit of 96% Confidence Interval 
Q1: Quartile 1  
Q3: Quartile 3 
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3.7.2 Supplementary figure  

Supplementary figure 3.1: Hypoxaemia prevalence among children non-WHO-defined pneumonia; 
presented in % 

 
The broken red line shows the overall pooled prevalence of hypoxaemia. 
*Studies where SpO2 cut-off is >90% 
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Supplementary figure 3.2: Funnel plot to assess bias in the studies which reported hypoxaemia 
prevalence among children with WHO-defined non-severe pneumonia 
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Supplementary figure 3.3: Funnel plot to assess bias in the studies which reported hypoxaemia 
prevalence among children with WHO-defined severe or very severe pneumonia 
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Supplementary figure 3.4: Funnel plot to assess bias in the studies which reported hypoxaemia 
prevalence among children with unclassified pneumonia 
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Supplementary figure 3.5: Hypoxaemia prevalence among children with WHO-defined pneumonia 
by type of patients; presented in % 

 
 The broken red line shows the overall pooled prevalence of hypoxaemia. 
*Studies where SpO2 cut-off is >90% 
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Supplementary figure 3.6: Hypoxaemia prevalence among WHO-defined pneumonia by region; 
presented in % 

 
The broken red line shows the overall pooled estimate of prevalence of hypoxaemia. 
*Studies where SpO2 cut-off is >90% 

Heterogeneitybetween groups: p = 0.640

Overall (I 2 = 99.62%, p = 0.00);

South America

Smith et al. (2011)

 cCracken et al. (2013)

 cCracken et al. (2013)

Sempertegui et al. (2014)

 ima et al. (2015)

Subtotal (I 2 = 99.66%, p = 0.00)

 ul ple Con nent

Asghar et al. (2008)

I adnegahdar et al. (2012)

Fancourt et al.  (201 )

Gallagher et al.  (2020)

Subtotal (I 2 = 99.54%, p = 0.00)

Asia

Ashraf et al.  (2008)

Puumalainen et al. (2008)

Puumalainen et al. (2008)

Janabi et al. (2009)

Tiewsoh et al. (2009)

Ashraf et al.  (2010)

 athisen et al.  (2010)

Chis et al. (2011)

Chis et al. (2012)

Rao et al. (2012)

Jain et al. (2013)

Tran et al.  (2014)

Basnet et al. (2015)

Thomas et al. (2015)

Nemani et al.  (2016)

Tran et al.  (2016)

Alwadhi et al. (201 )

Kurade et al. (2018)

Yal  n et al.  (2018)

Dembele et al. (2019)

 aghari et al.  (2019)

Shrestha, et al. (2020)

Rahman et al. (2021)

Oktariaet al. (2021)

Subtotal (I 2 = 99.16%, p = 0.00)

Study

Africa

Duke et al. (2008)

Nantanda et al.  (2008)

 wanikiet al. (2009)

 wanikiet al. (2009)

Sigauque et al. (2009)

Srinivasanet al. (2012)

Webb et al. (2012)

Ku  et al. (2013)

Orimadegun et al. (2013)

Kelly et al. (2014)

Breiman et al. (2015)

Bassat et al. (2016)

 cCollum et al. (2016)

 acken ie et al. (201 )

 cCollum et al. (201 )

Blanc et al. (2019)

 a et al. (2019)

 a et al. (2019)

 cCollum, et al. (2019)

 orre et al. (2019)

Graham et al. (2020)

Hooli et al. (2020)

Hooli et al. (2020)

 enahan et al.  (2020)

 uro et al. (2020)

Tesfaye et al. (2020)

Rou  et al. (2021)

Saleh et al.  (2021)

Subtotal (I 2 = 99.60%, p = 0.00)

30.51 (25. 3, 35.51)

26.1 (22.86, 29. 0)

2 .86 (26.39, 29.3 )

5.40 (4.02,  .0 )

85.11 (81.48, 88.2 )

51.33 (46.61, 56.02)

3 .55 (16.01, 62.08)

64.61 (61.49, 6 .65)

15.50 (13.66, 1 .4 )

35.98 (34.41, 3 .58)

32.94 (30.69, 35.24)

36.43 (20.92, 53.55)

56.9 (50.60, 63.18)

39.09 (29.93, 48.86)

13. 4 (11. 0, 15.98)

6. 3 (2. 5, 13.38)

62.00 (54.89, 68. 5)

52.50 (4 .20, 5 . 6)

30.19 (28.29, 32.15)

5 .01 (4 .08, 66.54)

55.05 (4 .84, 62.11)

36.99 (29.15, 45.36)

1 .68 (12.42, 24.03)

24.58 (22.04, 2 .26)

62.04 (58.02, 65.95)

 .42 (6.50, 8.43)

19.80 (12.54, 28.91)

8.50 (6.91, 10.33)

50.89 (41.2 , 60.46)

1 .50 (11.1 , 25.50)

1 .54 (11.06, 25. 9)

12.94 (12.03, 13.90)

34.00 (24.82, 44.15)

58.13 (50.08, 65.8 )

39.98 (38.11, 41.88)

13.53 (8.22, 20.54)

31.41 (24.04, 39.29)

ES (95% CI)

5 .09 (52.94, 61.1 )

39.49 (31. 9, 4 .59)

9.33 (8.52, 10.19)

2.01 (1.10, 3.35)

25.84 (22.60, 29.29)

28.98 (24.29, 34.02)

23.59 (20.16, 2 .30)

19.29 (15.62, 23.39)

49.20 (43.53, 54.88)

38.66 (32.43, 45.16)

35.34 (33.50, 3 .21)

2 .88 (24.84, 31.0 )

9.33 (8.61, 10.09)

3.92 (3.64, 4.22)

8.30 ( .98, 8.63)

2.80 (1. 9, 4.18)

85.81 ( 9.30, 90.89)

85.81 ( 9.30, 90.89)

64.44 (60.61, 68.14)

4.1 (1.3 , 9.46)

41.54 (38. 0, 44.42)

14.69 (12.93, 16.59)

25. 3 (19.91, 32.26)

8.49 (6.05, 11.51)

32.40 (26.64, 38.58)

43.92 (35. 8, 52.31)

32.28 (24.26, 41.15)

26.6 (20.36, 33. 6)

2 .66 (21.84, 33.89)

661

3550
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Supplementary figure  3.7: Hypoxaemia prevalence among children with WHO-defined pneumonia 
by publication year; presented in % 

 
The broken red line shows the overall pooled prevalence of hypoxaemia. 
*Studies where SpO2  cut-off is >90% 
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Supplementary figure  3.8: Hypoxaemia prevalence among WHO-defined pneumonia by facility 
type; presented in % 

 
The broken red line shows the overall pooled prevalence of hypoxaemia. 
*Studies where SpO2 cut-off is >90% 

Study ES (95%CI) N

Healthcentre

Ashraf et al. (2008) 5 (51, 63) 251

Smithet al. (2011) 26 (23, 30) 661

 cCollumet al. (2016) 9 (9,10) 608 

Blanc et al. (2019) 3 (2,4) 820

Hooli et al. (2020) 26 (20, 32) 206

Tesfayeet al. (2020) 44 (36, 52) 148

Subtotal (I 2= 99%, p = 0) 25 (12, 40)

Ter ary referral

Nantandaet al. (2008) 39 (32, 48) 15 

Puumalainenet al. (2008) 39 (30, 49) 110

Puumalainenet al. (2008) 14 (12, 16) 1041

Janabiet al. (2009)  (3,13) 104

 wanikiet al. (2009) 9 (9,10) 4 92

 wanikiet al. (2009) 2 (1,3) 69 

Sigauqueet al. (2009) 26 (23, 29) 685

Tiewsoh et al. (2009) 62 (55, 69) 200

Ashraf et al. (2010) 52 (4 , 58) 360

I adnegahdaret al. (2012) 15 (14, 1 ) 1439

Raoet al. (2012) 3 (29, 45) 146

Srinivasanet al. (2012) 29 (24, 34) 352

Jainet al. (2013) 18 (12, 24) 181

Orimadegunet al. (2013) 49 (44, 55) 313

Kelly et al. (2014) 39 (32, 45) 238

Semperteguiet al. (2014) 85 (81, 88) 450

Tranet al. (2014) 25 (22, 2 ) 1082

Basnet et al. (2015) 62 (58, 66) 598

 imaet al. (2015) 51 (4 , 56) 452

Thomaset al. (2015)  ( ,8) 2951

Nemaniet al. (2016) 20 (13, 29) 101

Tranet al. (2016) 9 ( ,10) 1082

Alwadhi et al. (201 ) 51 (41, 60) 112

Kuradeet al. (2018) 18 (11, 25) 120

Yal  net al. (2018) 18 (11, 26) 114

 aghariet al. (2019) 34 (25, 44) 100

 orre et al. (2019) 4 (1,9) 120

Gallagheret al. (2020) 33 (31, 35) 1682

 uro et al. (2020) 32 (2 , 39) 250

Shrestha,et al. (2020) 58 (50, 66) 160

Oktariaet al. (2021) 14 (8, 21) 133

Salehet al. (2021) 2 (20, 34) 180

Subtotal (I 2= 99%, p = 0) 29 (22, 36)

 i ed

Asghar et al. (2008) 65 (61, 68) 958

Breimanet al. (2015) 35 (33, 3 ) 2592

Fancourtet al. (201 ) 36 (34, 38) 35  

Dembeleet al. (2019) 13 (12, 14) 5054

 aet al. (2019) 86 ( 9, 91) 155

 enahanet al. (2020) 8 (6,12) 436

Subtotal (I 2= 100%, p= 0) 39 (23, 5 )

Primary/Secondary

Dukeet al. (2008) 5 (53, 61) 5 8

 athisenet al. (2010) 30 (28, 32) 2219

Chis et al. (2011) 5 (4 , 6 ) 10 

Chis et al. (2012) 55 (48, 62) 198

Webb et al. (2012) 24 (20, 2 ) 568

Ku et al. (2013) 19 (16, 23) 420

Bassat et al. (2016) 28 (25, 31) 825

 aet al. (2019) 86 ( 9, 91) 155

 cCollum,et al. (2019) 64 (61, 68) 644

Grahamet al. (2020) 42 (39, 44) 11 0

Hooli et al. (2020) 15 (13, 1 ) 1491

Subtotal (I 2= 99%, p = 0) 43 (32, 54)

Not men oned

 cCrackenet al. (2013) 28 (26, 29) 3550

 cCrackenet al. (2013) 5 (4, ) 908

 acken ieet al. (201 ) 4 (4,4) 1 136

 cCollumet al. (201 ) 8 (8,9) 2 586

Subtotal (I 2= 100%, p= 0) 10 (4, 18)

Primary/Secondaryreferral

Rahmanet al. (2021) 40 (38, 42) 2646

Rou et al. (2021) 32 (24, 41) 12 

Subtotal (I 2 =.%, p = .) 40 (38, 41)

Heterogeneitybetweengroups: p = 0.000

Overall (I 2= 100%, p = 0); 31 (26, 36)

10 20 30 40 50 60  0 80 90 100

Prevalence

Prevalence of Hypo aemia
Among WHO classi ed Pneumonia cases  By Type of Facility
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Supplementary figure  3.9: Hypoxaemia prevalence among WHO-defined pneumonia by patient 
status; presented in % 

 

The broken red line shows the overall pooled prevalence of hypoxaemia. 
*Studies where SpO2 cut-off is >90% 

Heterogeneity between groups: p = 0.000

Overall (I 2 = 99.62%, p = 0.00);

Not men oned

 cCracken et al. (2013)

 i ed

Ashraf et al. (2010)

I adnegahdar et al. (2012)

 acken ie et al. (201 )

 cCollum et al. (201 )

Subtotal (I 2 = 99.6 %, p = 0.00)

Not hospitalised

Ashraf et al. (2008)

 athisen et al. (2010)

Smith et al. (2011)

Basnet et al. (2015)

Breiman et al. (2015)

Thomas et al. (2015)

 cCollum et al. (2016)

Alwadhi et al. (201 )

Blanc et al. (2019)

 orre et al. (2019)

Hooli et al. (2020)

Shrestha, et al. (2020)

Tesfaye et al. (2020)

Subtotal (I 2 = 99.52%, p = 0.00)

Hospitalised

Asghar et al. (2008)

Duke et al. (2008)

Nantanda et al. (2008)

Puumalainen et al. (2008)

Puumalainen et al. (2008)

Janabi et al. (2009)

 waniki et al. (2009)

 waniki et al. (2009)

Sigauque et al. (2009)
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Supplementary figure  3.10: Difference in classification and treatment of children age 2-59 months 
presenting with cough or difficult breathing according to the IMCI guidelines (2008 vs. 2014) 
(adopted from the WHO evidence summary) 

 

† Not able to drink, persistent vomiting, convulsions, lethargic or unconscious, stridor in a calm child 
or severe malnutrition. 
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Chapter 4: BURDEN OF HYPOXAEMIA AMONG CHILDREN 

WITH PNEUMONIA IN BANGLADESH 

One of my general objectives was to estimate the burden of hypoxaemia among 

children with pneumonia. The specific research question 2 was to assess the burden 

of hypoxaemia among children with pneumonia in Bangladesh.   

Table 4.1 General objectives and specific research questions 

Sl # Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1. What is the burden of hypoxaemia among children with pneumonia LMICs? 

2. What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including 
hypoxaemia in Bangladesh 

3. What is the context of childhood pneumonia-related deaths in Bangladesh? 

4. 
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5. 
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6. 
What is the adequacy of the training package developed for introducing pulse oximetry in 
routine IMCI services in Bangladesh?  

7. 
What is the feasibility of implementing the district model for introducing pulse oximetry 
in routine IMCI services in Bangladesh? 

The work presented in the chapter 4 was published in The Journal of Global Health 

in 2021.  

Title: Hypoxaemia prevalence and its adverse clinical outcomes among children 

hospitalised with WHO-defined severe pneumonia in Bangladesh 

Authors: Ahmed Ehsanur Rahman (myself), Aniqa Tasnim Hossain, Mohammod 

Jobayer Chisti, David H Dockrell (co-supervisor), Harish Nair (co-supervisor), Shams 

El Arifeen (co-supervisor), and Harry Campbell (supervisor). 

URL: https://jogh.org/documents/2021/jogh-11-04053.pdf 
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4.1 ABSTRACT 

4.1.1 Background  

With an estimated 1 million cases per year, pneumonia accounts for 16% of all under-

5 deaths globally, and hypoxaemia is one of the strongest predictors of mortality. 

Most of these deaths are preventable and occur in low- and middle-income 

countries. Bangladesh is among the six high burden countries with an estimated 4 

million pneumonia episodes annually. There is a gap in updated evidence on the 

prevalence of hypoxaemia among children with severe pneumonia in high burden 

countries, including Bangladesh. 

4.1.2 Methods  

We conducted a secondary analysis of data obtained from icddr,b-Dhaka Hospital, a 

secondary level referral hospital located in Dhaka, Bangladesh. We included 2646 

children aged 2-59 months admitted with WHO-defined severe pneumonia during 

2014-17. The primary outcome of interest was hypoxaemia, defined as SpO2<90% on 

admission. The secondary outcome of interest was adverse clinical outcomes 

defined as deaths during hospital stay or referral to higher-level facilities due to 

clinical deterioration. 

4.1.3 Results  

On admission, the prevalence of hypoxaemia among children hospitalised with 

severe pneumonia was 40%. The odds of hypoxaemia were higher among females 

(adjusted Odds ratio AOR=1.44; 95% CI, 1.22 to 1.71) and those with a history of 

cough or difficulty in breathing for 0-48 hours before admission (AOR=1.61; 95% CI, 
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1.28 to 2.02). Among all children with severe pneumonia, 6% died during the hospital 

stay, and 9% were referred to higher-level facilities due to clinical deterioration. 

Hypoxaemia was the strongest predictor of mortality (AOR=11.08; 95% CI, 7.28 to 

16.87) and referral (AOR=5.94; 95% CI, 4.31 to 17) among other factors such as age, 

sex, history of fever and cough or difficulty in breathing, and severe acute 

malnutrition. Among those who survived, the median duration of hospital stay was 

7 days (IQR 4-11) in the hypoxaemic group and 6 days (IQR 4-9) in the non-

hypoxaemic group, and the difference was significant at p<0.001. 

4.1.4 Conclusion  

The high burden of hypoxaemia and its clinical outcomes call for urgent attention to 

promote oxygen security in low resource settings like Bangladesh. The availability of 

pulse oximetry for rapid identification and an effective oxygen delivery system for 

immediate correction should be ensured for averting many preventable deaths.  
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4.2 BACKGROUND 

Pneumonia accounts for approximately 16% of all under-5 deaths, making it one of 

the leading causes of mortality in this age group globally (1). Most of these deaths 

are preventable and occur in low- and middle-income countries (LMICs) (2, 3). 

Considering the high morbidity and mortality burden, the World Health Organisation 

(WHO) and UNICEF declared it the ma or “forgotten killer of children” (4). 

Hypoxaemia, defined as low oxygen saturation in arterial blood (peripheral capillary 

oxygen saturation (SpO2<90%) by the World Health Organization, is a common 

complication of pneumonia and other acute lower respiratory infections (ALRIs) with 

wide variations in prevalence across different clinical severity classifications and 

geographical areas (5, 6). Hypoxaemia is one of the strongest predictors of mortality 

among children suffering from pneumonia and other ALRIs (7, 8). Most of the 

hypoxaemia-related deaths can be prevented by routine assessment, early 

detection, and rapid correction through appropriate oxygen therapy (9, 10). 

Bangladesh is one of six high burden countries with an estimated 4 million episodes 

of clinical pneumonia and 677,000 episodes of severe pneumonia annually among 

children under-5 years of age (11). Like many other LMICs, pneumonia is the primary 

killer among this age group causing approximately 19% of all under-5 deaths in 

Bangladesh (12). Therefore, in addition to achieving high coverage of Pneumococcal 

Vaccine and Haemophilus Influenzae Type b for prevention and ensuring appropriate 

antibiotic therapy for treatment, timely management of hypoxaemia is essential to 

avert these preventable deaths and achieve the 2025 Global Action Plan for 

Pneumonia and Diarrhoea (GAPPD) target (13-15). 
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WHO recommends routine assessment of hypoxaemia at the first point of contact 

and ensuring oxygen therapy in inpatient care, but there are significant gaps 

between policy and actual clinical practices (16, 17). In Bangladesh, very few public 

and private hospitals have the provision for routine assessment of hypoxaemia 

among children presenting with pneumonia or other ALRIs (18). Hence, there are 

scant data regarding the current prevalence of hypoxaemia among children with 

pneumonia. This paper aims to assess the prevalence of hypoxaemia, disaggregated 

by background characteristics and clinical history, among children hospitalised with 

WHO-defined severe pneumonia in a non-government hospital in Bangladesh. We 

also explore the contribution of hypoxaemia as a predictor of death and referral due 

to clinical deterioration. 

4.3 METHODS 

4.3.1 Study design  

We conducted a secondary analysis of data obtained from icddr,b-Dhaka Hospital, a 

non-government hospital located in Dhaka, Bangladesh’s capital. 

The icddr,b-Dhaka Hospital provides treatment to approximately 200,000 patients 

annually, of which more than half are children under-5 years of age (19). Most of 

these patients are from a low-socioeconomic background, principally residing in 

urban or peri-urban Dhaka. Diarrhoea is the primary entry point for admission to 

icddr,b-Dhaka Hospital; however, children with cough and respiratory distress 

receive treatment irrespective of their diarrhoea status. Most patients are treated 

through the short stay ward (less than 24 hours). They are admitted to the special 
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care ward (SCW) if severe complications, including pneumonia and other ALRI. The 

SCW of icddr,b treats on average 1200 under-5 children per year, and among which 

almost 50% are severe pneumonia cases. There are nine fixed beds in SCW. Extra 

beds are provided for sick children when there is a surge of severe patients, including 

pneumonia. This SCW has mechanical ventilators, non-invasive ventilation, piped 

oxygen, cardiac monitors, pulse oximetry, infusion pumps, syringe pumps, and 

inotropes and vasopressor drugs. All children with severe pneumonia and 

hypoxaemia used to receive (since August 2013) locally made low-cost bubble-

continuous positive airway pressure (CPAP) as a part of the hospital standard of care. 

In this secondary analysis, we included all children aged 2-59 months admitted to the 

SCW with WHO-defined severe pneumonia between 2014 and 2017. 

All children admitted to SCW were seen by the attending physician, who performed 

a physical examination. The on-duty hospital nurses collected the background 

characteristics (including age) and the history of illness based on a standard form as 

a part of routine practice. In addition, they also measured the height and weight on 

admission. WHO reference value was used to calculate the z-score and classify the 

malnutrition level. The attending nurse also measured SpO2 for all children 

presenting with cough and difficulty in breathing on admission. A portable pulse 

o imetry (O i a  N 600; Nellcor, Boulder, CO, USA) with a paediatric probe was 

used for SpO2 assessment. The clinical definition of the 2013 version of the WHO 

Pocketbook of Hospital Care for Children was used for pneumonia classification (20). 

Severe pneumonia was defined as children with a history of cough and difficulty in 
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breathing with central cyanosis or SpO2<90% or severe respiratory distress defined 

as grunting or very severe chest indrawing or signs of pneumonia according to WHO 

Pocket Book of Hospital Care for Children: Guidelines for the Management of 

Common Childhood Illnesses (20) (≥50 breaths per minute in a child aged 2-11 

months, and ≥40 breaths per minute in a child aged 12-59 months), with any of the 

following danger signs: lethargy, unable to breastfeed or drink, convulsion, loss of 

consciousness. We extracted data from electronic individual patient records and 

included all children with WHO-defined severe pneumonia for this analysis. 

Children admitted to the SCW with severe pneumonia received antibiotics and 

supportive care following the WHO-pocket book guidelines (20). Moreover, they 

received frequent monitoring by the clinical team and nutritional support (breast 

milk, micronutrients, zinc). In addition, all children with hypoxaemia received O2 

supplementation through nasal prongs using the locally made bubble CPAP (21). 

4.3.2 Analysis plan 

We used Stata version 14.0 (22) for data analysis. The primary outcome of interest 

was hypoxaemia on admission, and we used the WHO recommended cut-off of 

SpO2<90% (20, 23). The secondary outcome of interest was adverse clinical 

outcomes defined as deaths during hospital stay or referral to higher-level facilities 

due to clinical deterioration. We used descriptive statistics (proportion with 95% 

confidence intervals) to report the prevalence of hypoxaemia, which was 

disaggregated by background characteristics (age and sex), history of illness (number 

of days suffering from fever and cough or difficulty in breathing before admission) 
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and presence of comorbidities (severe acute malnutrition- as  −3  score of weight 

for age). We also presented the seasonal variations in hypoxaemia prevalence by 

quarter. The average annual rate of increase was estimated using the following 

equation: r=[ln(p2/p1)]/(t2-t1), where t1 is the first time-point, t2 is the last time-

point, p1 is prevalence in t1 and p2 is prevalence in t2. We used multiple logistic 

regression to present the relationship of different risk factors (background 

characteristics such as age and sex, history of illness and comorbidities) with 

hypoxaemia status after adjusting for the effect of potential confounders and 

covariates. We followed a similar approach to present the relationship between 

hypoxaemia status and adverse hospital outcomes (death during hospitalisation or 

referral to higher-level facilities due to clinical deterioration separately and a 

composite indicator). The risks were presented with adjusted odds ratios (AORs) with 

95% confidence intervals (CI). Among those who were alive at the end of their 

hospital stay, we estimated the median duration of hospital stay with the inter-

quartile range (IQR). Those who died during the hospital stay or left the hospital 

against medical advice were treated as missing values for this analysis. The 

difference in the median duration of hospital stay by their hypoxaemia status on 

admission was assessed using the nonparametric equality of medians test since they 

were not normally distributed. Shapiro-Wilk and Shapiro-Francia tests were used for 

testing the normality of distribution. 

4.3.3 Ethical considerations 

We obtained routine health data from icddr,b-Dhaka hospital’s patient records. The 

researchers were not directly involved with services and did not have any interaction 
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with the patients during the data collection. Ethical approval for this study was 

obtained from the Institutional Review Board of icddr,b (PR-18054). 

4.4 RESULTS 

A total of 2646 children met the inclusion criteria, and all were included in the 

analysis. Table 4.2 presents the background characteristics of the children who were 

included in this analysis. Around 70% of children were aged 2-11 months, and 65% 

were male. Approximately 60% of them had a history of fever, and 25% had a history 

of difficulty in breathing before admission. Around 42% of them had severe acute 

malnutrition. 

Table 4.2: Background characteristics of children aged 2-59 months admitted to icddr,b-Dhaka 
Hospital with WHO-defined severe pneumonia between 2014-17;  presented in %; N=2646 

 
N % 

Age 

2-11 months 1,895 72 

12-59 months 751 28 

Sex 

Male 1,707 65 

Female 939 35 

History of fever 

No fever 1,101 42 

0-1 days 239 9 

2-6 days 1,040 39 

7 or more days 266 10 

History of cough or difficulty in breathing 

No respiratory distress 1,949 74 

0-48 hours 384 14 

More than 48 hours 313 12 

Severe Acute Malnutrition 

No 1,116 42 

Yes 1,530 58 

Total 2,646 100 

Figure 4.1 represents the hypoxaemia prevalence disaggregated by background 

characteristics, clinical history, and comorbidities. On admission, the overall 

prevalence was 40% (95% CI, 38 to 42). The prevalence was higher among females 

(46%; 95% CI, 43 to 49) and those who had a history of fever for 0-1 days (47%; 95% 
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CI, 41 to 55) and cough or difficulty in breathing for 0-48 hours (53%, 95% CI, 48 to 

58) before admission. Although not statistically significant, the prevalence of 

hypoxaemia was somewhat higher among the younger age group than that of older 

children (Supplementary figure 4.1)  
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Figure 4.1: Hypoxaemia prevalence among children aged 2-59 months admitted to icddr,b Dhaka 
Hospital with WHO-defined pneumonia between 2014-17 by background characteristics; presented 
in %; N=2646. 

 

Figure 4.2 represents the seasonal variation in hypoxaemia prevalence between 

2014 and 2017. Here the prevalence (%) is presented with the line-graph, and the 

number of children hospitalised with severe pneumonia is presented with the 

column-graphs. Although no notable seasonal pattern was observed, the average 

annual prevalence increased from 32% in 2014 to 51% in 2018. The average annual 

rate of increase was around 19%.  
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Figure 4.2: Hypoxaemia prevalence among children aged 2-59 months admitted to icddr,b Dhaka 
Hospital with WHO-defined pneumonia between 2014-17 by quarters; presented in %; N=2646 

 
Qi: Quarteri, Expon: Exponential 

 

Table 4.3 represents the relationship of various risk factors with the hypoxaemia 

status of children. The odds of hypoxaemia were higher among females (AOR=1.44; 

95% CI, 1.22 to 1.71). It was also higher among children who had a history of cough 

or difficulty in breathing for 0-48 hours on admission (AOR=1.61; 95% CI, 1.28 to 

2.02). 
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Table 4.3: Association between various risk factors and hypoxaemia status of children aged 2-59 
months admitted to icddr,b-Dhaka Hospital with WHO-defined severe pneumonia between 2014-
17; presented in odds ratio and adjusted odds ratio with 95% confidence interval ; N=2646 

 Prevalence 
(%) 

OR  
(95% CI) 

AOR  
(95% CI) 

Age 

2-11 months 41 Reference Reference 

12 months-59 months 38 0.88 (0.74,1.05) 0.85 (0.71,1.02) 

Sex 

Male 37 Reference Reference 

Female 46 1.45 (1.23,1.7) 1.44 (1.22,1.71) 

History of fever 

No fever 38 Reference Reference 

0-1 days 47 1.48 (1.12,1.96) 1.3 (0.97,1.75) 

2-6 days 41 1.15 (0.97,1.37) 1.04 (0.87,1.25) 

7 or more days 39 1.06 (0.81,1.4) 1.1 (0.82,1.46) 

History of cough or difficulty in breathing 

No respiratory distress 37 Reference Reference 

0-48 hours 53 1.91 (1.53,2.38) 1.61 (1.28,2.02) 

More than 48 hours 43 1.27 (1,1.62) 1.1 (0.86,1.42) 

Severe Acute Malnutrition 

No  55 Reference Reference 

Yes 29 0.34 (0.29,0.39) 0.35 (0.3,0.41) 

Total 40   

OR: Odds Ratio 
AOR: Adjusted Odds Ratio 
95% CI: 95% confidence interval 

Among all children admitted with WHO-defined severe pneumonia, 79% were 

discharged with medical advice, 6% died during admission, 9% were referred to a 

higher-level facility due to clinical deterioration, and another 6% left the hospital 

against medical advice. Among the children with hypoxaemia, a higher proportion 

(13%) died during the hospital stay or referred to a higher-level facility (17%), in 

comparison to those who did not have hypoxaemia (dead 2%, referred 4%) 

(Supplementary figure 4.2). The overall case-fatality rate was 7.5% over the study 

period, which was significantly (p<0.01) higher among the children who had 

hypoxaemia on admission (17.1%), compared to those who did not (2.1%). 

Supplementary figure 4.3 present the trend in case-fatality rate by years. 
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Figure 4.3 presents the association between hypoxaemia status and adverse clinical 

outcomes (death or referrals to a higher-level facility due to deterioration in the 

patient’s condition). Hypoxaemia is the strongest predictor of adverse clinical 

outcomes (AOR=7.59; 95% CI, 5.84 to 9.86). History of fever for more than 7 days 

(AOR=1.53; 95% CI, 1.05 to 2.25) was another significant predictor of adverse 

outcomes. Hypoxaemia was also the strongest predictor of mortality (AOR=11.08; 

95% CI, 7.28 to 16.87) and referral (AOR=5.94; 95% CI, 4.31 to 8.17) independently. 

The details of the multivariable regression model are presented in supplementary 

table 4.1, 4.2, and 4.3.  

Figure 4.3: Association of adverse clinical outcomes with hypoxaemia, other background 
characteristics and history of illness among children aged 2-59 months admitted to icddr,b Dhaka 
Hospital with WHO-defined severe pneumonia between 2014-17; presented in adjusted odds ratio 
with 95% confidence interval; N=2646. 

 
AOR: Adjusted Odds Ratio 
95% CI: 95% Confidence Interval 

 

Figure 4.4 presents the difference in median duration for hospital stay by 

hypoxaemia status on admission. The median duration was 7 (IQR, 4 to 11) days 
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among those who had hypoxaemia and 5 (IQR, 4 to 9) days among those who did not 

have hypoxaemia. The difference was significant at P<0.001. 

Figure 4.4: Box plot of the duration of hospital stay by hypoxaemia status on admission among 
those who were alive at the end of hospital stay; presented in median days with interquartile range 
(N=2646) 

 

4.5 DISCUSSION 

We found that the prevalence of hypoxaemia among children hospitalised with 

severe pneumonia was 40% on admission. The odds of hypoxaemia were higher 

among females and those with a history of cough or difficulty in breathing. 

Hypoxaemia was the strongest predictor of death or referral to a higher-level facility 

among other covariates such as age, sex, history of fever and cough or difficulty in 

breathing and malnutrition. The median duration of hospital stay was significantly 

higher in the hypoxaemic group than in the non-hypoxaemic group. 

Hypoxaemia is common among children with pneumonia and requires aggressive 

correction with oxygen therapy to prevent mortality and long-term consequences. 

Data to derive the local prevalence of hypoxaemia and its adverse consequences are 
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crucial for the health care providers to appreciate the importance of routine 

assessment of hypoxaemia and for policymakers to prioritise relevant interventions 

in programme planning. We report the most up-to-date estimate of the prevalence 

of hypoxaemia and its adverse clinical outcomes in Bangladesh. 

The hypoxaemia prevalence (40%) reported in our study is somewhat similar to the 

systematic review conducted by Lozano et al. in 2001 but much higher than the one 

conducted by Subhi et al. in 2009 (5, 6). However, the 2009 review also reported 

wide variations between clinical severity classifications as the prevalence of 

hypoxaemia ranged from 9% to 39% among pneumonia cases in Asia. Moreover, the 

2009-review followed the pre-2013 WHO-classification, including chest indrawing as 

a sign of severe pneumonia. Chest indrawing is a common sign of pneumonia but a 

relatively weak predictor of its clinical severity (24-26). On the contrary, we included 

only hospitalised children with severe pneumonia and followed the 2013 WHO-

classification, which dropped chest indrawing as a sign of severe pneumonia (20). 

Moreover, the hypoxaemia prevalence reported in this paper is within the ranges of 

several other conducted in some South-Asian (17% to 57%) and African countries 

(18% to 57%) and published after 2009 (27-33). 

The hypoxaemia prevalence reported in this paper is based on children admitted in 

icddr,b-Dhaka hospital, a non-government hospital located in Bangladesh’s capital. 

We acknowledge that the results are not representative of all types (public and 

private) and levels (health centre, primary, secondary, and tertiary) of health 

facilities in Bangladesh. However, icddr,b mainly deals with primary cases of 
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pneumonia and serves as the primary point for contact for severe and relatively 

complicated cases to its catchment population due to its good reputation for 

pneumonia care in the catchment communities. It provides all services free of cost, 

and the majority of patients receiving care from icddr,b-Dhaka hospital is from a low-

socioeconomic background. Hence, it is comparable to the district- and upazila- (sub-

district level public hospitals where people with access to less financial resources 

predominately seek free-of-cost services. Another important consideration is the 

issue of selection bias. Although the icddr,b-Dhaka hospital is specialised for treating 

diarrhoea, all children meeting the criteria for hospitalisation based on the WHO-

pneumonia-classifications were offered admission irrespective of their diarrhoea 

status and other comorbid conditions (20). All eligible children admitted to the 

special care ward were included in this analysis. Hence, we are confident that the 

prevalence estimate is not majorly influenced by selection bias. Lastly, the accuracy 

and reliability of hypoxaemia measurements are critical to the internal validity of the 

relevant estimates. In our study, SpO2 assessment was included as a part of the 

routine assessment on admission, and trained nurses measured the SpO2 status with 

handheld pulse oximetry with an appropriate paediatric probe. The clinical 

assessment and physical examination were conducted by trained doctors, which 

added additional value to the validity of relevant measurements. Moreover, our 

study was conducted immediately after completing the randomised control trial on 

bubble CPAP in icddr,b-Dhaka hospital (21). Therefore, the knowledge, skill, and 

behaviour of the clinical team responsible for the management of pneumonia were 

optimum, resulting in almost universal assessment and documentation of 
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hypoxaemia status among all children admitted with a history of cough or difficulty 

in breathing. It explains the unusually low level of data missingness regarding 

hypoxaemia status on admission in our study. 

We found that hypoxaemia on admission was associated with a short history of 

cough or difficulty in breathing, as reported by the parents. The association was less 

strong with a relatively long history. The severity of complications on admission can 

explain this. Parents are more likely to seek care from a hospital with a short history 

of acute respiratory complaints if they perceive it as more severe or the condition 

deteriorates rapidly. Gender preference in care-seeking practices can explain the 

difference observed in hypoxaemia prevalence among boys and girls. A survey with 

a nationally representative sample in Bangladesh found that boys were more likely 

than girls to be taken to a health facility or provider (46% and 31%, respectively) for 

acute respiratory infections (12). Similarly, other studies based in hospital settings 

demonstrated a sex-based disparity in the severity of pneumonia and deaths among 

children admitted to hospitals in Bangladesh (34-37). Therefore, it is highly likely that 

the female children included in our analysis were brought to the hospital in a more 

critical stage than their male counterparts. We found that hypoxaemia on admission 

was strongly associated with the nutritional status. Although we found a negative 

association, another study conducted in similar settings did not find any significant 

associations between nutritional status and hypoxaemia (38). 

We present the hypoxaemia prevalence disaggregated by 16 quarters between 2014 

and 2017. Although we did not find any notable seasonal variation, the hypoxaemia 
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prevalence increased at an average annual rate of around 19% during this period. 

The introduction of PCV and Hib vaccine in the national immunisation programmes 

in several countries, including Bangladesh, resulted in a significant reduction in 

bacterial pneumonia, which has consequently made RSV and other viruses the 

common pathogens causing pneumonia among children (39-43). This change in the 

pneumonia aetiology may shift clinical features, including hypoxaemia, as 

approximately 20% of the hospitalised children with Respiratory Syncytial Virus- 

Acute Lower Respiratory Infections (RSV-ALRI) have hypoxaemia (44). This may 

explain the change in hypoxaemia prevalence that we observed during the study 

duration. Another potential explanation could be the pneumonia care-seeking 

practice in Bangladesh. According to the Bangladesh Demographic and Health 

surveys, care-seeking for parents reported acute respiratory infection from the 

medically trained provider had increased from 20% in 2004 to 40% in 2017, implying 

that the parents are more aware of pneumonia-related symptoms and complications 

(12). Hence, appropriate care-seeking practices from health facilities and formal 

health care providers may have contributed to better capturing the more 

complicated cases, including hypoxaemia, through hospital-based assessments. 

There is significant debate regarding clinical prognostic factors, in addition to SpO2 

status, that can be used in routine care to assess the severity of pneumonia and 

mortality (7, 45). Our analysis also found that several background characteristics, 

clinical history, and other comorbid conditions such as severe acute malnutrition are 

associated with hypoxaemia status on admission. This finding is consistent with 

another Gambian study which reported a rapid respiratory rate, grunting, and 
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absence of a history of fever were the best independent predictors of hypoxaemia 

among children aged 2-33 months (46). Further studies are necessary to draw insight 

into the association between hypoxaemia and severe acute malnutrition. However, 

it is challenging to develop a predictive model based on these signs and symptoms, 

which can reliably and accurately identify hypoxaemia. A systematic review reported 

that several clinical signs alone or in combination have high sensitivity but very low 

specificity of predicting hypoxaemia, which substantially minimises its usability in 

clinical settings (47). There are also major issues regarding the validity and reliability 

of clinical assessment by health service providers (48-51). Regarding the recall of 

pneumonia-related clinical symptoms by caregivers, both the sensitivity and 

specificity were poor (52). 

In our study, the case fatality rate of children hospitalised with severe pneumonia 

was around 7.5%. A large retrospective observational study in Malawi estimated the 

case fatality rate of 6.6% based on more than 100,000 hospitalised pneumonia cases 

from 40 hospitals (53). Another study conducted in a multi-speciality referral hospital 

in Chennai also reported a case fatality rate of around 8% among clinical pneumonia 

cases (54). Although the rates reported in these two studies are similar to the rate 

reported in our study, there is a potential difference in the case-mix. The Malawian 

study used the pre-2013 WHO-pneumonia classification, which included both severe 

and non-severe cases, whereas we used the 2013 WHO-pneumonia classification. 

The Malawian study also reported a higher case fatality rate (12%) among children 

with very severe pneumonia than that of our study. This may be because Malawi has 

a high burden of HIV. Moreover, after the successful bubble CPAP trial, icddr,b-Dhaka 
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hospital introduced routine assessment of hypoxaemia on admission and use of 

bubble CPAP for hypoxaemia management as the standard of care (21). The overall 

clinical knowledge and pneumonia management skills of icddr,b-Dhaka hospital staff 

also improved due to the rigorous implementation of the bubble CPAP trial and its 

follow up roll-out in routine practice. The high level of awareness and sensitivity 

regarding pneumonia and hypoxaemia management may have reduced severe 

pneumonia-related deaths in this clinical setting. 

We report that hypoxaemia is a powerful predictor of adverse clinical outcomes 

defined as death during the hospital stay or clinical deterioration requiring referral 

to a higher-level facility independently or in combination. Other studies have also 

mentioned hypoxaemia as a strong predictor of mortality in children with WHO-

defined pneumonia in lower and middle-income countries (55). However, the odds 

of adverse outcomes estimated in our study is relatively higher than the pooled 

estimate reported by a systematic review conducted by Lazzerini et al. in 2015 (56). 

Lazzerini et al. found that, among children with WHO-defined pneumonia, the odds 

of dying are 5-times higher among those who had hypoxaemia, while it was 

approximately eight times higher in our study. Variations in the enrolment criteria 

and severity classifications may explain the difference between these two estimates. 

Our analysis included only those children who were hospitalised with WHO-defined 

severe pneumonia, whereas Lazzerini et al. included all children with WHO-defined 

clinical pneumonia, which may also include non-severe pneumonia who required 

hospitalisation for other complications. Therefore, the hypoxaemia status among the 

more severe cases included in our study is expected to have a greater prognostic 
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value in predicting the adverse outcomes. Moreover, Lazzerini et al. conducted 

sensitivity analysis and reported confidence intervals (95% CI, 2.55 to 8.61) after 

adjusting for potential confounders, which marginally overlaps with the confidence 

interval (95% CI, 5.84 to 9.86) reported in our study after adjusting for potential 

confounders and covariates. 

In addition to pneumonia, hypoxaemia is common among hospitalised children with 

several other complications like bronchiolitis, asthma, sepsis, malaria, meningitis, 

etc. (29, 57). Hence, hypoxaemia can be considered a stand-alone danger sign among 

young children irrespective of clinical classification, especially in low resource 

settings. The gold standard for measuring oxygen saturation in the blood is arterial 

blood gas (ABG) analysis. However, this is invasive, painful, time-consuming and 

resource intensive. Therefore, it is not helpful for point of care diagnostics and not 

feasible to integrate into primary care settings with a high volume of patients and 

limited resources. On the other hand, a pulse oximetry is a non-invasive device used 

as a point of care diagnostics to obtain a reasonably accurate measurement of 

blood’s oxygen saturation. Appropriate use of pulse oximetry and reliable oxygen 

sources in developing countries can substantially reduce pneumonia-related 

mortality (9, 10, 55). Duke et al. reported that the introduction of an effective oxygen 

system could reduce 35% of severe pneumonia deaths, even in resource-poor 

settings. The locally made bubble CPAP reduced severe pneumonia mortality by 75% 

compared to the WHO standard low flow oxygen therapy (21). 
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The Pneumonia Series published by The Lancet in 2013 outlined the introduction of 

pulse oximetry as one of the four opportunities for further accelerating progress 

towards averting the global pneumonia burden in LMICs (58). Although WHO now 

recommends routine assessment of SpO2 for rapid identification of hypoxaemia and 

immediate hospitalisation for oxygen therapy with other supportive care, there are 

significant gaps between policy and actual clinical practice due to insufficient 

provision for SpO2 assessment and inadequate oxygen security in LMIC contexts (17, 

59-62). Therefore, urgent attention should be given to improving access, provision, 

and quality of care regarding overall oxygen security (63, 64). 

In this paper, we report the prevalence of hypoxaemia based on retrospective data 

extracted from individual patient records of routine hospital services. We 

acknowledge that the quality and oversight during routine clinical assessments are 

not comparable with controlled environments of clinical trials. However, the icddr,b-

Dhaka hospital maintains a high clinical standard by adhering to the national and 

global guidelines. After the bubble CPAP trial, icddr,b Dhaka hospital introduced 

routine assessment of hypoxaemia on admission and the use of bubble CPAP for 

hypoxaemia management as the standard of care. The high level of sensitivity 

regarding pneumonia and hypoxaemia management may have contributed to the 

almost universal assessment of hypoxaemia and relevant documentation practices. 

We also acknowledge the limitation in the availability of detailed clinical information 

regarding study subjects since the data were obtained from routine clinical records. 

Therefore, the provision for adjusting for other comorbid conditions such as 

cyanosis, ability to feed, head nodding, respiratory rate >70/min and 
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unresponsiveness/impaired reusability, crepitations in lung auscultation, nasal 

flaring as potential confounders (65) and their interaction effects while exploring the 

effect of hypoxaemia on adverse clinical outcomes was somewhat limited. 

The hypoxaemia prevalence reported in this paper is four years of data, which has 

helped to overcome the potential effect of seasonal variations. Furthermore, the 

analysis included a reasonably large sample size in reporting hypoxaemia prevalence 

with an acceptable error margin. We also adjusted for possible confounders in our 

analysis to give robust estimates of risk factors. 

4.6 CONCLUSION 

Hypoxaemia is common among children hospitalised with WHO-defined severe 

pneumonia in Bangladesh. It is also one of the strongest predictors of adverse clinical 

outcomes, among other background characteristics and history of illnesses. We 

reinforce the need for pulse oximetry availability and recommend ensuring an 

effective oxygen delivery system in low- and middle-income countries to avert these 

preventable deaths.  

  



Chapter 4: page 135 

4.7 SUPPLEMENTARY MATERIALS 

4.7.1 Supplementary tables 

Supplementary table 4.1: Predictors of adverse outcomes as either death during hospital stay or 
referral to higher level facility for clinical deterioration among children admitted in icddr,b hospital 
with WHO-defined pneumonia, presented in odds ratio and adjusted odds ratio with 95% confidence 
interval 

Background 
Characteristics 

N  %  OR P LL UL AOR P LL UL 

Age           

2 - 11 months 308 16.3         

12 months - 59 
months 

102 13.6 0.80 0.08 0.63 1.03 0.83 0.16 0.64 1.08 

Sex           

Male 238 13.9         

Female  172 18.3 1.39 0.00 1.12 1.72 1.23 0.08 0.97 1.55 

H/O Fever           

No fever 155 14.1         

0-1 days 48 20.1 1.55 0.02 1.08 2.22 1.35 0.14 0.91 1.99 

2-6 days 156 15 1.06 0.63 0.83 1.35 1.00 0.99 0.77 1.29 

7 or more days 51 19.2 1.46 0.04 1.03 2.00 1.53 0.03 1.05 2.25 

H/O Cough or 
difficulty breathing 

          

No respiratory 
distress  

283 14.5         

0-48 hours  81 21.1 1.56 0.00 1.18 2.05 1.20 0.23 0.89 1.62 

More than 48 hours  46 14.7 1.00 0.99 0.71 1.41 0.88 0.50 0.61 1.27 

Severe Acute 
Malnutrition 

          

No 205 18.4         

Yes 205 13.4 0.72 0.00 0.58 0.89 1.26 0.06 0.99 1.60 

Hypoxaemia           

No  91 5.7         

Yes 319 30.1 7.30 0.00 5.68 9.37 7.59 0.00 5.84 9.86 

Total 410 15.5         

OR: Odd Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval 
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Supplementary table 4.2: Predictors of death during hospital stay among children admitted in 
icddr,b hospital with WHO-defined pneumonia between 2014-17; presented in odds ratio and 
adjusted odds ratio with 95% confidence interval 

Background 
Characteristics 

N  %  OR P LL UL AOR P LL UL 

Age           

2 - 11 months 128 6.8         

12 months - 59 
months 

41 5.5 0.78 0.18 0.54 1.12 0.84 0.36 0.57 1.23 

Sex           

Male 91 5.3         

Female  78 8.3 1.65 0.00 1.20 2.26 1.45 0.03 1.04 2.02 

H/O Fever           

No fever 70 6.4         

0-1 days 19 7.9 1.36 0.26 0.80 2.31 1.28 0.39 0.73 2.25 

2-6 days 57 5.5 0.86 0.41 0.60 1.23 0.84 0.36 0.57 1.23 

7 or more days 23 8.6 1.46 0.14 0.89 2.40 1.50 0.13 0.89 2.56 

H/O Cough or 
difficulty breathing 

          

No respiratory 
distress  

124 6.4         

0-48 hours  21 5.5 0.92 0.73 0.57 1.49 0.74 0.25 0.45 1.23 

More than 48 hours  24 7.7 1.19 0.45 0.76 1.89 1.05 0.84 0.65 1.71 

Severe Acute 
Malnutrition 

          

No 75 6.7         

Yes 94 6.1 0.90 0.53 0.66 1.24 1.65 0.01 1.17 2.33 

Hypoxaemia           

No  30 1.9         

Yes 
139 13.1 9.64 0.00 6.43 

14.4
6 

11.0
8 

0.00 7.28 
16.8

7 

Total 169 6.4         

OR: Odd Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval 
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Supplementary table 4.3: Predictors of referral to higher level facility for clinical deterioration 
among children admitted in icddr,b hospital with WHO-defined pneumonia between 2014-17, 
presented in odds ratio and adjusted odds ratio with 95% confidence interval 

Background 
Characteristics 

N  %  OR P LL UL AOR P LL UL 

Age           

2 - 11 months 180 9.5         

12 months - 59 
months 

61 8.1 0.82 0.21 0.61 1.12 0.84 0.29 0.61 1.16 

Sex           

Male 147 8.6         

Female  94 10 1.23 0.14 0.93 1.62 1.09 0.54 0.82 1.46 

H/O Fever           

No fever 85 7.7         

0-1 days 29 12.1 1.71 0.02 1.09 2.68 1.36 0.21 0.85 2.19 

2-6 days 99 9.5 1.23 0.19 0.91 1.67 1.13 0.45 0.82 1.56 

7 or more days 28 10.5 1.46 0.10 0.93 2.30 1.56 0.07 0.97 2.52 

H/O Cough or 
difficulty breathing 

          

No respiratory 
distress  

159 8.2         

0-48 hours  60 15.6 2.05 0.00 1.48 2.83 1.54 0.01 1.09 2.18 

More than 48 hours  22 7 0.85 0.51 0.54 1.36 0.75 0.24 0.46 1.21 

Severe Acute 
Malnutrition 

          

No 130 11.6         

Yes 111 7.3 0.62 0.00 0.47 0.80 1.07 0.65 0.80 1.44 

Hypoxaemia           

No  61 3.8         

Yes 180 17 6.14 0.00 4.53 8.33 5.94 0.00 4.31 8.17 

Total 241 9.1         

OR: Odd Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval 
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4.7.2 Supplementary figures 

Supplementary figure  4.1: Hypoxaemia prevalence among children aged 2-59 months admitted to 
icddr,b Dhaka Hospital with WHO-defined pneumonia between 2014-17 by age groups; presented 
in %; N=2646. 
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Supplementary figure  4.2: Distribution of hospital outcomes of children aged 2-59 months admitted 
to icddr,b-Dhaka Hospital with WHO-defined clinical pneumonia between 2014-17; presented in 
percentage by hypoxaemia status on admission.  
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Supplementary figure  4.3: Trend in the case fatality rates of children aged 2-59 months admitted 
to icddr,b-Dhaka Hospital with WHO-defined clinical pneumonia between 2014-17 by hypoxaemia 
status on admission and disaggregated by the year; presented in % 
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Supplementary figure  4.4: Risk of adverse hospital outcomes among children aged 2-59 months 
admitted to icddr,b Dhaka Hospital with WHO-defined pneumonia with hypoxaemia between 2014-
17; presented in adjusted odds ratio with 95% confidence internal; N=2646. 
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Chapter 5: CONTEXT OF CHILDHOOD PNEUMONIA-RELATED 

DEATHS IN BANGLADESH 

One of my general objectives was to understand the context of managing children 

with pneumonia, including hypoxaemia in Bangladesh. The specific research 

question 3 was to assess the context of childhood pneumonia deaths in Bangladesh.    

Table 5.1 General objectives and specific research questions 

Sl # Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1.  What is the burden of hypoxaemia among children with pneumonia LMICs? 

2.  What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including 
hypoxaemia in Bangladesh 

3.  What is the context of childhood pneumonia-related deaths in Bangladesh? 

4.  
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5.  
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6.  
What is the adequacy of the training package developed for introducing pulse oximetry in 
routine IMCI services in Bangladesh?  

7.  
What is the feasibility of implementing the district model for introducing pulse oximetry 
in routine IMCI services in Bangladesh? 

The work presented in the chapter 5 was published in the Journal of Global Health 
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Title: Child mortality in Bangladesh-why, when, where and how? a national survey-
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and Shams El Arifeen (co-supervisor). 
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5.1 ABSTRACT 

5.1.1 Background  

Updated information on the cause of childhood mortality is essential for developing 

policies and designing programmes targeting the major burden of disease. There is 

a paucity of evidence regarding the current estimates of the cause of death in 

Bangladesh, which is essential for reinvigorating the current policies and reshaping 

existing strategies to avert preventable deaths. This paper aims to address this 

critical evidence gap and report the cause, timing and place of death among children 

under-5 years of age using a nationally representative sample. 

5.1.2 Methods  

The present study was undertaken to provide updated estimates of causes of death 

among children under-5 years of age using data from the 2017-18 round of the 

Bangladesh Demographic and Health Survey (BDHS). The verbal autopsy (VA) 

questionnaire of the 2017-18 BDHS was adapted from the standardised WHO 2016 

instruments. Specially trained physicians reviewed the responses of the VA 

questionnaire and assigned the cause of death based on the online-2016-version of 

the International Classification of Diseases (ICD-10). We included 456 deaths among 

children under-5 years of age in our analysis. Descriptive statistics were used to 

present the causes, timing and places of death with confidence interval (CI). 

5.1.3 Results  

Pneumonia is the major killer (19%), accounting for approximately 24,268 (UR, 

21,626 to 26,695) under-5 deaths per-year. It is followed by birth asphyxia (16%), 
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prematurity and low-birth-weight (11%), serious infections including sepsis (8%) 

causing 20,882 (UR, 18,608 to 22,970), 14,956 (UR, 13,327 to 16,452), and 10,723 

(UR, 9,555 to 11,795) deaths per-year, respectively. Drowning (8%) caused 10,441 

(UR, 9,304 to 11,485) deaths and congenital anomaly (7%) resulted in 8,748 (UR, 

7,795 to 9,623) deaths per-year. Around 29% of all deaths occurred on the first day, 

52% within the first week, and 66% within the first month of life. Around 70% of birth 

asphyxia, prematurity, and low birth weight-related deaths happen on the day of 

birth. Approximately 43% of pneumonia-related deaths occur in age 1-11 months, 

and around 51% of drowning related deaths happen in age 12-23 months. 

5.1.4 Conclusion  

Pneumonia with other serious infections, birth asphyxia, prematurity and low-birth-

weight are responsible for more than half of all deaths among children under-5 years 

of age. Strengthening the existing maternal, neonatal and child health programmes 

may be helpful in averting the majority of these preventable deaths. A multisectoral 

approach is required for the prevention of childhood deaths, especially drowning-

related fatalities. Special measures need to be taken to prevent and control 

emerging public health challenges like birth defects and congenital anomalies. 
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5.2 BACKGROUND 

The rapid decline in childhood mortality observed in Bangladesh during the first two 

decades since the 1990s came to an apparent stalling in the 2010s (1, 2). Today, far 

too many of these children die due to preventable causes. According to the 

Bangladesh Demographic and Health Survey, the neonatal mortality rate was 28 per 

1,000 live births in 2014 and 30 per 1,000 live births in 2017 (1, 2). Similarly, the 

under-5 mortality rate was 46 per 1,000 live births in 2014 and 45 per 1,000 live 

births in 2017 (1, 2). The Government of Bangladesh (GoB) needs to critically review 

the existing policies, strategies and programmes to identify possible gaps related to 

newborn and child health and identify strategies to avert preventable deaths. 

Prioritising interventions targeting the major causes of death can provide fresh 

impetus for accelerating the reduction in mortality rates. In high-income settings, 

the civil registration system is the most common and valid source of data as it 

systematically documents vital statistics related to deaths and their causes (3). 

Unfortunately, there are substantial gaps in coverage and quality of birth and death 

reporting in low- and middle-income settings (3). In Bangladesh, the coverage of 

birth registration is around 54%, and death registration is approximately 13% (4) (5). 

Moreover, about 70% of deaths take place outside health facilities with minimum to 

no information regarding the cause of death (6). Out of the facility deaths, very few 

have medical certification of the cause of death, as the programme is in its early roll-

out phase (6). The Bangladesh Bureau of Statistics runs surveillance with a nationally 

representative sample to track key demographic indicators. However, information 

regarding the cause of death is not systematically collected by adopting a globally 
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accepted standard (7). icddr,b, an international health research organisation based 

in Bangladesh, manages several demographic surveillance sites throughout 

Bangladesh and collects information on the cause of death using the WHO 

recommended verbal autopsy tools (8). Although these demographic surveillance 

sites offer a rich source of data on the cause of death patterns and trends over time, 

the estimates are not nationally representative. In this regard, the last national 

estimate was based on the verbal autopsy conducted among under-5 deaths in the 

2011 round of the Bangladesh Demographic and Health Survey (BDHS) (9). Although 

another round of BDHS was conducted in 2014, it did not include the verbal autopsy 

component. Therefore, there is a paucity of evidence regarding the current national 

estimates of the cause of death, which is essential for reinvigorating the current 

policies and reshaping existing strategies to avert child deaths.  

This paper aims to address this critical evidence gap and report the timing, place, 

and cause of death among children under-5 years of age with a nationally 

representative sample. 

5.3 METHODS 

5.3.1 Study design  

We analysed publicly available data from the 2017-18 round of BDHS. BDHS uses a 

nationally representative sample, and the 2017-18 round collected information on 

the cause of death through verbal autopsy. The verbal autopsy tool was adapted 

from the standardised and validated WHO 2016 and 2011 BDHS verbal autopsy 

instruments (2). The tool was adapted to Bangladesh’s context based on expert 
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review and translated to Bangla, the most commonly spoken language in 

Bangladesh. The 2017-18 tool had a separate questionnaire for neonatal deaths (age 

0-28 days) and child deaths (age 29 days to 59 months). The questionnaires included 

both open-ended and close-ended questions and were pretested in two rural 

clusters in Manikgonj district and two urban clusters in Dhaka before finalisation. A 

national advisory committee constituted by verbal autopsy experts supervised the 

country adaptation, translation and pretesting processes for finalisation.  

Mitra and Associate collected the data under the leadership of NIPORT (2). The 

verbal autopsy data collection team had trained interviewers and field editors. The 

data collection team, the supervisors and the quality controllers received one-week 

training from icddr,b on the VA questionnaire before data collection. During the 

survey, four review meetings were organised to discuss the quality of data collection 

and address specific problems faced by interviewers. The VA data collection team 

conducted in-person interviews with the next of kin or the primary caregivers of all 

children under-5 years of age who died within five years of the survey in the surveyed 

areas. All interviews were successfully completed except one where the respondent 

refused to participate. 

icddr,b was responsible for assigning the cause of death through physician review. 

Three physicians, with a degree of Bachelor in Medicine and Surgery (MBBS), were 

recruited by icddr,b and received a training for four consecutive weeks on the verbal 

autopsy instruments and cause of death assignment based on the online-2016-

version of the International Classification of Diseases (ICD-10) (10). The physicians 
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were trained by master trainers who were previously involved with 2011 BDHS, 2013 

Bangladesh Urban Health Survey and 2016 Bangladesh Maternal Mortality Survey. 

Each questionnaire was independently reviewed by two physicians and each 

physician assigned a cause of death (direct, underlying and contributory). When the 

two physicians agreed on the underlying cause, it was considered the final cause of 

death. In case of disagreement, an additional review was conducted by a third 

physician. If the underlying causes were agreed upon by any two of three physicians, 

it was considered the final cause of death. The cause of death was recorded as 

"undetermined" if no agreement was reached after the third physician review. In a 

few cases, where two physicians had assigned identical sets of causes of deaths but 

disagreed on whether these were immediate or underlying causes, a discussion was 

arranged to reconcile the differences in the presence of a trained verbal autopsy 

expert. The review process is summarised in supplementary figure 5.1.  

5.3.2 Analysis plan 

We used Stata version 14 for data analysis (11). We used descriptive statistics to 

report the cause, timing and place of death. We grouped similar ICD-10 codes and 

presented the cause of death in 16 broad categories. Supplementary table 5.1 shows 

the ICD-10 codes that were grouped under each broad category of cause of death. 

We reported the proportional distribution of the cause of death among all under-5 

deaths, neonates (0-28 days) and post-neonatal children (29 days-59 months). We 

used the under-5 mortality rates and the cause-specific mortality fractions to 

estimate the cause-specific mortality rates. The uncertainty range (UR) was 
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calculated using the confidence intervals obtained for the reported mortality rate 

among children under-5 years of age in 2017-18 BDHS. The cause-specific mortality 

rates were also disaggregated by sex, birth order, father and mother’s education, 

residence (rural-urban), and wealth (lowest and highest quintile). The sample size 

was not enough to check for statistically significant difference in the cause specific 

mortality rates by disaggregating variables. Hence, we considered a difference 

‘substantial’ if the difference was ≥25% (relative) by disaggregating variables. We 

also projected the number of deaths for each of the broad categories using the 

adjusted population size in 2015 (12), crude birth rate from the 2015 Sample Vital 

Registration System report (13) and the cause-specific mortality rates reported in 

our paper. The detailed calculations are presented in supplementary table 5.2. 

The overall timing of death was presented by age in months. Also, we showed the 

timing of death in days for neonatal (0-28 days) mortality. Place of death was 

categorised as home, facility (public or private) and during transportation. We also 

presented the timing of death and place of death disaggregated by the cause of 

death. The time variable has been further disaggregated to present the cause of 

death by the following categories: Day 0, Day 1-6, Day 7-28, 1-11 months, 12-23 

months, 24-35 months, 36-47 months and 48-59 months. 

All analysis presented in this paper were weighted for the overall sampling frame of 

2017-18 BDHS. 
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5.3.3 Ethical considerations 

This study used secondary dataset collected by National Institute of Population 

Research and Training (NIPORT), Bangladesh, and Monitoring and Evaluation to 

Assess and Use Results Demographic and Health Surveys (MEASURE DHS). We got 

approval from the DHS program for utilising the applicable datasets for this study. 

5.4 RESULTS 

We included all 456 deaths among children under-5 years of age in our analysis. 

Figure 5.1 presents the percent distribution of the cause of death among all children 

under-5 years of age. Pneumonia is the major killer (9% during the neonatal and 10% 

during the post-neonatal periods), followed by birth asphyxia (16% exclusively during 

the neonatal period), prematurity and low-birth-weight (11% during the neonatal 

and one during the post-neonatal periods), serious infections including sepsis (8% 

during the neonatal period and 1% during the post-neonatal period), drowning (8% 

exclusively during the post-neonatal period), congenital anomaly (4% during the 

neonatal and 3% during the post-neonatal periods) and birth injuries (4% during the 

neonatal period). Although less than 1% of deaths were directly attributable to 

malnutrition, it was associated with 13% of all under-5 deaths (not presented in the 

figure). 
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Figure 5.1: Distribution of cause of death among children under-5 years of age; presented in percent 
distribution; N=456 

 

Figure 5.2 presents the cause-specific mortality rates by background characteristics. 

The cause-specific mortality rate was 8.5 per 1,000 live births for pneumonia (95% 

CI, 7.6 to 9.3), 7.3 per 1,000 live births for birth asphyxia (95% CI, 6.5 to 8.0), 5.5 per 

1,000 live births for prematurity and low-birth-weight (95% CI, 4.7 to 5.8), 3.8 per 

1,000 live births for serious infections (95% CI, 3.3 to 4.1), 3.7 per 1,000 live births 

for drowning (95% CI, 3.3 to 4.0), 3.1 per 1,000 live births for the congenital anomaly 

(95% CI, 2.7 to 3.4), 1.8 per 1,000 live births for birth injuries (95% CI, 1.6 to 2.0) and 

1.4 per 1,000 live births for diarrhoea (95% CI, 1.2 to 1.5). We did not observe any 

substantial difference by gender across the mortality rates for different causes, 

except serious infection, where it was higher among female children. While the 
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cause-specific mortality rates for birth asphyxia, congenital anomaly and birth injury 

were higher among the first-born children, we observed lower rates (in the same 

group) for pneumonia, drowning and diarrhoea. For most of the categories, the 

cause-specific mortality rates were higher among both mothers and fathers who did 

not have any formal education than those with ten or more years of schooling. The 

cause-specific mortality rates for pneumonia, birth asphyxia, prematurity and low 

birth weight, congenital anomaly and birth injury were higher in urban areas. 

However, the cause-specific mortality for serious infection was higher in rural areas. 

We did not observe any notable difference in the cause-specific mortality rates for 

drowning and diarrhoea based on the deceased children’s residence status. The 

cause-specific mortality rates for pneumonia, birth asphyxia, prematurity and low 

birth weight, serious infection, drowning, and diarrhoea were higher among the 

poorest than the richest. On the contrary, the cause-specific mortality rate for the 

congenital anomaly was higher among the richest than the poorest. Supplementary 

table 5.3 presents more disaggregated estimates of cause specific mortality rates. 

Supplementary figure 5.2 compares the major causes of death between 2011 BDHS 

and 2017-18 BDHS by cause-specific mortality rates. 
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Figure 5.2: Cause specific mortality by background characteristics; presented in deaths per 1,000 
live births 

 

Figure 5.3 summarises the estimated number of deaths among children under-5 

years of age in 2015 by causes. Pneumonia caused an estimated 24,268 (UR, 21,626 

to 26,695) deaths, and birth asphyxia caused approximately 20,882 (UR, 18,608 to 

22,970) deaths. Approximately 15,000 (UR, 18,608 to 22,970) children died of 

prematurity and low-birth-weight. Serious infections including sepsis caused 10,723 

deaths (UR, 9,555 to 11,795) and drowning were responsible for about 10,441 (UR, 

9,304 to 11,445) deaths. Birth defects and congenital anomalies were responsible 

for around 8,748 (UR, 7,795 to 9,623) deaths. Around 5,079 (UR, 4,526 to 5,587) 

deaths were attributable to birth injuries and close to 3,951 (UR, 3,520 to 4,436) 

deaths were due to diarrhoea. 
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Figure 5.3: Estimated number of under-5 deaths in 2015 by the causes of deaths; presented in 1,000 
deaths 

 

 

Figure 5.4 shows the timing of death where the primary vertical axis presents the 

number of deaths, and the secondary vertical axis presents the cumulative 

percentage. Around 29% of all deaths occurred on the day of birth, 52% died within 

the first week, 66% in the first month and 85% within the first year.  

  

24.3

20.9

15.0

10.7 10.4
8.7

5.1
4.0

0

5

10

15

20

25

30

Pneumonia Birth
asphyxia

Prematurity
& LBW

Serious
infections

Drowning Congenital
anomalies

Birth injuries Diarrhoea

N
u

m
b

e
r 

o
f 

d
e

at
h

s 
in

 t
h

o
u

sa
n

d



Chapter 5: page 160 

Figure 5.4: Timing of under-5 deaths; presented in numbers and cumulative %; N=456 

 

Figure 5.5 presents the percent distribution of the timing of under-5 deaths by 

causes. Close to half of the pneumonia-related deaths happened in the first month 

of life, and 43% between month 1 and month 11. Less than 10% of the pneumonia-

related deaths occurred after the infancy period (0-11 months). Among those who 

died due to birth asphyxia, approximately 70% died on the day of birth, 26% died 

between day 1 and 6, and the rest died within the first one month. Similarly, 72% of 

all prematurity and low birth weight-related deaths occurred on the day of birth, and 

another 13% died between day 1 and day 6. The risk of serious infection-related 

death was the highest between day 7 and day 28 (39%), followed by day 1 and day 6 

(34%) and the day of birth (18%). On the contrary, all deaths due to drowning 

occurred after the infancy period, particularly between months 12 and 23 (51%). 

Another 24% of drowning-related deaths happened between month 24 and month 

35.  
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Figure 5.5: Timing of under-5 deaths by the causes of deaths; presented in percent distribution 

 

Figure 5.6 presents the percent distribution of place of death by causes. Out of all 

deaths among children under-5 years of age, 53% occurred at home, 39% at hospitals 

or health facilities and 8% during transit. Among the pneumonia deaths, 48% 

happened at home, 44% at hospitals and 8% during transit. 58% of deaths due to 
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birth asphyxia and 72% of the deaths due to birth injuries occurred at hospitals. On 

the contrary, 69% of the deaths due to serious infections and 76% of the deaths due 

to drowning took place at home. Among the deaths attributable to diarrhoea, 36% 

happened during transit.  

Figure 5.6: Place of under-5 deaths by the causes of deaths; presented in percent distribution; N=456 

 

Figure 5.7 summarises the care-seeking practice before death among children under-

5 years of age. Among the pneumonia deaths, 7% did not seek care, and another 

49% died at home after seeking care. Regarding deaths due to prematurity and low 

birth weight, 40% did not seek care, and 17% died at home after seeking care. 

Similarly, 7% of the deaths due to diarrhoea did not seek care at all, and another 79% 

died at home after seeking care from outside the home.  

  

39
44

58

43

26

8

48

 2

14

 

 

 

 

 

  

 

 

  

53
48

3 

4 

69
 6

52

22

50

Total Pneumonia Birth asphy ia Prematurity  

 BW

Serious

infec ons

Drowning Congenital

anomalies

Birth in uries Diarrhoea

P
er
ce
n
ta
ge

Hospital During transit Home



Chapter 5: page 163 

Figure 5.7: Care seeking practice of under-5 deaths by the causes of deaths; presented in percent 
distribution by causes; N=456 

 

Among the deaths due to pneumonia, around 20% of the parents had doubts about 

whether medical care was required, 45% received injectable antibiotics, 11% 

reported problems with hospital admission/medical treatment/getting 

medication/medical tests and 50% reported that the total cost of care prohibited 

other household payments. 

Among the deaths due to birth asphyxia, around half had facility birth, and 70% had 

vaginal births. Similarly, 62% of the birth injury-related deaths had facility births, and 

85% had vaginal births. Regarding deaths attributable to prematurity and low birth 

weight, 77% had facility births, and 81% had vaginal births. 

Among the deaths due to serious infections, 34% were born premature (as reported 

by the parents), 13% of the parents had doubts whether medical care was required, 

21% received injectable antibiotics, 13% reported problems with hospital 
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admission/medical treatment/getting medication/medical tests and 37% reported 

that the total cost of care prohibited other household payments. 

Regarding deaths due to diarrhoea, 43% of the parents had doubts whether medical 

care was required and 14% did not receive any oral rehydration saline. 

5.5 DISCUSSION 

Bangladesh has made remarkable progress in health and development since the 

1990s (14). However, the recent phase of apparent stalling in reducing neonatal and 

child morality essentially exposes the disconnect between the fast-changing 

landscape of child health and the gaps in prioritisation and programme planning (2, 

15). This calls for reshaping the existing policies, redirecting the current strategic 

focus based on updated evidence, and targeting the most pressing health needs. This 

paper addresses a key evidence gap related to the cause and context of child 

mortality in Bangladesh. This can aid in reinvigorating the programmes and make 

course corrective measures to achieving the ambitious Sustainable Development 

Goal (SDG) targets of reducing neonatal mortality rate to ≤12 per 1,000 live births 

and under-5 mortality rate to ≤25 per 1,000 live births and by 2030 (16). 

We found that the cause-specific mortality rate due to pneumonia was 8.5 per 1,000 

live birth in 2017-18, making it the largest killer among children under-5 years of age 

in Bangladesh. The current rate is much higher than the global average of 6.6 per 

1,000 live births in 2015. It is also higher than the average rate of 7.4 per 1,000 live 

births among developing countries and other neighbouring countries like India and 

Nepal (17). Although the cause-specific mortality rate decreased by 27% between 
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2011 and 2017-18 in Bangladesh, pneumonia still causes approximately 24,000 

deaths per year (9). The majority of these deaths can be prevented by adopting the 

WHO recommended prevent, protect and treat strategy and by scaling up low-cost 

interventions (18). However, there are substantial gaps in the coverage and quality 

of priority interventions outlined in WHO’s prevent, protect and treat strategy (19, 

20). In 2020, the median GAPPD pneumonia score was 81 % in Bangladesh against 

the global target of 90% (21). GAPPD scores are calculated as the average of 7 

relevant indicators, which are as follows: pneumonia specific indicators such as 

exclusive breastfeeding, MCV1 coverage, DTP3 coverage, Hib3 coverage, PCV3 

coverage, appropriate care seeking, antibiotic treatment. Although the coverage of 

key vaccines was reasonably high (98% for Hib3 and 97% for PCV), only 65% of 

children received exclusive breastfeeding (2). Among children with a suspected 

episode of pneumonia, only 46% were taken to an appropriate health care provider, 

and 65% received antibiotics (2, 21). Our analysis found that the awareness of 

parents, care-seeking practice, and antibiotic coverage were even lower among the 

deceased children. The WHO recommended IMCI is one of the key strategies 

adopted by the Government of Bangladesh for managing pneumonia (22). The 

success of IMCI services will greatly influence Bangladesh’s progress towards 

achieving the GAPPD target of preventing all avoidable pneumonia-related deaths 

by 2025 (18). Although ensuring the service availability and readiness of health 

facilities is critical to managing pneumonia through IMCI services effectively, there 

are substantial gaps, particularly in rural facilities (23). Unfortunately, two-thirds of 

the designated facilities in Bangladesh do not have an ARI timer or watch with second 
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timing (24). Approximately half of the facilities do not have an appropriate weighing 

scale which is essential for prescribing proper dosages of medicines (including 

antibiotics for pneumonia management) (24, 25). There are substantial gaps 

regarding the availability of antibiotics such as amoxicillin, which is essential for 

managing pneumonia (24, 25). Hypoxaemia is common among children with 

pneumonia and is one of the strongest predictors of mortality due to pneumonia 

(26-28). Less than one-tenth of the facilities in Bangladesh have pulse oximeters (24). 

The availability of pulse oximeters was not optimal even in referral hospitals as less 

than one-third of the district hospitals and one-fifth of the sub-district hospitals have 

readiness in this regard (24). Moreover, one-third of the district hospitals and one-

fourth of the sub-district hospitals do not have a reliable oxygen source which is 

essential for managing severe pneumonia with hypoxaemia (24, 29). Unfortunately, 

these critical gaps in readiness related to pneumonia management did not change 

between 2014 and 2017, as reported by two national surveys (24, 30). This can also 

explain the apparent stalling in the overall child mortality rate, which was observed 

in the corresponding period (1, 2). In addition to ensuring the adequate readiness of 

equipment, drugs, and logistics essential for managing pneumonia, strategic 

investment should be made to ensure universal assessment of hypoxaemia with 

pulse oximetry and supportive care with oxygen therapy (31, 32). 

In our review, the cause-specific mortality rate due to birth asphyxia was 7.3 per 

1,000 live birth, making it the second-largest killer among children under-5 years of 

age and the major contributor among all neonatal deaths. Around three-fourths of 

them died on the day of birth, emphasising the importance of delivering the 
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intervention within a short window of opportunity. Prevention and management of 

birth asphyxia requires specialised skills and services, which are more conducive to 

be arranged and ensured among facility births. A systematic review reported facility 

birth as one of the strongest interventions to avert birth asphyxia related deaths (33). 

Although facility births have been increasing substantially and consistently in 

Bangladesh since 2000, we did not observe any notable difference in the cause-

specific mortality rate due to birth asphyxia since 2010 (9). We found that more than 

half of the deaths due to birth asphyxia had a facility birth. The apparent gaps in 

facility readiness and quality of obstetric care prevailing in public and private health 

facilities in Bangladesh can potentially explain these contradictory trends. The latest 

national survey conducted in 2017 reported that less than 5% of the facilities offering 

normal delivery services in Bangladesh met the WHO recommended minimum 

readiness criteria. The condition remained unchanged from the 2014 estimate (24, 

30). Other studies have reported major gaps in the provision and experience of care 

related to childbirth in both public and private health facilities in Bangladesh (34-36). 

Moreover, around two-thirds of the facilities offering normal delivery services did 

not have a suction apparatus, and approximately half of the facilities did not have a 

bag-mask in the delivery corner, only one-third of providers received in-service 

training on newborn resuscitation which is essential for the management of birth 

asphyxia (24, 37). It is also important to note that around half of the babies who died 

due to birth asphyxia had a home birth. Since more than one-third of the total births 

happen at home, primarily with untrained birth attendants, particular strategies 

should be taken to promote facility birth with optimum quality of care. 
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Complications related to prematurity and low birth weight cause approximately 

15,000 lives per year in Bangladesh, making them the third most significant 

contributor of deaths among children under-5 years of age and the second major 

contributor among all neonatal deaths. Kangaroo Mother Care (KMC) is an evidence-

based, cost-effective and high-impact intervention that can significantly reduce the 

risk of death due to prematurity and low birth weight (38). The Government of 

Bangladesh adopted the WHO-recommended KMC services as the primary approach 

for averting prematurity-related deaths through the Promise Renewed Declaration 

in 2013 (39, 40). However, there are substantial gaps between the policy and 

practice. According to the national guideline, any stable newborn with a birth weight 

of less than 2000g should receive KMC. Each year an estimated 573,000 babies are 

born prematurely, and 192,000 babies have low birth weight (less than 2000 gram) 

in Bangladesh (41). Only 193 facilities offer KMC services in Bangladesh, which 

reveals the prominent gap in care provision. In 2020, approximately 5700 babies 

received KMC services from these facilities, implying that the coverage was 

extremely poor at below 5% (42). This is consistent with our findings, where none of 

the deceased children included in our analysis reported having received KMC. Also, 

the average duration of stay in KMC facilities was around three days, against the 

minimum recommendation of 10-14 days (42, 43). It highlights the substantial gap in 

quality, which deters achieving effective coverage with this life-saving intervention. 

We also found that around three-fourths of the deaths due to prematurity and low 

birth weight occurs on the date of birth. Since the rate of facility birth is increasing 

rapidly in Bangladesh, identifying prematurity and low birth weight at birth and 
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introducing KMC immediately after birth can be a low hanging fruit to increase the 

coverage (2, 44) efficiently. These gaps in provision, coverage and quality of KMC 

services are not unique to Bangladesh, as the majority of the low-and middle-income 

countries practicing KMC face similar barriers and challenges (44). In addition to 

health systems bottlenecks, there are issues related to community awareness, 

acceptability, access and other demand-side barriers. The operational plan for the 

current health sector programme does not have any specific initiatives addressing 

these demand-side barriers (45). It is important to adopt a multipronged approach 

including health systems strengthening, monitoring and mentoring as well as strong 

community engagement and participation to achieve high and effective coverage of 

KMC and avert preventable deaths. 

Antenatal corticosteroids, given to women in preterm labour, is a safe, effective and 

low-cost intervention that can significantly reduce the deaths due to prematurity, 

primarily reducing the risk of respiratory distress syndrome. A Cochrane review and 

meta-analysis found that antenatal corticosteroid can reduce death by 31% and 

incidence of respiratory distress syndrome by 34% (46). Another meta-analysis found 

that antenatal corticosteroids can have a more significant impact in low-resource 

settings without the provision of advanced intensive care (47). The Government of 

Bangladesh decided to incorporate the use of antenatal corticosteroid in the national 

programme in 2013 (39). However, the programme implementation plan did not 

identify specific actions and allocate resources for the capacity development of 

healthcare workers and ensuring the availability of essential logistics (22, 45). Hence, 

this promising intervention could not significantly impact prematurity-related 
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mortality due to the extremely low coverage. Such gaps in the overall policy 

prioritisation, programme planning, implementation can explain the apparent 

increase in prematurity and low birth weight specific mortality rates that was 

observed between 2011 and 2017-18 (2, 9). 

We report that the cause-specific mortality rate due to serious infections (primarily 

sepsis) was 3.8 per 1,000 live births, making it the fourth-largest killer among 

children under-5 years of age. Around 90% of these deaths happened during the 

neonatal period emphasising the importance of focusing on this age group with 

appropriate programme planning and targeted interventions. The cause-specific 

mortality rate reduced by almost two-thirds between 2011 and 2017-18. The 

primary reason for this decline could be the pervasive use of broad-spectrum 

antibiotics, especially by informal care providers in rural settings who are widely 

available, accessible, and affordable (48-53). The national neonatal health 

programme also changed its policy and programme approach to improve 

accessibility and increase treatment coverage. Until 2015, the WHO recommended 

inpatient hospital care for managing possible severe bacterial infections with multi-

drug multi-dose injectable antibiotics for 7-10 days (54). Based on the evidence from 

the SATT and AFRINEST studies, WHO changed its guideline in 2015 and 

recommended treating the clinically less severe possible bacterial severe infections 

through outpatient care with simplified antibiotic regimens where referral is not 

feasible (55) (56-58). The Government of Bangladesh adopted the WHO 

recommendation, changed the existing guidelines and took initiatives to scale up 

sepsis management nationally with the simplified antibiotic regimens (59). This could 
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also explain the decline in serious infection-related mortality in Bangladesh. Besides 

these achievements, there are programme implementation gaps in ensuring the 

availability of essential drugs and logistics, adhering to the clinical management 

guidelines by health care providers, completing the antibiotic course by the 

caregivers and quality of care received at the referral hospitals (59). We also found 

that almost all of those who died due to serious infections received antibiotics and 

around one-third were born prematurely. It indicates that these cases were more 

complicated and required more specialised and advanced care at referral hospitals 

(29). There are substantial gaps in the quality of inpatient care, including diagnostics, 

antibiotics and supportive care, in primary and secondary level referral hospitals in 

Bangladesh (60, 61). Unfortunately, the current national neonatal and child health 

programme does not have any specific activity for strengthening and monitoring the 

provision and quality of inpatient care in referral facilities. Without strategic focus 

and substantial investment in inpatient care, it will be difficult to further reduce the 

serious infections specific mortality in Bangladesh. 

Drowning is among the top five causes of death in Bangladesh. Around half of these 

deaths happen in the third year of life, making it the largest killer among children 

after passing their first year of life. Although the cause-specific mortality has declined 

slightly between 2011 and 2017-18, the national child health programme does not 

have any specific activity for promoting awareness and prevention in this regard (9, 

22). The lack of adequate childcare while parents are working may be among the 

main reasons for these deaths. A large scale intervention trial conducted in seven 

rural sub-districts in Bangladesh found that creches are effective for preventing 
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childhood drowning as the incidence rate declined 87 per 100,000 population per 

year at baseline to 43 per 1,000 population per year in the post-implementation 

period (62). Although the evidence is encouraging, it will require substantial 

investments and a multisectoral approach to adopt, introduce, and scale up this 

intervention, primarily in the districts with high drowning-related mortality burden. 

In addition, other interventions focusing on education and information, blocking 

access to water bodies by employing barriers and regulations, provision of 

supervision, and acquisition of survival skills can be contextualised and tested to add 

impetus to the drowning prevention efforts (63). 

Complications related to birth defects and congenital anomalies are responsible for 

around 6% of all deaths under-5 years of age in Bangladesh, making it an emerging 

public health concern (2). Although several referral hospitals have recently started 

birth defects screening and surveillance, most of these facilities are situated in urban 

areas, mainly clustered in bigger cities. The programme coverage and clinical support 

to managing the complications of birth defects and congenital anomalies are sub-

optimum and require strategic focus with significant investments. Moreover, 

reducing the mortality burden of birth defects and congenital anomalies will 

substantially depend on the prevention strategy and effective delivery of 

interventions adopting a life course approach (64). Bangladesh needs to develop and 

implement an integrated plan for the prevention and control of common birth 

defects involving public health programmes like maternal, newborn and child health, 

nutrition, immunisation, and other stakeholders. 
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Lastly, around 40% of all deaths under-5 years of age in Bangladesh happen in health 

facilities, in contrast to only 15% among adults. This has important implications for 

the public health programmes as it indicates the changing dynamic of care-seeking 

from formal health care providers and health facilities for fatal childhood illnesses. 

Proper investments should be made in improving the provision and quality of 

emergency and inpatient care for averting preventable deaths. Simultaneously, it is 

also important to note that more than half of the deaths still happen at home, and 

some after seeking care from formal health care providers. The context and 

challenges faced by the parents of these children can be very different from those 

who effectively sought care. It is important to understand the context and 

investigate the care-seeking challenges these communities face for developing a 

people-centred, participatory and responsive health system. 

The major causes of death presented in this paper have been analysed using the 

most recently published nationally representative Bangladesh Health and 

demographic Survey 2017-18 (2). This survey includes samples from all 

administrative divisions of Bangladesh and has appropriate representation from 

urban and rural areas and across different population’s socio-demographic 

characteristics. Therefore, our results can be generalised to the overall population of 

Bangladesh. The data were collected using the validated WHO Standard Verbal 

Autopsy Tool, which was adapted to the country context before finalisation. The 

physicians received a month-long training on assigning the causes of death based on 

the ICD codes. The authors of this paper were heavily involved in the training of the 

data collectors and physicians. They were also an integral part of the data quality 
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monitoring team, which adds to the quality and authenticity of the data used in this 

analysis. 

Although the survey used a nationally representative sample, the sample size was 

not enough for providing disaggregated estimates by different background 

characteristics with an acceptable level of precision. We acknowledge the limitation 

of the sample size in reporting the difference in cause-specific mortality rates by 

disaggregating variables with appropriate statistical significance. We also 

acknowledge the issues with recall error and, recall bias as the past information was 

collected from a close family member of the deceased person. Moreover, the tools 

had questions regarding clinical details, which could be intimidating and 

inappropriate for the respondents to recall and report accurately. We also 

acknowledge that the cause of deaths was assigned by physicians, which may have 

issues with misclassification bias due to the variations in subjective interpretations. 

However, the physicians were extensively trained and documented detailed 

justification for assigning the cause of deaths based on a structured checklist. These 

measures have contributed in minimising the misclassification bias. Lastly, we used 

data from the most recent national survey (2017-18), but the anchoring year was 

2015. 

5.6 CONCLUSION 

Accurate and reliable Information on the cause of childhood mortality is essential for 

developing policies and designing programmes targeting the major burden of 

disease. Around half of all deaths among children under-5 years of age happen in the 

neonatal period, emphasising the importance of prioritising neonatal health 



Chapter 5: page 175 

interventions and initiatives. Pneumonia with other serious infections, birth asphyxia 

and prematurity, and low birth weight are responsible for more than half of all 

deaths of children under-5 years of age. Strengthening of existing maternal, neonatal 

and child health programmes may be helpful in averting the majority of these 

preventable deaths. We recommend special measures to prevent and control 

emerging public health challenges like birth defects and congenital anomalies. 
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5.7 SUPPLEMENTARY MATERIALS 

5.7.1 Supplementary tables 

Supplementary table 5.1: Summery matrix of ICD-10 codes used to present the causes of deaths in 
categories  

Broad Category ICD-10 Code 

1. Neonatal tetanus A33 

2. Congenital abnormality Q00.0, Q02, Q03, Q03.9, Q24.9, Q42.3, Q43.9, Q74.9, Q75.9, 
Q76.9, Q79.5, Q89.9 

3. Drowning W70, W73 

4. Birth asphyxia P20.9, P21.9, P22.9, P24.0, P24.3, P24.9 

5. Birth injury P12.9, P13.1, P13.9, P15.9 

6. Measles   

7. Diarrhoea A05.9, A09.0 

8. Pneumonia J17.1, J18.9,  

9. Meningitis   

10. Neonatal jaundice P59.9, R17 

11. Pre-term birth P07.1, P07.3 

12. Possible serious infection A41.9, P36.9, P90 

13. Malnutrition E46,  

14. Other causes C26.0, C95.9, D56.9, D77, F89, G40.9, I51.9, K13.7, K76.9, 
N13.3, N17.9, N20.9, O75.9, P00.9, P01.2, P02.7, P51, P51.9, 
P70.2, P76.9, P91.7, R10.0, R50.9, R56, R56.0, R56.8, T63.0, 
W19, W87, Y09, Y65.2 

15. Unspecified P96.9, R99 

16. Undetermined Undetermined 
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Supplementary table 5.2: Projected number of deaths for each of the broad categories using the 
adjusted population size in 2015. 

Population 2011 from census 2011 144043697 
 

Growth rate from census 2011 1.37% 

CBR 2015 from SVRS 2015 18.8 

Projected population 2015 152100991.6 

Projected live birth in 2015  2859499 

Percent distributions for top eight 
causes  

 

Under-5 mortality  45 

Lower interval: Under-5 mortality  40.1 

Upper interval: Under-5 mortality  49.5 

Number of under-5 death  128677 

Lower limit: Number of under-5 
death  

114666 

Upper limit: Number of under-5 
death  

141545 

Percent distributions for top eight 
causes  

Percent Number of 
deaths 

Lower 
limit 

Upper 
limit 

Pneumonia 18.9 24268 21626 26695 

Birth asphyxia 16.2 20882 18608 22970 

Prematurity & LBW 11.6 14956 13327 16452 

Serious infections 8.4 10723 9555 11795 

Drowning 8.1 10441 9304 11485 

Congenital anomalies 6.8 8748 7795 9623 

Birth injuries 3.9 5079 4526 5587 

Diarrhoea 3.1 3951 3520 4346 
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Supplementary table 5.3: Cause specific mortality rates of the major causes of deaths by 
background characteristics; presented in number of deaths per 1,000 live births 
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Sex  
Female  8.3 7.0 5.2 4.8 3.7 2.2 1.7 1.7 

Male 8.0 7.0 4.8 2.7 3.3 3.5 1.7 1.0 

Birth Order  
1 8.1 9.6 5.6 4.0 2.0 4.5 3.5 0.5 

2 or more  11.1 7.4 6.4 4.5 5.8 2.7 0.8 2.5 

Mother 
Education  

No education  12.4 5.5 9.7 4.1 8.3 0.0 0.0 4.1 

Primary Incomplete  9.9 8.9 6.9 6.9 2.5 2.0 2.5 3.0 

Primary Complete 11.7 4.2 5.0 4.2 2.5 5.0 2.5 1.7 

Secondary Incomplete 7.5 7.8 4.6 2.5 4.1 3.7 0.9 0.7 

Secondary Complete or 
More  

5.0 6.5 3.0 2.5 2.0 2.5 3.0 0.0 

Father 
Education  

No education  8.9 7.7 4.7 7.1 3.5 2.4 1.2 3.5 

Primary Incomplete  10.3 4.0 6.2 4.5 3.6 2.2 1.8 1.3 

Primary Complete 8.1 7.5 3.4 4.7 4.7 3.4 1.4 0.7 

Secondary Incomplete 7.1 7.9 6.6 2.1 3.7 3.3 2.9 1.2 

Secondary Complete or 
More  

6.4 8.6 3.9 1.7 2.1 3.9 1.3 0.4 

Residence  
Urban  9.8 8.6 6.1 2.1 3.1 5.2 3.1 1.2 

Rural 7.6 6.5 4.7 4.4 3.7 2.0 1.1 1.4 

Wealth  

Lowest  10.6 7.2 5.1 4.7 5.1 1.7 1.3 3.4 

Second 6.1 7.1 6.6 4.7 2.8 1.4 0.9 0.9 

Middle  8.1 6.7 3.8 3.8 2.9 4.3 2.9 0.0 

Fourth  8.3 8.8 6.2 2.6 3.1 1.5 2.1 1.5 

Highest  8.1 6.0 3.8 2.2 3.2 6.5 1.6 0.5 

Total   8.5 7.3 5.2 3.8 3.7 3.1 1.8 1.4 
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5.7.2 Supplementary figures 

Supplementary figure 5.1: Physician review process of assigning the causes of deaths 
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Supplementary figure 5.2: Comparison of cause-specific mortality rates of  the major causes of 
deaths between 2011 BDHS and 2017-18 BDHS. 
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Chapter 6: STATUS OF FACILITY READINESS REGARDING THE 

AVAILABILITY OF PULSE OXIMETRY FOR MANAGING CHILDHOOD 

PNEUMONIA IN BANGLADESH 

One of my general objectives was to understand the context of managing children 

with pneumonia, including hypoxaemia in Bangladesh burden of hypoxaemia among 

children with pneumonia. The specific research question 4 was to assess the status 

of facility readiness regarding the availability of pulse oximetry for managing 

childhood pneumonia in Bangladesh. 

Table 6.1 General objectives and specific research questions 

Sl # Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1. What is the burden of hypoxaemia among children with pneumonia LMICs? 

2. What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including 
hypoxaemia in Bangladesh 

3. What is the context of childhood pneumonia-related deaths in Bangladesh? 

4. 
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5. 
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6. Can minimally trained health personnel perform pulse oximetry in hospital settings?  

7. 
Can IMCI service providers perform pulse oximetry in routine outpatient settings in rural 
Bangladesh?   

The work presented in the chapter 6 was published in the Journal of BMC Health 

Service Research in 2021.  

Title: Managing pneumonia through facility-based integrated management of 

childhood management (IMCI) services: an analysis of the service availability and 

readiness among public health facilities in Bangladesh 
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Authors: Ahmed Ehsanur Rahman (myself), Shema Mhajabin, David H Dockrell (co-

supervisor), Harish Nair (co-supervisor), Shams El Arifeen (co-supervisor), and Harry 

Campbell (supervisor) 

URL:https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-

06659-y 

6.1 ABSTRACT 

6.1.1 Background 

With an estimated 24,000 deaths per year, pneumonia is the single largest cause of 

death among young children in Bangladesh, accounting for 19% of all under-5 

deaths. The Government of Bangladesh adopted the WHO recommended Integrated 

Management of Childhood Illness (IMCI) strategy in 1998 for outpatient 

management of pneumonia, which was scaled-up nationally by 2014. This paper 

reports the service availability and readiness related to pneumonia management 

through IMCI services in Bangladesh.  

6.1.2 Methods 

We conducted a secondary analysis of the Bangladesh Health Facility Survey-2017, 

which was conducted with a nationally representative sample including all 

administrative divisions and types of health facilities. We limited our analysis to 

District Hospitals (DHs), Maternal and Child Welfare Centres (MCWCs), Upazila (sub-

district) Health Complexes (UHCs), and Union Health and Family Welfare Centres 

(UH&FWCs), which are mandated to provide IMCI services. Readiness was reported 
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based on 10 items identified by national experts as 'essential' for pneumonia 

management.   

6.1.3 Results 

More than 90% of DHs and UHCs, and three-fourths of UH&FWCs and MCWCs 

provide IMCI-based pneumonia management services. Less than two-third of the 

staff had ever received IMCI-based pneumonia training. Only one-third of the 

facilities had a functional ARI timer or a watch able to record seconds on the day of 

the visit. Pulse oximetry was available in 27% of the district hospitals, 18% of the 

UHCs and none of the UH&FWCs. Although more than 80% of the facilities had 

amoxicillin syrup or dispersible tablets, only 16% had injectable gentamicin. IMCI 

service registers were not available in nearly one-third of the facilities and monthly 

reporting forms were not available in around 10% of the facilities. Only 18% of 

facilities had a high-readiness (score 8-10), whereas 20% had a low-readiness (score 

0-4). The readiness was significantly poorer among rural and lower level facilities 

(p<0.001). Seventy-two percent of the UHCs had availability of one of any of the four 

oxygen sources (oxygen concentrators, filled oxygen cylinder with flowmeter, filled 

oxygen cylinder without flowmeter, and oxygen distribution system) followed by 

DHs (66%) and MCWCs (59%).   

6.1.4 Conclusion 

There are substantial gaps in the readiness related to pneumonia management 

through IMCI services in public health facilities in Bangladesh. Since pneumonia 

remains a major cause of child death nationally, Bangladesh should make a 
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substantial effort in programme planning, implementation and monitoring to 

address these critical gaps to ensure better provision of essential care for children 

suffering from pneumonia.     
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6.2 BACKGROUND 

Bangladesh was one of the few high burden countries with limited resources which 

achieved the ambitious MDG-4 target of reducing the under-5 mortality rate by two-

thirds) ahead of 2015 (1, 2). Despite this commendable accomplishment, Bangladesh 

still suffers one of the highest under-5 mortality rates in the world (3). According to 

the latest Demographic and Health Survey conducted in 2017, the under-5 mortality 

in Bangladesh was 45 per 1,000 live births, indicating an apparent stalling in the rate 

of reduction from the 2014 estimates of 46 per 1,000 live births (2, 3). With an 

estimated 24,000 deaths per year, pneumonia accounted for 19% of all under-5 

deaths, making it the single largest cause of death among young children (4). 

Therefore, achieving the ambitious 2030-SDG target of reducing the under-5 

mortality to 25 per 1,000 live births or below will require strategic focus, substantial 

investments and concerted efforts by all stakeholders by prioritisation of pneumonia 

at every stage (5, 6).  

Cognizant of the high burden of pneumonia morbidity and mortality in the majority 

of Low- and Middle-Income Countries (LMICs), the World Health Organization (WHO) 

and the United Nations International Children's Emergency Fund (UNICEF) set forth 

an ambitious goal to end all preventable deaths due to pneumonia by 2025 (5). 

Bangladesh declared its commitment to reduce the pneumonia specific mortality 

rate among children less than 5 years of age from eight deaths per 1,000 live births 

to three deaths per 1,000 live birth by 2025  by implementing WHO and UNICEF’s 

Global Action Plan for Pneumonia and Diarrhoea (GAPPD) (5).  
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Ensuring timely and appropriate management of pneumonia through outpatient and 

inpatient care is one of the key components of GAPPD’s ‘prevent-protect-treat’ 

strategy (5). For outpatient management of common childhood illnesses, including 

pneumonia, the global recommendation is to adopt the Integrated Management of 

Childhood Illness (IMCI) strategy in high-burden and low-resource settings (7, 8). 

IMCI has demonstrated a positive impact in improving health worker’s performance 

and quality of care as well as reducing childhood mortality, including pneumonia in 

settings with limited resources (9-16). However, success depends on the effective 

implementation of the three basic pillars outlined in the IMCI strategy, which include 

improving health worker’s skills, improving the health system to ensure supplies of 

essential items to provide quality services, and improving family and community 

practices (17-20). Ensuring the service availability and readiness of health facilities 

are among the first steps towards strengthening the health systems (17, 18). They 

are also fundamental to ensuring the provision of care, which is one of the core 

components of WHO’s Quality of Care Framework (21, 22). 

The Government of Bangladesh (GoB) adopted the IMCI strategy in 1998, and 

facility-based IMCI was scaled up in all districts (64) and more than 90% of all sub-

districts (420) by 2014 (16, 23). According to the current programme implementation 

model, IMCI services are provided through a dedicated corner (i.e. IMCI corner) at 

the outpatient departments in all district and sub-district level hospitals (24, 25). At 

the sub-district level, IMCI services are provided through union-level health centres. 

Doctors, nurses or paramedics (locally known as SACMOs) with special in-service 

training are responsible for providing IMCI services (24, 25). Unfortunately, there is 
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little evidence regarding the current status of service availability, readiness and 

quality of care rendered through IMCI services in Bangladesh. Such information, 

particularly those that are related to pneumonia management, is critical for 

understanding the health systems bottlenecks and taking course corrective 

measures to achieve the ambitious 2025-GAPPD and 2030-SDG targets.   

This paper attempts to address this critical evidence gap by presenting the status of 

IMCI services, explicitly focusing on the service availability and readiness related to 

IMCI-based pneumonia management in Bangladesh, stratified by rural-urban, 

administrative division and type of health facilities.  

6.3 METHODS 

6.3.1 Study design 

We conducted a secondary analysis of the Bangladesh Health Facility Survey (BHFS), 

which was conducted in 2017 with a nationally representative sample of health 

facilities (26). The survey included all types of public hospitals and health centres as 

well as some private and NGO hospitals with at least 20 inpatient beds. The survey 

was carried out by the National Institute of Population Research and Training 

(NIPORT) with technical assistance from ICF International (USA) and the International 

Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b). Data were collected 

by Associates for Community and Population Research (ACPR), Dhaka, a private 

research agency appointed by NIPORT for this survey.    

Bangladesh is divided into eight administrative divisions (Barisal, Chittagong, Dhaka, 

Khulna, Rajshahi, Rangpur, Sylhet, and Mymensingh), which are subdivided into 64 



 

Chapter 6: page 193 

districts (zilas), and further divided into 485 sub-districts (upazilas). The public health 

systems in Bangladesh has three tiers of referral hospitals and two types of health 

centres. At the district level, there are Medical College Hospitals as tertiary level 

referral hospitals, District Hospitals (DHs) as secondary level referral hospitals with 

250-500 beds. At the sub-district level, there are Upazila Health Complexes (UHCs) 

as primary level referral hospitals with 50 beds. Below the sub-district level, there 

are Union Health and Family Welfare Centres (UH&FWCs) and Community clinics 

(CCs) and) as health centres. In addition, there are Maternal and Child Welfare 

Centres (MCWCs) in all districts and few sub-districts with 10 beds. DHs have a 

catchment population of around 2-3 million, while it is 250,000-300,000 for UHCs, 

25,000-30,000 for UH&FWCs and 6,000-10,000 for CCs.  

The survey adopted a stratified random sampling procedure where the health 

facilities were stratified according to their administrative units and type of facilities. 

All divisions and the following types of health facilities were included in the survey: 

DHs, MCWCs, UHCs, UH&FWCs, CCs, and private hospitals and NGO clinics with at 

least 20 beds. In BHFS-2017, data were successfully collected from 1,524 health 

facilities (95% response rate). From each facility, an average of eight health care 

providers, who provided the range of services being assessed, were selected for 

interviews. In facilities with less than eight health care providers, all providers 

present on the day of the visit were interviewed. A total of 5,400 providers were 

interviewed (26).  
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BHFS 2017 used two types of questionnaires for data collection: a facility inventory 

questionnaire and a health care provider interview questionnaire. The facility 

inventory questionnaire was used to collect data related to the service availability 

and readiness of each priority services. The health care provider interview 

questionnaire was used to collect information related to the level of education, 

training, clinical experience, and supervision received by a sample of health care 

providers from each facility.  

The data collection team consisted of 40 medical doctors and 40 paramedics who 

received three weeks of training from 09 July to 27 July 2017 in Dhaka. Data were 

collected between 30 July and 19 October 2017. Additional details are available in 

the BHFS-2017 report (26). 

6.3.2 Analysis plan 

Data were analysed using Stata version 14 (StataCorp, College Station, TX).  

According to the national IMCI programme, all DHs, MCWCs, UHCs and UH&FWCs 

are mandated to provide facility-based IMCI services through outpatient 

departments (24, 25). Therefore, in this paper, we limited our analysis to DHs (n=62), 

UHCs (n=141), UH&FWCs (n=677), and MCWCs (n=90), which were consistently used 

as denominators throughout the analysis 

The National Newborn Health Programme and IMCI (NNHP&IMCI) of Directorate 

General of Health Services (DGHS), Ministry of Health and Family Welfare 

(MoH&FW), Bangladesh has an approved list of essential equipment, drugs and 

logistics for IMCI services in Bangladesh. A consultative workshop was organised with 
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the national experts under the leadership of IMCI Programme to review the IMCI-list 

and identify items ‘required’ for pneumonia management based on the facility-

based I CI guidelines. The national e perts identified 1  items as ‘required’, which 

was categorised into four domains: A. staff, B. equipment, C. medicines and D. 

logistics & job aids. Out of these 17 items, 14 were available, and three were absent 

in the BHFS-2017 tool. However, we identified proxy items (disposable syringe 

instead of Insulin syringe or 5cc syringe; monthly reporting form instead of IMCI 

reporting form) in the tool for two of the absent items. The national experts also 

identified 10 items from the list of 17 required items as essential for managing 

pneumonia based on facility-based IMCI guidelines. Supplementary table 6.1 

presents the list of essential items. A ten-point scoring system was developed to 

measure the minimum pneumonia management readiness of designated health 

facilities. The availability of each of the essential item was given an equal score of 

one. Then, the facilities were categorised as 'poor readiness: score 0-4, 'moderate 

readiness: score 5-7 and 'high readiness: score 8-10. The scoring system was 

developed in consultation with national experts and IMCI programme management 

team. Figure 6.1 summarises the items identified by the Technical Committee and 

their availability in BHFS 2017 tool.  
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Figure 6.1: Items required for managing pneumonia based on facility-based IMCI guidelines 

 

Service availability was defined as facilities offering curative childcare and reporting 

to provide the service based on facility-based IMCI guidelines. Readiness was defined 

as the presence of required items listed in Figure 6.1 on the day of the visit. 

Supplementary table 6.2 present the operational definition of readiness for each of 

the required items. Descriptive statistics (proportions) were used to report 

availability and readiness for each item. The estimates were stratified by facility type 

(DHs, UHCs, UH&FWCs, MCWCs), location (rural and urban) and administrative 

division.  

In addition to the required and essential items, we present the readiness of IMCI 

facilities regarding the oxygen system. In addition to pulse oximetry (which was 

already included as a required item), the following items were included for 

presenting oxygen system readiness: availability of oxygen concentrator, availability 

of oxygen cylinder with flow meter, availability of oxygen cylinder without flow 

meter, and availability of oxygen distribution system.  
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4.1.1 Ethical considerations 

This study used secondary dataset of Bangladesh Health Facility Survey (BHFS) 

collected by National Institute of Population Research and Training (NIPORT), 

Bangladesh. We got approval from the NIPORT for utilising the applicable datasets 

for this study. 

6.4 RESULTS 

Table 6.2 describes the background characteristics of the public health facilities, 

which are mandated to provide facility-based IMCI services in Bangladesh and 

included in this analysis. All of the DHs and the majority (79%) of the MCWCs were 

situated in urban areas. Regarding UHCs, around half were located in urban areas. In 

contrasts, almost all the UH&FWCs were located in rural areas. Among all the 

facilities, around one-fifth were in Barisal and Chittagong divisions each while rest of 

the divisions, contributed around 10% each.  
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Table 6.2: Background characteristics of the facilities mandated to provide facility-based IMCI 
services in Bangladesh, presented in frequency and column percentage 

 DH UHC UH&FWC MCWC Total 

 n % n % n % n % n % 

Location                     

Urban 62 100% 77 55% 6 1% 71 79% 216 22% 

Rural 0 0% 64 45% 671 99% 19 21% 754 78% 

Division                      

Barisal 6 10% 26 18% 141 21% 10 11% 183 19% 

Chittagong 11 18% 25 18% 151 22% 18 20% 205 21% 

Dhaka 14 23% 15 11% 67 10% 14 16% 110 11% 

Khulna 10 16% 14 10% 57 8% 13 14% 94 10% 

Rajshahi 7 11% 17 12% 61 9% 13 14% 98 10% 

Rangpur 7 11% 14 10% 58 9% 12 13% 91 9% 

Sylhet 4 6% 18 13% 90 13% 6 7% 118 12% 

Mymensingh 3 5% 12 9% 52 8% 4 4% 71 7% 

Total  62 100% 141 100% 677 100% 90 100% 970 100% 

DH: District Hospital 
UHC: Upazila Health Complex 
UHFWC: Union Health and Family Welfare Centres 
MCWC: Mother & Child Welfare Centre  

 

Figure 6.2 summarises the service availability related to pneumonia management in 

public health facilities mandated to provide facility-based IMCI services in 

Bangladesh. Curative child care is almost universally available across all types of 

facilities. More than 90% of DHs and UHCs reported providing IMCI services 

(including pneumonia management), whereas such services were available in three-

fourths of UH&FWCs and MCWCs. Around 90% of DHs and UHCs had IMCI corners. 

However, the availability was extremely low (9%) in MCWCs. UH&FWCs were not 

mandated to establish specific corners for providing IMCI services; therefore, the 

findings for this facility have been presented as ‘not applicable’.  
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Figure 6.2: Service availability of IMCI services (including pneumonia management) in different 
types of public health facilities mandated to provide facility-based IMCI services in Bangladesh; 
presented in % 

 
DH: District Hospital 
UHC: Upazila Health Complex 
UHFWC: Union Health and Family Welfare Centres 
MCWC: Mother & Child Welfare Centre  

 

Figure 6.3 illustrates the readiness related to the management of pneumonia in 

different types of public health facilities mandated to provide facility-based IMCI 

services in Bangladesh. The availability (on the day of the visit) is presented for each 

of the items (presented in Figure 6.3) required for managing pneumonia according 

to facility-based IMCI guidelines. Around 57% of the facilities had a staff ever trained 

in facility-based IMCI guidelines, and 44% had a copy of the IMCI chart booklet on 

the day of the visit. Regarding equipment, the thermometer was available in 82% of 

facilities. Weighing scales (child or infant) were available in half of the facilities. Only 

one-third of the facilities had an ARI timer or a watch that can record time in seconds 

on the day of the visit. Pulse oximetry was available in only 6% of facilities. More 

than 80% of the facilities had amoxicillin syrup or dispersible tablets on the day of 
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the visit. However, the availability of injection gentamicin was only 16%. An Insulin 

syringe or disposable 5 cc syringe was available in 77% of facilities. Although monthly 

reporting forms were available in 88% of facilities, around one-third of the facilities 

did not have an IMCI service register to document their care practices.  

Figure 6.3: Availability of the items required for managing pneumonia in public health facilities 
mandated to provide facility-based IMCI services in Bangladesh; presented in %; N=970 

 

Table 6.3 presents the readiness (availability of required items on the day of the visit) 

related to the management of pneumonia in public health facilities mandated for 

providing facility-based IMCI services in Bangladesh, disaggregated by facility type, 

location and division for each of the readiness items. DHs and UHCs demonstrated 

higher levels of readiness than UH&FWCs for the majority of the items. The readiness 

of UH&FWCs was particularly low (less than half of DHs) for IMCI chart booklet, 

weighing scale, ARI timer, pulse oximeter, injection gentamicin, injection diazepam 

and IMCI register. Similarly, the readiness was higher among urban-facilities than 

that of rural-facilities across all items. Pulse oximetry was available in only 27% of 

the district hospitals and 18% of the UHCs. None of the UH&FWCs had a pulse 
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oximeter on the day of the visit. No obvious pattern was observed regarding the 

readiness across different divisions. More than two-thirds of UHCs had both IMCI 

trained staff and guideline, but around a quarter of MCWCs and union facilities had 

both. Similar gaps were identified of all other domains.  

Table 6.3: Availability of the items required for managing pneumonia in public health facilities 
mandated to provide facility-based IMCI services in Bangladesh by facility type, location and 
division; presented in %  
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DH 79 69 53 71 69 45 87 27 11 94 44 61 31 92 11 73 23 94 97 16 

UHC 85 72 63 73 69 46 92 18 5 89 41 31 17 92 4 75 17 89 97 14 

Union 
level 
public 
facilities 

57 37 24 45 48 29 79 0 0 87 8 1 2 81 0 77 1 61 87 0 

MCWC 59 37 23 57 61 47 86 17 3 93 10 23 1 81 0 83 7 59 79 2 

Location 

Urban 78 61 49 69 66 49 90 22 7 92 34 40 17 89 5 76 15 80 90 11 

Rural 58 40 27 47 50 30 80 1 0 87 10 3 3 81 0 77 2 63 87 1 

Division 

Barisal 72 51 37 50 59 36 89 6 2 85 19 8 4 79 1 81 4 70 91 3 

Chittago
ng 

56 41 29 49 54 39 84 4 2 89 23 8 3 91 2 78 5 58 89 2 

Dhaka 68 48 35 43 30 29 71 6 0 82 10 16 15 71 2 75 6 69 91 5 

Khulna 64 40 31 59 60 31 78 11 3 92 16 16 7 81 0 76 5 70 87 4 

Rajshahi 58 35 25 40 57 37 87 7 1 89 11 14 7 83 2 79 6 75 91 6 

Rangpur 62 44 34 62 62 30 82 7 1 93 8 17 4 87 3 67 6 69 82 4 

Sylhet 61 42 27 63 55 38 86 5 3 89 14 8 5 85 2 88 5 63 80 2 

Mymens
ingh 

59 54 37 58 48 21 68 3 0 90 10 7 4 85 0 61 1 70 90 1 

1.IMCI TS: IMCI trained staff 9. Inj. G: Injection Gentamicin 

2. IMCI CB: IMCI chart booklet 10. Inj. D: Injection Diazepam 

3. CWS: Child weighing scale  11. SI: Salbutamol inhaler  

4. IWS: Infant weighing scale  12. SS/ST: Salbutamol syrup/tablet 

5. ARI TW: ARI Timer or watch able to record seconds hand 13. IS: Insulin syringe or disposable 5 cc syringe  

6. TH: Thermometer 14. S: Spacers  

7. PO: Pulse oximeter 15. IMCI R: IMCI registers  

8. Amox: Amoxicillin Dispersible Tablets or syrup 16. IMCI RF: IMCI reporting form 
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Figure 6.4 presents the readiness based on ten essential items for managing 

pneumonia in public health facilities mandated to provide facility-based IMCI 

services in Bangladesh. The score denotes the number of items available on the day 

of the visit. Out of the facilities surveyed, only 18% had a high level of readiness with 

an overall readiness score of 8-10, whereas 20% had a low level of readiness with an 

overall score of 0-4. When stratified by facility type, DH and UHC showed a higher 

level of readiness than that of UH&FWCs (60% for DHs, 46% for UHCs and 8% for 

UH&FWCs, p<0.001). Facilities located in urban areas had a much higher level of high 

readiness (46%) than facilities located in rural areas (10%) (p<0.001). The readiness 

patterns were similar across all administrative divisions. Supplementary figure 6.1 

illustrates that none of the facilities had all of the ten essential items available on the 

day of the visit. Around 5 percent of the DHs and UHCs had all essential items, 

whereas only 1 percent of MCWCs and no union facilities had all essential items.  

Figure 6.4: Availability of items essential for managing pneumonia in public health facilities 
mandated to provide facility-based IMCI services in Bangladesh by facility type, location and 
administrative division; presented in % based on a ten-point readiness score  

 
DH: District Hospital; UHC: Upazila Health Complex;  UHFWC: Union Health and Family Welfare Centres;  
MCWC: Mother & Child Welfare Centre  
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Figure 6.5 illustrates the readiness related to oxygen sources in public health facilities 

in Bangladesh. Around 40% of the DHs and one-thirds of the UHCs and MCWCs had 

a functioning oxygen concentrator on the day of the visit. More than half (52%-65%) 

of the DHs, UHCs and MCWCs had oxygen cylinders with flow meters. Besides, 

around half of the DHs and UHCs, and one-third of the MCWCs had oxygen cylinders 

without flowmeters on the day of the visit. Around 18% of the district hospitals had 

an oxygen distribution system, but none of UHCs, UH&FWC and MCWCs had this. 

The availability of any of the four oxygen sources was the highest in UHCs (72%) 

followed by DHs (66%) and MCWCs (59%). Oxygen availability was particularly low 

(5%) in UH&FWCs.   

Figure 6.5: Availability of oxygen sources in different types of public facilities in Bangladesh; 
presented in % 

 
DH: District Hospital 
UHC: Upazila Health Complex 
MCWC: Mother & Child Welfare Centre  
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6.5 DISCUSSION 

Pneumonia is the largest killer of children under-5 years of age in Bangladesh, and 

IMCI is one of the key strategies adopted by the Government of Bangladesh for 

managing pneumonia (3, 24, 25). The success of IMCI services will greatly influence 

Bangladesh’s progress towards achieving the GAPPD target of preventing all 

avoidable pneumonia-related deaths by 2025 (5). Ensuring the service availability 

and readiness of health facilities are the stepping stones for health systems 

strengthening and critical to promoting the quality of care rendered through IMCI 

services (27). This is the first study to report the service availability and readiness 

related to IMCI-based pneumonia services in Bangladesh through a nationally 

representative sample. This study identified that there were substantial gaps in staff 

trained in IMCI services, availability of essential items like functional ARI timer or 

watch that can record time in seconds, pulse oximeter, registers and reporting forms 

for documentation, and necessary medicines for providing IMCI-based pneumonia 

management. Moreover, there were critical gaps in the availability of oxygen sources 

in the surveyed facilities.  

WHO developed the IMCI strategy in the mid-1990s, which incorporated key lessons 

from WHO’s Global Acute Respiratory Infection Control Programme launched in 

1980s (27). The Government of Bangladesh adopted the IMCI strategy immediately 

after that, and the process of health systems integration and national scale-up were 

completed through its inclusion in the National Health Sector Programme 2011-16 

and Essential Service Package (28, 29). According to the current National Health 

Sector Programme 2017-22, all types of public facilities (DH, UHCs, UH&FWCs and 
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MCWCs) are mandated to provide curative child care through IMCI services (24, 25). 

Our analysis reveals that almost all facilities offer child curative services, but there 

are substantial gaps regarding the availability of IMCI services in UH&FWCs and 

MCWCs. The divide between the two directorates of the Ministry of Health and the 

differences in their strategic focus can potentially explain such contrasting pictures. 

All DHs and UHCs are under the DGHS, however, the majority of the UH&FWCs and 

all MCWCs are under the Directorate General of Family Planning (DGFP) (24, 25). 

Historically, DGHS was involved in the introduction and scale-up of IMCI services in 

Bangladesh, and they have a specific programme named after IMCI (NNHP&IMCI). 

On the other hand, the prime mandate of DGFP is to promote and provide family 

planning services. Child curative care was incorporated into DGFP’s mandate as an 

expansion of the existing family planning services. Also, there are gaps in 

coordination between the IMCI programme of DGHS and the child health 

programme of DGHS.  

According to the current health sector programme, all DHs, UHCs and MCWCs are 

supposed to prioritise IMCI services by maintaining a dedicated corner in the 

outpatient department (24, 25). IMCI corners require dedicated staff (IMCI trained), 

equipment and logistics, which helps operationalising outpatient services and 

retaining the skills of the service providers. The IMCI corners also help in managing 

the high-volume patient flow in DHs, UHCs and MCWCs, and act as a referral link for 

children who are referred from UH&FWCs. Contrary to the policy outlined in the 

health sector programme, 6% of DHs, 13% of UHCs, and more than 90% of MCWCs 

do not have dedicated IMCI corners. The lack of a strategic focus and programmatic 
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investments by DGFP regarding IMCI services can potentially explain the low 

availability of IMCI corners in MCWCs. In addition to the IMCI corners, different 

programmes have recommended maintaining various other corners like ANC corner, 

PNC corner, KMC corner, SCANU corner, NCD Corner, Breast Feeding corner, VIA 

corner etc. in DHs and UHCs (24, 25, 29). The competing interests of various corners 

can, which were established as a horizontal integration of various services, be 

another explanation for the gaps in the availability of IMCI corners in facilities with 

limited resources.  

IMCI adopts a syndromic management approach, where the service provider has to 

follow various clinical algorithms to classify and treat childhood illnesses (30). It 

requires continuous in-service training and supportive supervision to retain the 

knowledge and skills of the service provider and ensure the quality of IMCI services 

(20). Unfortunately, almost half of the surveyed facilities do not have an IMCI trained 

staff and a copy of the chart booklet. The situation is particularly worse in UH&FWCs 

and MCWCs. Although DHs and UHCs demonstrate a comparatively higher level of 

readiness regarding the availability of a service provider ever trained in IMCI only 

around 31% of the DHs and approximately one-third of the UHCs have a service 

provider who received IMCI training within the past 24 months (26). It raises a critical 

concern regarding the quality of IMCI services, including management of pneumonia 

rendered through the service provider without appropriate training and supervision. 

It reveals the apparent gaps in national programme planning and implementation. 
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The survey (BHFS) was conducted in 2017, which is just after the completion of the 

previous National Health Sector Programme 2011-16 (26, 28). IMCI training 

organised by the IMCI programme in the last sector programme implementation 

period was not adequate to the needs of the country. Since 2017, the Ministry of 

Health is implementing the current National Health Sector Programme 2011-16 (31). 

The provision and resource allocation for IMCI training in the operation plan of the 

current health sectors programme is also inadequate and insufficient (24, 25). 

Moreover, in the first two years of the current sector programme implementation 

period (2017-19), the IMCI programme did not organise any IMCI training for the old 

and newly recruited service providers. One of the core components of IMCI strategy 

is to improve the case-management skills of service providers through the provision 

of locally adapted IMCI-guidelines and through activities to promote their use. 

Unfortunately, more than half of the surveyed facilities do not have a copy of the 

chart booklet. Moreover, the latest version of Bangladesh adapted version of the 

IMCI chart booklet is based on WHO’s 2008-edition (32, 33). In 2014, WHO released 

another version of IMCI chart booklet with major updates regarding pneumonia 

classification, treatment recommendations and referral criteria (30, 34). During the 

implementation periods of the previous health sector programme (2011-16) and the 

first two years of the current health sector programme (2017-22), the IMCI 

programme could not take proper initiatives to update the IMCI chart booklet based 

on WHO’s recent recommendations as well as print and distribute them to the IMCI 

service delivery points in DHs, UHCs, UH&FWCs and MCWCs. This could substantially 
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affect the safety of treatment and quality of care, particularly for pneumonia and 

sepsis management.              

IMCI is designed for settings with minimum diagnostic capacity. Therefore, the 

availability of some basic equipment and medicine must be ensured for proper 

clinical assessment and treatment according to the guidelines (30). Assessment of 

respiratory rate is one of the most important steps in IMCI-based pneumonia 

classification, which eventually determines the management plan, referral decision 

and treatment outcomes (34-36). Unfortunately, two-thirds of the designated 

facilities in Bangladesh do not have a functional ARI timer or watch that is able to 

record time in seconds. Moreover, around half of the facilities do not have an 

appropriate weighing scale which is important for prescribing medicines (including 

antibiotics of pneumonia management) with appropriate dosages (30).  The majority 

of these essential equipment are not costly and are readily available in the local 

market. Therefore, the observed gaps in their availability reflect the apparent lack of 

effective programme planning, coordination and monitoring.   

The IMCI-based pneumonia management requires the availability of oral amoxicillin 

and injectable gentamicin as the first-line treatment for severe pneumonia and 

possible serious bacterial infection of young infants  (37, 38). For more severe cases, 

the availability of both amoxicillin and gentamicin together is essential for 

prereferral treatment and outpatient-based management (when applicable) (39). 

Although the availability of oral amoxicillin was reasonably high among all types of 

facilities, there are substantial gaps regarding the availability of injectable 
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gentamicin. Such critical gaps in readiness regarding the first-line antibiotics 

essentially reduce the level of effective coverage, may compromise the level of 

adherence to guidelines and potentially result in avertable pneumonia-related 

deaths (40). Besides the availability of the IMCI medicines, the choice of antibiotics 

recommendations by IMCI services providers may be influenced by external factors. 

Several studies conducted in Bangladesh reported that there are substantial gaps 

regarding health care provider’s adherence to guidelines since many of them prefer 

higher general antibiotics over the first-line recommended antibiotics (41-44).  

Documentation is one of the most important parts of IMCI services. The IMCI service 

register is designed to capture essential details on clinical assessments, disease 

classifications, treatments, and referral decisions. It acts as a job aid to assist the 

provider in adhering to the guideline and prepare monthly reports efficiently (45). 

Registers are also linked to the overall monitoring and supervision framework laid 

out for IMCI services, as well as the overall accountability structure (20, 45). Although 

registers are almost universally available in DHs and UHCs, one-third of UH&FWCs 

and MCWCs do not have them, according to our analysis. The lack of availability of 

IMCI registers also raises questions regarding the validity of data in monthly reports, 

which is the basis of effective programme planning and monitoring for health 

managers.  

Based on the multi-country evaluation of IMCI, which ran from 1999 to 2007, WHO 

released a position paper with a strong recommendation for health systems 

strengthening by ensuring the availability of skilled health workers, essential 
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medicines, and supplies as a comprehensive package in all IMCI service delivery 

points (46). The lack of comprehensive readiness, including essential equipment, 

drugs and logistics adversely affect the performance of the IMCI service provider and 

result in the poor quality of care (47, 48). A global survey conducted by WHO found 

that the countries with a comprehensive implementation status of IMCI were 3.6  

times were more likely to achieve MDG-4 target than other countries who could not 

adopt a comprehensive approach (27). It is imperative to ensure comprehensive 

readiness of facilities for providing IMCI services, including pneumonia management, 

by learning lessons from this global evidence. We report substantial gaps regarding 

the overall readiness of public facilities in Bangladesh pertaining to pneumonia 

management. The readiness of private facilities regarding IMCI services is equally 

poor in Bangladesh (26). Less than 1% of the private facilities were identified to be 

ready for providing child curative services. Only 20% of private facilities had an IMCI 

trained staffs. Without addressing these gaps, it will not be possible to adhere to the 

WHO quality of care standards related to the provision of care and experience of 

care (22). The lack of comprehensive readiness, including essential equipment, drugs 

and logistics adversely affect the performance of the IMCI service provider and result 

in the poor quality of care (47, 48). The readiness is much worse in lower-level 

facilities and facilities located in rural areas. The lower level facilities (UH&FWCs) are 

mostly located in rural areas and serve as the first point of contacts for the poorer 

and more disadvantaged sections of the population. Thus, the lower level of overall 

readiness in these facilities further contributes to the existing inequity in access to 

and utilisation of appropriate health services in Bangladesh and other low- and 
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middle-income countries (2, 49-51). According to Bangladesh Demographic Health 

Survey 2017-18, only 20% of the under-5 children with symptoms of acute 

respiratory infections sought care from public health facilities (52). The poor level of 

readiness of public facilities may explain the low care-seeking practice from public 

health facilities. 

Hypoxaemia is common among children with pneumonia and is one of the strongest 

predictors of mortality due to acute lower respiratory infections (53-55). Integration 

of SpO2 assessment in existing IMCI services can significantly improve the accuracy 

of hypoxaemia assessment and increase the validity (accuracy) of pneumonia 

classification (89, 96). In response to the need and global evidence, WHO 

recommended measuring SpO2 in routine IMCI services (23, 81). In addition, oxygen 

security is a vital concern in the context of the COVID-19 pandemic. The Government 

of Bangladesh adopted the WHO recommendation and decided to introduce pulse 

oximetry in IMCI services for SpO2 assessment (38). Although the survey predates 

the Government of Bangladesh’s policy adoption regarding SpO2 assessment in IMCI 

services, it is helpful to understand the baseline situation of the country in this 

regard. Less than one-tenth of the facilities have pulse oximetry. The availability of 

pulse oximetry was not optimal even in referral hospitals as less than one-third of 

the DHs and one-fifth of the UHCs have readiness in this regard. This is similar to the 

status of many other low- and middle countries with limited resources (56). To 

achieve the universal availability of pulse oximetry in all IMCI services contact points, 

the Government of Bangladesh needs to prioritise its procurement and efficiently 

manage its distribution. In addition to ensuring the availability of pulse oximetry, it 
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is equally important to ensure the availability of oxygen in referral hospitals to 

aggressively correct and manage hypoxaemia (57, 58). Unfortunately, one-third of 

the DHs and one-fourth of the UHCs do not have a reliable oxygen source which is 

essential for managing children with hypoxaemia. Effective oxygen therapy requires 

not only prompt and accurate detection of hypoxaemia but also appropriate 

administration of oxygen, combined with good clinical evaluation and management 

of the underlying condition. Bangladesh can learn from other low- and middle-

income countries that have strategically invested in oxygen security in referral 

hospital and effectively reduced the burden of mortality due to pneumonia (59, 60). 

E perience from four decades of ‘o ygen pro ects’ shows that effective 

improvement of oxygen systems in low-resource settings is possible but is complex 

and requires context-specific technical, clinical, and managerial solutions (61). 

It is important to discuss some of the strengths and limitation of this study. BHFS-

2017 was conducted with a nationally representative sample allowing us to generate 

specific estimates by facility types, locations and divisions. Moreover, the data 

collection tool used in BHFS-2017 was validated and adapted to the national context 

through expert consultations. The survey presents a snapshot of the service 

availability and readiness of the surveyed facilities since it only considered the 

availability of services and items on the day of the visit. Information regarding service 

availability is based on the self-reported status of the facility. Regarding readiness, 

the data collectors physically verified the availability of required and essential items 

and assessed their functionality where applicable. Although there were no globally 

validated criteria for assessing the service availability and readiness related to 
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pneumonia management, we went through an expert consultation process under 

the leadership of IMCI programme in the Ministry of Health and Family Welfare to 

develop the service availability and readiness criteria for Bangladesh. The experts 

identified the lists of required and essential items as well as the scoring system based 

on consensus and under the leadership of the national IMCI programme. Although 

the lists and the scoring system are not validated externally, they reflect the national 

programme priorities. Lastly, we acknowledge that the gaps in service availability 

and readiness may be resulting from broader health systems building blocks issues 

such as health financing and governance. The availability of data did not allow us to 

explore and present such root causes, which needs to be explored through future 

research in this field.  

6.6 CONCLUSION 

Our study findings reported low to moderate level of readiness for providing IMCI-

based pneumonia management in public health facilities in Bangladesh. The 

readiness was significantly poorer among rural and lower-level facilities. Achieving 

the ambitious target of averting all preventable pneumonia-related mortality by 

2025 will require effective coverage of pneumonia management with appropriate 

quality of care from the governments and supports from global level partners. 

Ensuring the service availability and readiness of health facilities is the first step 

towards promoting effective coverage and is integral to WHO’s quality of care 

framework. There are substantial gaps in the availability of IMCI services and 

readiness of essential items required for pneumonia management in public health 

facilities in Bangladesh. The situation is significantly worse in the lower level and 
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rural facilities. Bangladesh should make substantial efforts to improve programme 

planning, implementation, and monitoring to address these critical gaps to ensure 

better provision of care for children suffering from pneumonia. Moreover, as IMCI 

has been scaled up in Bangladesh, there is a need for research on improving delivery 

strategies and overcoming barriers to implementation.  
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6.7 SUPPLEMENTARY MATERIALS 

6.7.1 Supplementary tables 

Supplementary table 6.1: List of core items required for pneumonia management services 

Essential items 

i. 1. IMCI trained staff 

ii. 3. CWS OR 4. IWS 

iii. 5. ARI Timer or watch able to record seconds hand 

iv. 6. Thermometer 

v. 8. Amoxicillin DT or syrup 

vi. 9. Injection Gentamycin 

vii. 10. Injection Diazepam 

viii. 11. & 12. Salbutamol inhaler/syrup/tablet 

ix. 13. Syringe (5 cc) 

x. 15. IMCI register 
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Supplementary table 6.2: Definition of readiness for all pneumonia readiness items 

 Items Readiness definition 

1. IMCI trained staff Availability of staff who received IMCI training ever 

2. IMCI Chart booklet Observed availability of IMCI chart booklet in the facility 

3. Child weighing scale 
Observed availability and functionality of child weighing 

scale in the facility 

4. Infant weighing scale 
Observed availability and functionality of infant weighing 

scale in the facility 

5. 
ARI Timer or watch able to 

record seconds hand 

Observed availability and functionality of ARI Timer or 

watch able to record seconds hand in the facility 

6. Thermometer 
Observed availability and functionality of thermometer 

in the facility 

7. Pulse oximeter 
Observed availability and functionality of pulse oxymeter 

in the facility 

8. Amoxicillin DT or syrup 
Observed availability of at least one valid Amoxicillin 

dispersible tablet or syrup in the facility 

9. Inj Gentamycin 
Observed availability of at least one valid injection 

gentamycin in the facility 

10. Inj Diazepam 
Observed availability of at least one valid injection 

Diazepam in the facility 

11. Sulbutamol inhaler 
Observed availability of at least one valid Sulbutamol 

inhaler in the facility 

12. Sulbutamol syrup/tablet 
Observed availability of at least one valid Sulbutamol 

syrup/ tablet in the facility 

13. 
Insulin syringe or disposable 5cc 

syringe 

Observed availability of insulin syringe or disposable 5cc 

syringe in the facility 

14. Spacers Observed availability of spacers in the facility 

15. IMCI register Observed availability of IMCI register in the facility 

16. IMCI referral form Observed availability of IMCI referral form in the facility 
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6.7.2 Supplementary figures 

Supplementary figure 6.1: Availability of core items required for managing pneumonia in public 
health facilities mandated to provide facility-based IMCI services in Bangladesh; presented in %; 
N=970 

 

DH: District Hospital 
UHC: Upazila Health Complex 
UHFWC: Union Health and Family Welfare Centres 
MCWC: Mother & Child Welfare Centre   
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Chapter 7: PROCESS OF INTEGRATING PULSE OXIMETRY IN 

THE NATIONAL IMCI IMPLEMENTATION PACKAGE 

One of my general objectives was to assess the feasibility of introducing pulse 

oximetry in routine IMCI services. The specific research question 5 was to assess the 

process of integrating pulse oximetry in the national IMCI implementation package 

of pulse oximetry for managing childhood pneumonia in Bangladesh. 

Table 7.1: General objectives and specific research questions 

Sl # Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1. What is the burden of hypoxaemia among children with pneumonia LMICs? 

2. What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including 
hypoxaemia in Bangladesh 

3. What is the context of childhood pneumonia-related deaths in Bangladesh? 

4. 
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5. 
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6. 
What is the adequacy of the training package developed for introducing pulse oximetry in 
routine IMCI services in Bangladesh?  

7. 
What is the feasibility of implementing the district model for introducing pulse oximetry 
in routine IMCI services in Bangladesh? 
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7.1 ABSTRACT 

7.1.1 Background  

Pneumonia is the leading cause of under-5 child deaths globally and in Bangladesh. 

Hypoxaemia or low (<90%) oxygen concentration in the arterial blood is one of the 

strongest predictors of child mortality from pneumonia and other acute respiratory 

infections. Since 2014, the World Health Organization recommends using pulse 

oximetry devices in IMCI services (outpatient child health services), but it was not 

routinely used in most health facilities in Bangladesh until 2018. This paper describes 

the stakeholder engagement process embedded in an implementation research 

study to influence national policy and programmes to introduce pulse oximetry in 

routine IMCI services in Bangladesh. 

7.1.2 Methods  

Based on literature review and expert consultations, we developed a conceptual 

framework, which guided the planning and implementation of a 4-step stakeholder 

engagement process. Desk review, key informant interviews, consultative 

workshops and onsite demonstration were the key methods to involve and engage 

a wide range of stakeholders. In the first step, a comprehensive desk review and key 

informant interviews were conducted to identify stakeholder organisations and 

scored them based on their power and interest levels regarding IMCI 
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implementation in Bangladesh. In the second step, two national level, two district 

level and five sub-district level sensitisation workshops were organised to orient all 

stakeholder organisations having high power or high interest regarding the 

importance of using pulse oximetry for pneumonia assessment and classification. In 

the third step, national and district level high power-high interest stakeholder 

organisations were involved in developing a joint action plan for introducing pulse 

oximetry in routine IMCI services. In the fourth step, led by a formal working group 

under the leadership of the Ministry of Health, we updated the national IMCI 

implementation package, including all guidelines, training manuals, services 

registers and referral forms in English and Bangla. Subsequently, we demonstrated 

its use in real-life settings involving various levels of (national, district and sub-

district) stakeholders and worked alongside the government leaders towards 

carefully resuming activities despite the COVID-19 pandemic. 

7.1.3 Results  

Our engagement process contributed to the national decision to introduce pulse 

oximetry in routine child health services and update the national IMCI 

implementation package demonstrating country ownership, government leadership 

and multi-partner involvement, which are steppingstones towards scalability and 

sustainability. However, our experience clearly delineates that stakeholder 

engagement is a context-driven, time-consuming, resource-intensive, iterative, 

mercurial process that demands meticulous planning, prioritisation, inclusiveness, 

and adaptability. It is also influenced by the expertise, experience, and positionality 

of the facilitating organization. 
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7.1.4 Conclusion  

Our experience has demonstrated the value and potential of the approach that we 

adopted for stakeholder engagement. However, the approach needs to be 

conceptualised coupled with the allocation of adequate resources and time 

commitment to implement it effectively. 
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7.2 BACKGROUND 

Pneumonia is the leading cause of childhood mortality, accounting for around 16% 

of 5.2 million under-5 deaths globally (1-3). In addition to mortality, childhood 

pneumonia contributes significantly to the global burden of disease through 

morbidities and long-term complications (4, 5). Moreover, most of these deaths and 

morbidities occur in low- and middle-income countries (LMICs) (1, 2). In Bangladesh, 

childhood pneumonia causes approximately 24,300 deaths per year, making it the 

leading cause of death in children younger than five years (6, 7). 

Hypoxaemia, defined by low (<90%) oxygen saturation in the arterial blood, is 

common among children with pneumonia and is one of the strongest predictors of 

mortality caused by pneumonia and other lower acute respiratory tract infections 

(8-12). Early identification of hypoxaemia and timely administration of oxygen 

therapy can avert a significant portion of hypoxaemia-related deaths (8, 10). Pulse 

oximetry is an easy, non-invasive, and low-cost procedure used to measure and 

monitor the oxygen saturation level of arterial blood (SpO2) (13). In high-income 

countries, pulse oximetry device is almost universally available as a standard for 

paediatric care but is rarely available and used in LMICs, particularly in routine 

outpatient services (11). However, in 2014, the World Health Organization (WHO) 

revised its guidelines for routine outpatient services, i.e., Integrated Management of 

Childhood Illness (IMCI), recommending the introduction and use of pulse oximetry 

in the early detection of hypoxaemia and referral decisions even in low-resource 

settings (12, 14-16). 
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Bangladesh was one of the sites in the Multi-Country Evaluation of IMCI coordinated 

by WHO (17). Based on the evidence generated from this study and global 

recommendations, the Government of Bangladesh adopted the IMCI strategy in 

1998 as its primary approach to delivering outpatient-based services for sick 

children, including those with pneumonia. A decade later, by 2008, health facility-

based IMCI was scaled up in all 64 districts and 420 of the 483 sub-districts (locally 

known as Upazilas) (18). However, despite this progress, the use of pulse oximetry 

was still not recommended in routine IMCI services until 2018, as the assessment for 

pneumonia was primarily based on clinical history taking and physical examinations 

(19). Therefore, an implementation research study was initiated in 2018 to assess 

the feasibility of introducing pulse oximetry in routine IMCI services in Bangladesh. 

The National Newborn Health and IMCI Programme of the Ministry of Health and 

Family Welfare led the study with technical support and facilitation from icddr,b (an 

international health research institute based in Bangladesh, which was formally 

known as International Centre for Diarrhoeal Disease Research, Bangladesh), and 

funding from the NIHR Global Health Research Unit on Respiratory Health (RESPIRE) 

through the University of Edinburgh, UK (20, 21). The implementation research was 

conducted in one district hospital, five sub-district hospitals (locally known as the 

Upazila Health Complexes) and five primary care health centres (locally known as 

Union Health and Family Welfare Centres) in Kushtia, a rural district in Bangladesh. 

The National Newborn Health and IMCI Programme in consultation with icddr,b 

selected Kushtia as the demonstration site as the under-5 and neonatal mortality 

rates of the district were close to the average national estimates (22). The objective 
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of the study was to incorporate the recommendations for using pulse oximetry in 

routine IMCI services in national policy and programme documents, and assess the 

usability, acceptability, fidelity and utility based on WHO’s implementation research 

guideline (23). 

Engaging a wide range of stakeholders is a key step for ensuring the relevance of 

research studies and improving the utilisation of research findings in local health 

systems settings (24, 25). As a result, health research funding agencies are 

increasingly promoting stakeholder engagement as an important step towards 

achieving impact (26). Unfortunately, there is a dearth of evidence regarding the 

process of conceptualization, planning, implementation as well as mitigating 

challenges associated with stakeholder engagement in real-life settings. One of the 

main objectives of our implementation research was to promote context-specific 

solutions to implementation, participatory approach, government leadership, 

country ownership, scalability and sustainability by engaging key stakeholders at 

every stage of design, development, implementation and decision-making (25). In 

this paper, we describe the rationale, strategy and process of influencing the policy 

and programme through a context-driven stakeholder engagement approach. 

7.3 METHODS 

7.3.1 Study design 

Stakeholders are individuals, organisations, or communities that can influence or are 

affected by a project’s process and outcomes, research or policy (27). Stakeholder 

engagement is an iterative process of actively soliciting interested and influential 
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individual’s knowledge, experience, and values to create a shared understanding, 

mutually agree on outcomes, and make relevant, transparent, and effective 

decisions. Essentially, a bi-directional relationship between the stakeholders and the 

researchers results in informed decision-making about the prioritisation, 

implementation, and use of research findings (28). The literature on stakeholder 

engagement in health research points towards various processes and approaches, 

primarily derived from priorities, opportunities and contexts (24, 28-30). Guided by 

the literature, consultations with policymakers and experts, and based on practical 

experiences in implementing development projects in the context of Bangladesh, we 

adapted a conceptual framework to guide the stakeholder engagement related 

activities in our study (Figure 7.1). This framework proposes four steps. Step-1: 

Identification and prioritisation of stakeholders for subsequent sensitisation, 

involvement and engagement. Step-2: Sensitising the majority of stakeholders 

regarding the context, rationale, importance and process of the proposed research 

to build interest, confidence and trust. Step-3: Involving key stakeholders in 

planning, ensuring agreement regarding the implementation process and solidifying 

commitments for shared responsibilities. Step-4: Engaging the stakeholders at every 

stage of design, development, implementation and evaluation. 
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Figure 7.1: Conceptual framework adapted to guide the stakeholder engagement process to 
integrating pulse oximetry in routine IMCI services in Bangladesh 

 

Step 1: Identifying stakeholders for sensitisation, involvement, and engagement 

In Bangladesh, health services are provided by two directorates under the Ministry 

of Health and Family Welfare. They are the Directorate General of Health Services 

and Directorate General of Family Planning. Each directorate has a dedicated 

programme for child health, which manages the child health services, including IMCI 

services in Bangladesh. In addition, several other programmes are also related to 

child health services. Besides the government programmes, several development 

partners and professional societies support the Government of Bangladesh in 

managing and implementing child health services, including IMCI services. The 

National Newborn Health and IMCI Programme under the Directorate General of 

Health Services of the Ministry of Health and Family Welfare is responsible for 

coordinating with all partners and ensuring the delivery of IMCI services in 

Bangladesh. 
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First, comprehensive desk review was conducted on IMCI related documents and 

eight key informant interviews to identify national and district level stakeholders 

related to IMCI implementation in Bangladesh (Supplementary table 7.1 and 7.2). 

We purposively selected the key informants based on their former and current 

involvement with the IMCI programme in Bangladesh. After reaching reasonable 

level of data saturation, we identified 16 national-level and 16 district-level 

stakeholder organisations ranging from government health programmes, 

professional societies, UN agencies, local, national, and international non-

government organisations (NGO), health service providers, etc. As Kushtia was our 

demonstration district, we identified the IMCI related stakeholder organisations 

exclusively working in Kushtia district. 

We primarily focused on influencing the policy and guidelines to introduce and 

integrate pulse oximetry in routine IMCI services in Bangladesh. We also wanted to 

maximise the use of limited resources by prioritising a few stakeholder organisations 

that we would engage with. Hence, we organised a consultative workshop with the 

Programme Manager and all of the five Deputy Programme Managers of the 

National Newborn Health and IMCI Programme, where we used the Power-Interest 

matrix for stakeholder prioritisation (31). 

At the workshop, the participants scored each stakeholder organisation on their level 

of power and interest regarding IMCI implementation in Bangladesh based on a 10-

point Likert scale where one was regarded as the lowest and ten was considered the 

highest (Supplementary table 7.3) (32). We then plotted each stakeholder 
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organisation (identified through desk review and key informant interview) in the 

Power-Interest matrix based on their average scores allotted by the workshop 

participants (Figure 7.2). Any stakeholder organisation with an average interest score 

of 6 and above was considered to have high interest. Similarly, any stakeholder 

organisation having an average power score of 6 and above was considered to have 

high power. Thus, of the 16 stakeholder organisations identified at the national level, 

five were categorised in the high power-high interest group, five in the high power-

low interest and two low power-high interest groups, while four stakeholders were 

classed into the low power-low interest group. The 16 district-level stakeholder 

organisations were categorised similarly, with six prioritised as having high power-

high interest. We decided to inform (described in step 2) all the stakeholders with 

high power or high interest but focus our attention on stakeholders with high power-

high interest during the involve (described step 3) and engage (described in step 4) 

phases. 
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Figure 7.2: Power-Interest mapping of national and district level stakeholder organisations related 
to IMCI implementation in Bangladesh 
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Step 2: Sensitising stakeholders for awareness building and understanding 

Two sensitisation workshops were conducted with national-level stakeholders 

prioritised in the previous step. In the first workshop, we invited 40 participants from 

stakeholder organisations representing the high power-high interest, high power-

low interest, and high interest-low power groups. The Programme Manager of the 

National Newborn Health and IMCI Programme chaired the workshops to promote 

country ownership and government leadership. In the first workshop, the research 

team of icddr,b presented the burden of hypoxaemia among children suffering from 

pneumonia, the importance of using pulse oximetry in hypoxaemia assessment and 

the updated WHO recommendation for introducing pulse oximetry in routine 

assessment and classification of pneumonia. In the second workshop, the invitation 

was limited to 19 participants from five organisations representing the high power-

high interest group (14, 15, 33, 34). The participants discussed both the technical and 

operational feasibility of introducing pulse oximetry in routine IMCI services in 

Bangladesh. 

A sensitisation workshop was conducted in Kushtia, with 32 participants from all 

district level stakeholder organisations, including the district health manager (locally 

known as Civil Surgeon, i.e. CS), district level family planning manager (locally known 

as Deputy Director Family Planning, i.e. DDFP), all (five) sub-district health managers 

(locally known as Upazila Health and Family Planning Officers, i.e. UH&FPO) and all 

sub-district level family planning managers (Upazila Family Planning Officers, i.e. 

UFPO). In addition, managers from the National Newborn Health and IMCI 

Programme attended the event. They presented the importance of identifying 



 

Chapter 7: page 236 

hypoxaemia in pneumonia assessment and classification and discussed the 

operational feasibility of introducing pulse oximetry in real-life settings. 

Subsequently, we organised five such sensitisation workshops in each sub-district, 

with 14 participants in each workshop, including IMCI service providers such as 

doctors, nurses and paramedics (locally known as Sub-assistant Community Medical 

Officers, i.e., SACMO) and their respective supervisors. For each sub-district level 

workshop, the respective sub-district health managers gave the keynote 

presentation. 

Lastly, 71 enlisted national and local level NGOs actively working in Kushtia district 

were identified, of which 21 had strong community acceptance and health-related 

activities. We organised another sensitisation workshop with representatives from 

these 21 organisations. The district health manager gave the keynote presentation, 

and all the sub-district managers contributed to the subsequent discussions. All 

participating NGO partners agreed to raise awareness regarding pneumonia and 

hypoxaemia and promote appropriate care-seeking practices in the local 

communities. 

Step 3: Involving stakeholders in joint planning and sharing responsibilities 

Like the previous sensitisation phase, we organised workshops at the national, 

district, and sub-district levels to involve stakeholder organisations representing the 

high power and high-interest group, discuss a strategy, and develop a mutually 

agreed plan for introducing pulse oximetry in routine IMCI services of Bangladesh. 

At the national level, the Programme Manager of the National Newborn Health and 
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IMCI Programme chaired the workshop. All the participants discussed and developed 

a national action plan to introduce pulse oximetry in routine IMCI services in 

Bangladesh. The roles of all key stakeholder organisations were clarified and defined 

in this comprehensive action plan. The National Newborn Health and IMCI 

Programme agreed to lead this process, and WHO, UNICEF, Save the Children and 

icddr,b committed to providing technical assistance and implementation support. 

The National Newborn Health and IMCI Programme also decided to update the 

National IMCI Implementation Package based on the updated WHO 

recommendations, including introducing pulse oximetry in pneumonia assessment 

and classification. This National IMCI Implementation Package consists of guidelines, 

registers, referral forms, reporting forms, job aids, monitoring checklist, list of 

essential equipment, medicine and logistics and training manuals. It was also 

decided that the development partners will be initially responsible for the 

procurement and supply of pulse oximetry devices in some demonstration facilities. 

The National Newborn Health and IMCI Programme declared to include pulse 

oximeters in the national procurement plan if the demonstration is successful. 

A small working group was formed with technical experts from each stakeholder 

organisation with high power-high interest to update the implementation package. 

The small working group recommended assessing the feasibility of implementing the 

updated implementation package (including pulse oximetry) through an 

implementation research study. icddr,b volunteered to lead this implementation 

research study in Kushtia district. The working group members identified the 

evidence gaps and finalised key research questions for the implementation research 
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through a consultative process. Further, at this workshop, it was also decided that 

the experience gathered through this implementation research would assist the 

Government of Bangladesh in taking evidence-based decisions for a national scale-

up. 

A planning workshop was organised in Kushtia district headquarter, which was 

chaired by the district health manager and attended by all sub-district health 

managers. At this workshop, the participating stakeholders decided that the 

implementation research would include all types of health facilities providing IMCI 

services. Hence, the Kushtia District Hospital, all five Upazila Health Complexes and 

one Union Health and Family Welfare Centre from each sub-district were selected as 

demonstration sites for the implementation research study. A district-level action 

plan was jointly developed outlining the roles of different district level stakeholders 

and the key activities, including training, distribution of pulse oximetry device, 

revised IMCI registers, referral forms and reporting forms, supportive supervision 

visits and assessments. Subsequently, a planning workshop was organised in each 

sub-district with the supervisors of IMCI service providers. The respective sub-district 

managers chaired this event and shared guidance on developing a sub-district level 

implementation plan for introducing pulse oximetry. A preparatory and planning 

meeting followed in each demonstration facility with IMCI service providers, 

respective supervisors, and facility managers, leading to the finalisation of a facility-

specific implementation plan (with a timeline) to introduce pulse oximetry minimally 

impacting their routine services and existing practices. 
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Step 4: Engaging stakeholders in design, development, and implementation 

In this stage, National Newborn Health and IMCI Programme and icddr,b worked 

closely with the high power-high interest stakeholders on the following steps to 

update the IMCI implementation package and implement it in the demonstration 

facilities in real-life settings. 

i. Formation of a working group: The Line Director of Maternal, Newborn, 

Child and Adolescent Health Programme of the Ministry of Health and Family 

Welfare formed a small working group with 13 IMCI experts representing the 

five high power-high interest groups to review and update the National IMCI 

Implementation Package (Supplementary table 7.4). The Programme 

Manager of the National Newborn Health and IMCI Programme chaired this 

group and icddr,b provided secretarial support. The group agreed to review 

the current availability of pulse oximetry devices in public health facilities 

and the overall oxygen delivery system in the country in addition to 

incorporating the recommendations and instruction to use pulse oximetry in 

the national IMCI implementation package. 

ii. Updating the National IMCI Implementation Package: The working group 

reviewed the National IMCI Implementation Package, which was based on 

the previous WHO guideline in 2009 and compared them with the updated 

WHO  guidelines in 2014 (15, 35) (Supplementary table 7.5). In addition to 

the new guidance on using pulse oximetry in pneumonia assessment and 

classification, WHO recommended other major changes in the assessment, 
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classification and management of possible serious bacterial infection (among 

children aged 0-59 days), pneumonia (among children aged 2-59 months), 

diarrhoea, dehydration and malnutrition. The working group discussed these 

changes and decided to incorporate them in the national IMCI guidelines 

based on the country context, rationale, and operational feasibility. Based 

on these decisions, the working group also updated the national IMCI chart 

booklet of Bangladesh. The key changes that are incorporated in the National 

IMCI chart booklet and summarised in Supplementary table 7.6. 

Subsequently, relevant training manuals were updated for IMCI services 

providers (doctors, nurses, and paramedics), community health workers and 

medical students (pre-service training). The working group also updated the 

IMCI-related service register, referral form, reporting form and job aids. 

Additional implementation materials such as the essential list of IMCI-

related equipment, drugs and logistics, and monitoring checklists were also 

updated. All the National IMCI Implementation Package documents were 

developed in English and Bangla (the official language of Bangladesh). It took 

the working group a total of thirteen meetings (each lasting from three to 

five hours) to review and update all the documents in the IMCI 

implementation package (Figure 7.3). 
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Figure 7.3: Documents in the National IMCI Implementation Package updated to incorporate the 
recommendation for using pulse oximetry in routine IMCI services 

 

 

iii. Orientation training of national IMCI master trainers and pre-testing with 

IMCI service providers: We organised a workshop to orient the national IMCI 

master trainers to the updated National IMCI Implementation Package, 

including the use of pulse oximetry in pneumonia assessment and 

classification. The master trainers reviewed the updated documents 

(primarily the chart booklet and training manuals) and shared their feedback. 

Afterwards, the updated training package was pre-tested among IMCI 

service providers, including doctors, nurses, and paramedics. The National 

Newborn Health and IMCI Programme organised the training, the national 

master trainers facilitated the sessions, and icddr,b conducted assessment 

and evaluations. A total of 40 doctors, 91 nurses and 67 paramedics received 

training in 10 batches. We collected feedback from the IMCI providers on the 
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National IMCI Implementation Package, including the training manuals, 

registers, job aids and reporting forms. Figure 7.4 shows the response of the 

IMCI service providers regarding the perceived importance, acceptance and 

confidence of using pulse oximetry in a five-point Likert scale, which were 

collected after the end of the training. The average Likert scale score was 

more than four across all response categories. We also did not find any 

significant difference (ANOVA test) across the three types of providers for 

any of the response categories. 

Figure 7.4: Response of IMCI service providers regarding perceived importance, acceptance and 
confidence of conducting pulse oximetry assessments after receiving training with the updated 
implementation package; presented in average score in a five-point Likert scale, doctors=40, nurses 
=91, paramedics=67 

 

iv. Finalisation of the National IMCI Implementation Package: Following the 

training workshops with master trainers and IMCI service providers, the 

working group updated the national implementation package based on their 

feedback. Then National Newborn Technical Working Committee for 

Newborn Health and the National IMCI Technical Working Committee, the 

highest-level technical committees regarding newborn and child health in 
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Bangladesh, reviewed the updated package and shared feedback. The 

National IMCI Implementation Package was finalised after incorporating 

their feedback and inputs. 

v. Incorporation of the use of pulse oximetry and hypoxaemia in the national 

health service records: Over a series of six consultative workshops, the 

National Newborn Health and IMCI Programme convinced the Management 

Information System (MIS) department of the Directorate General of Health 

Services to update the national IMCI dataset (maintained in the national 

DHIS2) based on the updated monthly reporting form (including updated 

pneumonia classification and hypoxaemia status). icddr,b provided technical 

assistant and secretarial support in organising these events. 

vi. Involving national-level stakeholders in the implementation research: A co-

design and co-creation approach was adopted to develop the 

implementation research protocol. icddr,b led the process and engaged the 

National Newborn Health and IMCI Programme and other stakeholder 

organisations representing the high-power and high-interest group to 

prioritise research questions and finalise the research design, data collection 

methods, and data collection instruments. Additionally, one of the Deputy 

Programme Managers of the National Newborn Health and IMCI Programme 

joined the research team as a Co-Investigator. 

vii. Local-level involvement in the implementation research: A district advisory 

committee was formed to guide the implementation research study in 

Kushtia-district. The district health manager chaired the committee, and all 

the sub-district level health managers were included as members. First, the 

advisory committee was oriented regarding the research questions and 

study design. Later, the committee developed a macro plan to introduce 

pulse oximetry in the selected facilities and conduct quantitative and 

qualitative assessments as outlined in the research protocol. Subsequently, 

a planning meeting was organised in each facility with respective IMCI 
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service providers and their supervisors to review the macro plan and develop 

a micro plan with a timeline. A dissemination meeting was organised with 

the district advisory committee after the baseline and each round of data 

collection. icddr,b provided technical assistance and secretarial support 

throughout the process. 

viii. Resuming study activities during the COVID-19 pandemic: The Government 

of Bangladesh declared a nationwide lockdown in the last week of March 

2020 to prevent the surge of COVID-19 infections and deaths. Unfortunately, 

all the implementation research-related activities were suspended due to 

the strict restrictions imposed during the lockdown period. In August 2020, 

the government started to reduce restrictions. The National Newborn Health 

and IMCI Programme issued an official order to resume the research 

activities with appropriate infection prevention and control measures. A 

series of meetings were organised in Kushtia-district with the district health 

manager and sub-district health managers to resume the suspended 

activities and revise the implementation plan (both macro plan and micro 

plan) accordingly. 

7.3.2 Resources required for stakeholder engagement 

Desk Review: A total of 37 documents with approximately 2507 pages were 

reviewed to identify the stakeholders and update the National IMCI Implementation 

Package. It required around 120 person-days of effort by medical graduates with 

basic IMCI training. 

Resource person interview: A total of eight interviews and a group discussion was 

organised with IMCI experts to identify and prioritise the stakeholder organisations, 

requiring ten person-hours for interviewing and an additional 30 person-hours for 

transcribing and analysis. 
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Document development, editing and formatting:  The National IMCI 

Implementation Package containing 24 documents with 1685 pages were updated, 

which required approximately 140 person-days of reviewing, editing and formatting 

to prepare the final versions. 

Workshops: At the national level, 30 workshops were organised to sensitise (step 2), 

involve (step 3) and engage (step 4) the stakeholders, requiring approximately 416 

person-days of involvement by IMCI experts and stakeholders. In addition, about 42 

person-days of investment was needed from icddr,b for taking preparation and 

organising the events. Furthermore, around 30 person-days was required to prepare 

and approve the meeting notes for official documentation. 

At the district level, 45 meetings were organised, requiring approximately 183 

person-days of involvement by IMCI service providers, 86 person-days by their 

clinical supervisors, and 101 person-days by district, sub-district and facility 

managers. 

Travel and transport: To sensitise (step 2), involve (step 3) and engage (step 4) 

stakeholders at the district level, extensive travel and transport were required. A 

total of 97 person-days of travel and transportation were needed from central-level 

staff and 312 person-days from local-level staff to organise and participate in the 

stakeholder engagement related events  

Figure 7.5 summarises the resource required for undertaking the above-mentioned 

stakeholder engagement related activities. 
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Figure 7.5: Resources required and invested for stakeholder engagement activities 

 

7.3.3 Timeline 

Step 1-Identify: This process began in October 2018 and continued till December 

2018. 

Step 2- Sensitise: At the national level, the sensitisation process started in January 

2019 and continued till the end of that year, while at the district level, the 

sensitisation activities went on from October 2019 till February 2020.  

Step-3-Involve: At the national level, the involvement process took place in June 

2019 and at the district level, the process took place in March 2020.  

Step 4-Engage: The national-level engagement process started in June 2019 and 

ended in January 2021. The district-level engagement process began in December 

2020 and ended in July 2021.  

Figure 7.6 presents the timeline of major stakeholder engagement related activities 
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Figure 7.6: Milestones and timeline of stakeholder engagement activities 

 
DHIS2: District Health Information Software 2  

MIS: Management Information System 

NNHP&IMCI: National Newborn Health Program & Integrated Management of Childhood Illness 

CBHC: Community Based Health Care 
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7.4 RESULTS 

7.4.1 Impact of the stakeholder engagement process 

CHANGE IN NATIONAL POLICY AND STRATEGY 

The Government of Bangladesh and all the key stakeholders acknowledged the 

importance of identifying hypoxaemia through SpO2 assessment for improving 

pneumonia assessment, classification, and management. As a result, the 

Government of Bangladesh decided to introduce pulse oximetry in routine IMCI 

services in Bangladesh. 

CHANGE IN THE NATIONAL PROGRAMME 

The National Newborn Health and IMCI Programme formed a national-level working 

committee with high power-high interest stakeholder organisations related to IMCI 

implementation in Bangladesh. This high-level working committee updated the 

National IMCI Implementation package including the chart booklet, register, referral 

form, reporting form, monitoring checklist and training manuals and incorporated 

specific recommendations to use pulse oximetry in relevant sections. Further, three 

hypoxaemia related indicators were included in the national IMCI dataset in DHIS2. 

The Government of Bangladesh trained 4872 IMCI service providers from across the 

country based on the updated National IMCI Implementation Package. 

Progress towards scalability and sustainability 

The Government of Bangladesh decided to scale up the use of pulse oximetry in 

routine IMCI services in a phased manner. As a result, the National Newborn Health 
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and IMCI Programme revised its existing plan and decided to procure pulse oximetry 

devices for the IMCI corners in approximately 200 Upazila health complexes. In the 

next phase, the National Newborn Health and IMCI Programme is planning to 

procure pulse oximetry devices for the remaining of the IMCI corners in the Upazila 

Health Complexes (approximately 250) and other union-level facilities 

(approximately 5000). Additionally, UNICEF has committed to support the 

Government of Bangladesh’s national scale-up endeavour by introducing pulse 

oximetry in eight districts. icddr,b has committed to support in two districts, and 

Save the Children in one district. Moreover, WHO has supported the government by 

printing the updated IMCI registers for all facilities. 

7.4.2 Lessons learned 

We present the key learnings from the stakeholder engagement activities based on 

the SWOT analysis approach (36, 37). The summary of the SWOT analysis is 

presented in Figure 7.7. 
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Figure 7.7: Strength, weakness, opportunity, and threat analysis of the stakeholder engagement 
process 

 

7.4.3 Strength 

a. Context-driven: Our implementation research study primarily aimed to 

influence the national policy and programmes. Based on the context and 

prior experience, we adopted a framework with four steps for stakeholder 

engagement and prioritised only the high power-high interest stakeholder 

organisations. The framework guided the whole process and all related 

activities, and the prioritisation helped maximise the use of limited resources. 

Therefore, any implementation research study aiming to engage 

stakeholders need to adapt and modify the framework based on the 

objective and context. 

b. Country ownership, government leadership and multi-partner 

involvement: The Government of Bangladesh demonstrated leadership in 

forming and leading the national working group, chairing the workshops, 
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developing the strategic plans, and bringing multiple partners together for 

building national consensus on introducing pulse oximetry in routine IMCI 

services in Bangladesh. All the major non-government organisations and 

development partners related to IMCI implementation in Bangladesh 

committed to using the updated National IMCI Implementation Package in 

their respective health system strengthening initiatives. 

c. Expertise, experience and relationships of the facilitating organisation: The 

technical expertise and experience of icddr,b in the introduction and scale-

up of IMCI services in Bangladesh and pre-existing relationships with other 

high power-high interest stakeholder organisations substantially contributed 

to the identification, sensitisation, involvement, and engagement of other 

high power-high interest stakeholder organisations. Moreover, the 

communication, and organising skills of icddr,b contributed to facilitating the 

stakeholder engagement process efficiently. Therefore, the positionality of 

implementing organisations needs to be considered before adopting a 

particular approach for engaging stakeholders. 

7.4.4 Weakness 

d. Time consuming: It took more than two and a half years to implement the 

stakeholder engagement related activities and achieve the objective of 

incorporating the use of pulse oximetry in national policy and programme. 

Numerous workshops were organised based on the availability of all high 

power-high interest stakeholders, which was difficult considering their busy 



 

Chapter 7: page 252 

schedules, especially during ongoing COVID-19 pandemic. Extensive 

deskwork and preparations were necessary before organising these 

workshops, which called for several days or weeks of preparation. Hence, 

engaging the stakeholders effectively is time-consuming and will require 

patience and commitment by the facilitating organisation. 

e. Resource intensive: The initial stage involved reviewing a significant number 

of documents to identify stakeholders and update the National IMCI 

Implementation Package, which required a substantial amount of person-

time involvement of project staff. In addition, organising workshops at 

national, district and sub-district levels required numerous person-days of 

involvement from IMCI experts, managers, service providers and project 

staff. It also required extensive travelling by the project staff. Since 

stakeholder engagement is a resource-intensive process, it is important to 

have a planning and specific budgetary allocation for stakeholder 

engagement at the outset of any project. 

f. Iterative: Reviewing, editing, and formatting several lengthy documents 

were essential for updating the National IMCI Implementation Package. 

Some of these documents required numerous rounds of editing and 

formatting to address and incorporate the feedback of all the stakeholders 

across the national, district and sub-district levels before finalisation. For 

example, IMCI chart booklet had 23 rounds of iteration and IMCI registers 

had 19 rounds of iteration before finalisation. Hence, the facilitating 
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organisation need to have dedication and attention to details to effectively 

steer the stakeholder engagement process. 

g. Mercurial: The power-interest matrix of the stakeholders does not stay static 

and could change at any given time. For example, during the engagement 

process, one of the stakeholders with high power and low interest 

unexpectedly turned into a high power-high interest actor and started posing 

a risk to the process. Therefore, some part of the stakeholder engagement 

process was adapted based on the agenda of that particular stakeholder. In 

addition, during the stakeholder engagement process, there can be changes 

in leadership positions. For example, the National Newborn Health and IMCI 

Programme manager was changed twice, and the district health manager 

was changed three times during the engagement process, owing to 

administrative transfers. It required investing additional time and efforts to 

sensitise the new stakeholders and garnering their active buy-in to introduce 

pulse oximetry in routine IMCI services. Hence, stakeholder engagement is 

an adaptive process and will require flexibility in revising, updating and 

changing the plan based on the context and circumstances. 

7.4.5 Opportunity 

h. COVID-19 pandemic- general awareness regarding hypoxaemia: The COVID-

19 pandemic has raised awareness among the health care provider and care 

receiver for using pulse oximetry in measuring the oxygen saturation level 
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and assessing the severity of pneumonia. This opportunity has facilitated the 

implementation process more easily. 

7.4.6 Threats 

i. COVID-19 Pandemic- lockdown and restrictions: The stakeholder 

engagement related activities and plans required extensive modification and 

revision due to the COVID-19 pandemic. During the first lockdown period 

between March and August 2020, all project-related activities were 

suspended. The team advocated with the National Newborn Health and IMCI 

Programme to resume project activities after the COVID-19 related 

restrictions were eased. 

j. Other national and programme priorities: The engagement process and 

project-related activities were also interrupted by unanticipated events, such 

as implementing the national Measles-Rubella campaign, which kept the 

district and sub-district health managers and IMCI service providers occupied 

during February and March 2021. Therefore, the potential impact of an 

emerging threat on the overall outcome and timeline of the stakeholder 

engagement process must be acknowledged and should have the flexibility 

of modifying the plan to take course corrective measures. 

7.5 CONCLUSION 

Our experience has demonstrated the value and potential of the approach that we 

adopted for stakeholder engagement. Our engagement process contributed to the 

national decision to introduce pulse oximetry in routine IMCI services and update 
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the national implementation package, which are steppingstones towards scalability 

and sustainability. However, our experience also reveals that stakeholder 

engagement is a context-driven, time-consuming, resource-intensive, iterative, 

mercurial process that demands planning, prioritisation, inclusiveness and 

adaptability. It is also influenced by the expertise, experience and positionality of the 

facilitating organisation. However, the approach needs to be conceptualised coupled 

with the allocation of adequate resources and time commitment to replicate its 

impact and implement it effectively in other settings. 
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7.6 SUPPLEMENTARY MATERIALS 

7.6.1 Supplementary tables 

Supplementary table 7.1: List of documents reviewed for updating the IMCI implementation 
package 

Si 
no 

Name of the document 
Number of 

pages 

1. IMCI chart booklet WHO 2014 80 

2. IMNCI Sick Young Infant chart booklet WHO 2019 36 

3. Bangladesh adopted IMCI chart booklet 2018 43 

4. IMCI training manual - 1. introduction 32 

5. IMCI training manual - 2. assess & classify 201 

6. IMCI training manual - 3. identify treatment 50 

7. IMCI training manual - 4. treatment 145 

8. IMCI training manual - 5. counselling 53 

9. IMCI training manual - 6. management of young infants aged up to 2 
months 

70 

10. IMCI training manual - 7. follow-up 54 

11. IMCI monthly reporting Form  1 

12. Case recording form (Age up to 2months)  2 

13. Case recording form (Age 2 months to 5 years)  2 

14. IMCI referral form 2 

15. IMCI teacher’s guide – (English)  77 

16. IMCI student’s handbook – (English)  180 

17. IMCI chart booklet for basic health workers (Bangla) 26 

18. IMCI training module for basic health workers (Bangla) 130 

19. IMCI manager’s toolkit (Bangla)  88 

20. IMCI job aids (English) 6 

21. IMCI job aids (Bangla) 6 

22. Pre & post-test tools  2 

23. Supervision checklist 1 

24. Training schedule 4 

25. Community health care provider training module  328 

26. Operationalising management of sick young infants with possible serious 
bacterial infection (PSBI) when referral is not feasible in the context of 
existing maternal, newborn, and child health programmes 

70 

27. WHO pulse oximeter 24 

28. WHO pocketbook 438 

29. WHO guideline for malaria treatment 2015 317 

30. Integrated Management of Childhood Illness (IMCI) in Bangladesh: early 
findings from a cluster-randomised study 

7 

31. Community-based treatment of severe childhood pneumonia 2 

32. Effect of the Integrated Management of Childhood Illness strategy on 
childhood mortality and nutrition in a rural area in Bangladesh: a cluster 
randomised trial 

10 

33. Care at first-level facilities for children with severe pneumonia in 
Bangladesh: a cohort study 

8 

34. Treating severe pneumonia in children: we can do better 1 

35. Reducing child mortality: can public health deliver? 5 

36. Treating severe pneumonia in children: we can do better 1 

37. Reducing child mortality: can public health deliver? 5 
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Supplementary table 7.2: List of interviewed informants, formerly and currently involved in the IMCI 
programme. 

Sl no Designation Organisation 

1. 
Programme Manager, National Newborn Health 
Programme and IMCI 

Directorate General of Health 
Services (DGHS) 

2. 
Ex-Programme Manager, National Newborn Health 
Programme and IMCI 

Directorate General of Health 
Services (DGHS) 

3. 
Deputy Programme Manager, Training and child 
injury, National Newborn Health Programme and 
IMCI 

Directorate General of Health 
Services (DGHS) 

4. 
Deputy Programme Manager, Newborn Health, 
National Newborn Health Programme and IMCI 

Directorate General of Health 
Services (DGHS) 

5. 
National Professional Officer - Making Pregnancy 
Safer and Healthy Aging 

World Health Organisation 
(WHO) 

6. 
Advisor, Pneumonia Sentinel Commitment (PCC) 
Project 

Save the Children International 
(SCI) 

7. Health Specialist (Newborn Health) UNICEF 

8. 
Senior Director and Senior Scientist, Maternal and 
Child Health Division 

icddr,b 
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Supplementary table 7.3: List of acronyms for the Power matrix mapping figure (Figure- 7.2). 

Sl 
no 

Type Acronym Stakeholder Power Interest 

1. National BNF Bangladesh Neonatal Federation 6 3 

2. National BPA Bangladesh Paediatric Association 7 4 

3. National PSB Perinatal Society of Bangladesh 2 2 

4. National 
DGFP-
MCRAH 

Directorate General of Family Planning- 
Maternal, Child, Reproductive and Adolescent 
Health 

5 9 

5. National 
DGHS-
CBHC 

Directorate General of Health Services-
Community Based Health Care- Operational 
Plan 

3 6 

6. National 
DGHS-
HIS&  
e-Health 

Directorate General of Health Services- Health 
Information System and e-Health- Operational 
Plan 

4 7 

7. National 
DGHS-
MNC&AH 

Directorate General of Health Services-
Maternal Newborn Child and Adolescent Health 

9 10 

8. National 
DGHS-
NNS 

Directorate General of Health Services-National 
Nutrition Services- Operational Plan 

4 8 

9. National 
DGHS-
PMR 

Directorate General of Health Services-
Planning, Monitoring and Research- 
Operational Plan 

3 4 

10. National SCI Save the Children 7 7 

11. National UNICEF 
United Nations International Children’s 
Emergency Fund 

6 8 

12. National WHO World Health Organization 8 6 

13. National DNCC Dhaka North City Corporation 4 3 

14. National DSCC Dhaka South City Corporation 4 4 

15. National DGMEd Directorate General of Medical Education 2 6 

16. National icddr,b 
International Centre for Diarrhoeal Disease 
Research 

10 7 

17. District CS Civil Surgeon 8 9 

18. District DDFP Deputy Director Family Planning 2 6 

19. District FWV Family Welfare Visitor 4 5 

20. District RMO Residential Medical Officer 8 7 

21. District SACMO 
Sub-Assistant Community Medical Officer-
DGHS 

8 6 

22. District SACMO Sub-Assistant Community Medical Officer-DGFP 2 2 

23. District TMSS Thengamara Mohila Sobuj Sangha 3 5 

24. District UFPO Upazila Family Planning Officer 2 5 

25. District UH&FPO Upazila Health and Family Planning Officer 9 8 

26. District Udoy Local Non-Government Organisation 1 2 

27. District Compon Local Non-Government Organisation 2 1 

28. District Shiropa Local Non-Government Organisation 5 3 

29. District Gontobbo Local Non-Government Organisation 6 3 

30. District Doctor Local Non-Government Organisation 7 7 

31. District Nurse Local Non-Government Organisation 6 6 

32. District SCI Save the Children 7 5 
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Supplementary table 7.4: Team composition and terms of references of IMCI small working group. 

Sl no Designation Organisation 

1.  DPM, Monitoring and Data Quality, NNHP & IMCI DGHS 

2.  DPM, Training and Child Injury, NNHP & IMCI DGHS 

3.  DPM, Newborn Health, NNHP & IMCI DGHS 

4.  Focal Point, NNHP Cell, NNHP & IMCI, MNCAH DGHS 

5.  NPO-Making Pregnancy Safer and Healthy Aging WHO 

6.  Health Specialist UNICEF 

7.  Program Director, MAMONI MNCSP Save the Children 

8.  Advisor, MAMONI MNCSP Save the Children 

9.  Senior Scientist icddr,b 

10.  Associate scientist icddr,b 

11.  Deputy Project Coordinator icddr,b 

12.  Research Investigator icddr,b 

13.  Research Investigator icddr,b 
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Supplementary table 7.5: List of the documents of IMCI implementation package 

Sl no. List of Documents Number of Pages 

1.  IMCI chart booklet (English) 52 

2.  IMCI chart booklet (Bangla) 52 

3.  IMCI register for 0- 59 days (English) 1 

4.  IMCI register for 0-59 days (Bangla) 8 

5.  IMCI register for 2 months - 5 years (English) 1 

6.  IMCI register for 2 months - 5 years (Bangla) 7 

7.  IMCI referral form (English) 1 

8.  IMCI referral form (Bangla) 1 

9.  IMCI monthly reporting form (English) 1 

10.  IMCI monthly reporting form (Bangla) 8 

11.  IMCI training manual (English) 428 

12.  IMCI training manual (Bangla) 425 

13.  IMCI monitoring and supervision checklist (English) 1 

14.  IMCI monitoring and supervision checklist (Bangla) 1 

15.  IMCI teacher’s guide (English) 75 

16.  IMCI student’s handbook (English) 196 

17.  IMCI manager’s toolkit (English) 111 

18.  IMCI manager’s toolkit (Bangla) 101 

19.  IMCI basic health worker’s chart booklet (Bangla) 25 

20.  IMCI basic health worker’s training module (Bangla) 147 

21.  IMCI chapter of CHCP training module (Bangla) 34 

22.  IMCI job aids (English) 3 

23.  IMCI job aids (Bangla) 3 

24.  IMCI drugs, equipment and logistics list  3 
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Supplementary table 7.6: List of major changes in the updated IMCI chart booklet 2019 in 
Bangladesh 

0-2 months of age 

1.  
Integration of PSBI 
Classification  

‘Possible Serious Bacterial Infection (PSBI)’ classification 
was merged with ‘Very Severe Disease Classification’ and 
a new 6 category classification given for ‘            
        ’   

2.  
Update of injectable 
antibiotics regimen 

• Omission of Injectable Ampicillin  

• Addition of Injectable Gentamicin in the treatment of 
‘V    S             -                 ’  ‘V    S      
Disease- Clinical Severe Illness’, and ‘Very Severe 
Disease-                         ’ 

• Reduction of Gentamycine 7 band doses in 3 ban 
doses based on the bodyweight of the children 

3.  
Update of oral antibiotics 
regimen 

• Omission of Tablet Cotrimoxazole  

• Addition of dispersible tablet of oral Amoxicillin 

• Increase of Amoxicillin 2 band doses in 3 ban doses 
based on the bodyweight of the children  

4. 
Update the classification of 
Feeding Problem or Low 
Weight for Age 

2 groups classification updated to 3 groups by addition of 
‘V        W             ’ category to the Classification 

5. 
 

Addition of dehydration 
management for sick young 
infant 

Addition of Plan A: Treat Diarrhoea at Home, Plan B: Treat 
Some Dehydration with Oral Rehydration Salt (ORS) and 
Plan C: Treat Severe Dehydration Quickly for young infant 
of 0-2 months 

6. Other changes 
• Addition of follow-up schedule for PSBI classification 

• Update of the list of symptoms that requires an 
immediate return to the healthcare facility 

2- 59 months of age 

1. 
Update of Pneumonia 
classification 

• ‘V    S                 S               ’ 
o Addition of the sign ‘O ygen saturation (SpO2) 

 90%’ 
o Dropping of  ‘chest indrawing’ 
o Addition of ‘convulsing now’ and ‘hypo ia’ in 

general danger sign 

• ‘         ’ 
o Addition of the sign ‘chest indrawing’ 

2. 
Update of Pneumonia 
management 

• The previous first line of treatment drug oral 
Cotrimoxazole has been replaced by Amoxicillin 

• Addition of bronchodilator and diazepam in the 
treatment of ‘V    S                 S      
         ’ 

3. 
Update the treatment of ‘Very 
Severe Febrile Disease and 
 alaria’  

• Omission of Injectable Quinine 

• Addition of Co-artemether therapy, Chloroquine and 
Primaquine in the Malaria treatment regime  

4. Other changes* 

• Updated immunisation schedule in coordination with 
the national EPI schedule  

• Update of deworming treatment by integration of 
tablet Albendazole along with tablet Mebendazole 
and initiation of deworming program from 6 months 
of age instead of 1 year of age 

* All updates are endorsed by the relevant Program of Directorate General of Health Services of 
Bangladesh 
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Supplementary table 7.7: Terms of Reference for the small technical working committee responsible 
to updating the national IMCI guidelines and implementation package 

Terms of reference 

1.  
To review the existing status of availability of pulse oximetry and oxygen delivery system 
in public hospitals and health facilities in Bangladesh.  

2.  
To review the existing IMCI Guideline, IMCI Training Manual and IMCI Case Recording Form 
of Bangladesh to identify areas for including instructions related to use of pulse oximetry 
in assessment, classification and management of pneumonia.  

3.  
To review the training manuals and instructions developed by WHO and other technical 
agencies on the use of pulse oximetry for assessment of SpO2  among children.  

4.  

To develop an implementation toolkit for introduction of pulse oximetry in IMCI services in 
Bangladesh. The implementation toolkit will include the followings:  

• Revised IMCI Guidelines to use of SpO2 status measured by pulse oximetry in 
pneumonia classification and management decisions  

• Revised IMCI Training Manual with instruction on the use of pulse oximetry and 
its maintenance.   

• Revised IMCI Case Recording and Reporting Forms to document and report SpO2  
status of children 

• Recommendations for integration of pulse oximetry in the national HMIS/DHIS2. 
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Chapter 8: ADEQUACY OF THE TRAINING PACKAGE 

DEVELOPED FOR INTRODUCING PULSE OXIMETRY IN ROUTINE IMCI 
SERVICES  

One of my general objectives was to assess the feasibility of introducing pulse 

oximetry in routine IMCI services. The specific research question 6 was to assess 

minimally trained health personnel’s performance of pulse oximetry in hospital 

settings.  

Table 8.1 General objectives and specific research questions 

Sl # Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1. What is the burden of hypoxaemia among children with pneumonia LMICs? 

2. What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including 
hypoxaemia in Bangladesh 

3. What is the context of childhood pneumonia-related deaths in Bangladesh? 

4. 
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5. 
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6. 
What is the adequacy of the training package developed for introducing pulse oximetry in 
routine IMCI services in Bangladesh?  

7. 
What is the feasibility of implementing the district model for introducing pulse oximetry 
in routine IMCI services in Bangladesh? 

The work presented in the chapter 8 was published in The Journal of Global Health 

in 2022.  

Title: Success and time implications of SpO2 measurement through pulse oximetry 

among hospitalised children in rural Bangladesh: Variability by various device-, 

provider- and patient-related factors 

Authors: Ahmed Ehsanur Rahman (myself), Shafiqul Ameen, Aniqa Tasnim Hossain, 

Sabrina Jabeen, Tamanna Majid, AFM Azim Uddin, Tania Sultana Tanwi, Goutom 

Banik, Md Ziaul Haque Shaikh, Md Jahurul Islam, Sabina Ashrafee, Husam 
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Muhammad Shah Alam, Ashfia Saberin, ANM Ehtesham Kabir, Sabbir Ahmed, 

Mahbuba Khan, Anisuddin Ahmed, Qazi Sadeq-ur Rahman, Mohammod Jobayer 

Chisti, Steve Cunningham, Muhammad Shariful Islam, David H Dockrell (co-

supervisor), Harish Nair (co-supervisor), Shams El Arifeen (co-supervisor), Harry 

Campbell (supervisor) 

URL: https://jogh.org/2022/jogh-12-04036  

8.1 ABSTRACT 

8.1.1 Background 

Hypoxaemia is one of the strongest predictors of mortality among children with 

pneumonia. It can be identified through pulse oximetry instantaneously, which is a 

non-invasive procedure but can be influenced by factors related to the specific 

measuring device, health provider and patient. Following WHO’s global 

recommendation in 2014, Bangladesh decided to introduce pulse oximetry in 

paediatric outpatient services, i.e., the Integrated Management of Childhood Illness 

(IMCI) services in 2019. A national committee updated the existing IMCI 

implementation package and decided to test it by assessing the pulse oximetry 

performance of different types of assessors in real-life inpatient settings. 

8.1.2 Methods  

We adopted an observational design and conducted a technology assessment 

among children admitted to a rural district hospital. Eleven nurses and seven 

paramedics received one-day training on pulse oximetry as assessors. Each assessor 

performed at least 30 pulse oximetry measurements on children with two types of 
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handheld devices. The primary outcome of interest was obtaining a successful 

measurement of SpO2, defined as observing a stable (±1%) reading for at least 10 

seconds. Performance time, i.e., time taken to obtain a successful measurement of 

SpO2 was considered the secondary outcome of interest. In addition, we used 

Generalized Estimating Equation to assess the effect of different factors on the pulse 

oximetry performance. 

8.1.3 Results  

The assessors obtained successful measurements SpO2 in all attempts (n=1478) 

except one. The median time taken was 30 seconds (IQR, 22 to 42), and within 60 

seconds, 92% of attempts were successful. The odds of obtaining a successful 

measurement within 60 seconds were 7.3 times (95% CI, 3.7 to 14.2) higher with a 

Masimo device than a Lifebox device. Similarly, assessors aged >25 years were 4.8 

times (95% CI, 1.2 to 18.6) more likely to obtain a successful measurement within 60 

seconds. The odds of obtaining a successful measurement were 2.6 times (95% CI, 

1.6 to 4.2) times higher among children aged 12-59 months compared to 2-11 

months. 

8.1.4 Conclusion  

Our study indicated that assessors could achieve the necessary skills to perform 

pulse oximetry successfully in real-life inpatient settings through a short training 

module, with some effect of device-, provider- and patient-related factors. The 

National IMCI Programme of Bangladesh can use these findings for finalizing the 
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national IMCI training modules and implementation package incorporating the 

recommendation of using pulse oximetry for childhood pneumonia assessment. 

8.2 BACKGROUND 

Each year, approximately 24,000 children under-5 years of age die due to pneumonia 

in Bangladesh, making it the major killer among this age group (1, 2). In addition to 

mortality, the morbidity-burden associated with childhood pneumonia is also 

remarkably high in Bangladesh as it causes around 4 million episodes of illness every 

year, of which around one million are severe episodes, and approximately half a 

million require hospitalisations (3, 4). Many other low- and middle-income countries 

(LMICs) suffer from a similarly high burden of childhood pneumonia, where the 

majority of the deaths can be prevented by appropriate management and immediate 

treatment (3). Hypoxaemia, defined as low (<90%) oxygen saturation (SpO2) in 

arterial blood, is common among children with pneumonia and is regarded as one of 

the strongest predictors of adverse clinical outcomes, including treatment failure 

and mortality (5-8). Early identification of hypoxaemia and prompt management 

with oxygen therapy can significantly avert deaths due to pneumonia (9, 10). Thus, 

strengthening the health system for early identification and management of 

hypoxaemia can play a crucial role in achieving the Sustainable Development Goals 

(SDG) target of reducing under-5 mortality to 25 per 1,000 live births or below by 

2030 and the Integrated Global Action Plan for Pneumonia and Diarrhoea (GAPPD) 

target of reducing pneumonia specific under-5 mortality rate to 3 per 1,000 live 

births or below by 2025 (11-13). 
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Pulse oximetry is an indirect, simple and non-invasive procedure to measure SpO2 

using a pulse oximetry device and identify hypoxaemia instantaneously (14). Initially, 

its use was limited to monitoring SpO2 during anaesthesia and almost exclusively in 

resource-intensive settings such as Intensive Care Units (ICUs) (15-18). However, the 

size and the cost of pulse oximetry devices have significantly decreased due to 

technological advancements in the last couple of decades (19, 20). Hence, pulse 

oximetry has become the standard of care in outpatient, emergency and inpatient 

settings, mainly in high-income countries. Due to the high burden of hypoxaemia 

among children with pneumonia and the potential impact of introducing pulse 

oximetry on child survival, the World Health Organization (WHO) has recommended 

introducing pulse oximetry in paediatric outpatient services, i.e., Integrated 

Management of Childhood Illness (IMCI) services since 2014 (4, 20-22). In 2019, the 

National IMCI Programme of the Government of Bangladesh decided to introduce 

pulse oximetry in routine IMCI services to identify hypoxaemia among children 

presenting with cough and difficulty breathing (23, 24). The National IMCI 

programme formed a high-level committee with IMCI experts to integrate the 

recommendation of using pulse oximetry in the National IMCI training modules and 

implementation package (24). The committee incorporated a short (one day) module 

on pulse oximetry into the existing IMCI training package (24). 

Various factors influence pulse oximetry performance, particularly related to 

obtaining successful measurements and the time required for that (25-30). These 

factors can be divided into three broad categories: device-related factors, patient-

related factors, and provider-related factors. Unfortunately, most of the evidence in 
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this regard is from resource-rich environments and high-income country settings and 

is predominantly based on qualitative explorations (31-36). There is a dearth of 

quantifiable evidence regarding the success and time implications for performing 

pulse oximetry and their variability by various factors in resource-limited settings, 

particularly in the context of Bangladesh. Hence, the National IMCI Programme of 

Bangladesh decided to test the newly developed training module in a paediatric 

inpatient setting and assess the pulse oximetry performance of different types of 

assessors by different types of devices before finalising the training modules and 

implementation package and feasibility assessment through demonstration in 

outpatient-based routine IMCI services (24). In this paper, we present key findings 

from the pre-implementation testing, which guided programme planning, and 

implementation in real-life settings. 

8.3 METHODS 

8.3.1 Study design 

We conducted a technology assessment adopting an observational design, where 

study recruited assessors received training based on the updated module on pulse 

oximetry and used handheld pulse oximetry devices to assess SpO2 status among 

children hospitalised in a rural district hospital in Bangladesh. 

The study was conducted in Kushtia district, which is situated approximately 200 

kilometres west of Dhaka city, the capital of Bangladesh. The Government of 

Bangladesh decided to conduct this study and subsequent feasibility assessment 

through field demonstration in this district as the under-5 mortality rate of Kushtia 
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was somewhat similar to the average under-5 mortality rate in Bangladesh (37). We 

conducted the assessments in the paediatric inpatient unit of Kushtia District 

Hospital, which is the highest-level referral facility (secondary level with 250 

inpatient beds) in the Kushtia district. The paediatric inpatient unit of Kushtia District 

Hospital provides inpatient services to approximately 3,000 under-5 children per 

year. The majority of the admissions are due to pneumonia, sepsis, prematurity 

related complications, and perinatal birth asphyxia. Pulse oximetry was not routinely 

used in Kushtia District Hospital at the time of this study. 

We included children aged 2-59 months who were admitted to the paediatric 

inpatient unit and whose parents consented to participate in the study. Exclusion 

criteria included unconsciousness, active bleeding and drowning at the time of 

assessment as they required urgent medical interventions, which were not directly 

dependent on SpO2 assessment. In government settings, routine IMCI services are 

primarily provided by trained nurses and paramedics. Hence, we recruited study 

nurses and paramedics (graduates from Medical Assistant Training School) who 

received a one-day long training based on the newly developed IMCI training module 

on pulse oximetry. The training included the basic pathophysiology of hypoxaemia, 

the function of a pulse oximetry device and its parts, steps of performing pulse 

oximetry and instructions for the maintenance of the device. 

The primary outcome of interest was obtaining a successful measurement of SpO2 

through pulse oximetry. Since we did not have any previous estimate from 

Bangladesh, we considered the maximum variance, i.e., a success rate of 50%. In 
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order to address the cluster effect (each assessor as a cluster), we adjusted the 

sample size with a design effect of 1.25. We also considered a non-response rate of 

10%. The final adjusted sample size was 534 eligible children. We employed 11 

nurses and seven paramedics as assessors. We wanted to enrol an equal number of 

participants per assessor. Hence, each assessor was responsible for performing at 

least 30 pulse oximetry assessments among hospitalised children. We adopted a 

time sampling approach as all children admitted to the inpatient department were 

approached and enrolled during the data collection period based on the inclusion 

and exclusion criteria. It took around 2-3 days per assessor to achieve the required 

target. On the day the required sample size (minimum of 30 children) was reached 

for each assessor, they continued enrolment and data collection until the end of their 

shifts. 

We collected data between 29 October 2020 to 03 April 2021. Data collection 

methods included data extraction from routine hospital records, structured 

observation of pulse oximetry by study nurses and paramedics, and structured 

survey of the study nurses and paramedics on the challenges of using pulse oximetry 

on hospitalised children. Information regarding the children’s basic demographic and 

clinical characteristics, such as age, sex, weight and diagnosis at admission, was 

extracted from hospital inpatient case recording forms using a structured form. The 

assessors performed pulse oximetry on each child immediately after admission using 

two types of handheld devices (i.e., Lifebox AH-M1, and Masimo Rad- 5V) with 

adequately fitted paediatric probes. The national committee selected the pulse 

oximetry devices based on technical specifications and in consultation with technical 
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experts (23). Additional technical details and specifications regarding pulse oximetry 

devices are summarised in Supplementary table 8.1. Independent observers 

assessed the pulse oximetry performance of study nurses and paramedics using a 

structured observation tool. A measurement was considered successful if the signal 

strength was shown adequate (four or more out of five) and a stable (±1%) SpO2 

reading was observed for at least 10 seconds. A measurement was considered 

unsuccessful if the signal strength was inadequate and they could not establish a 

stable SpO2 reading within three minutes. Performance time was calculated from 

placing the probe onto the fingertip to obtaining a successful measurement using a 

digital stopwatch. After completion of the structured observation, the assessors 

completed a self-administered survey tool on the challenges of performing pulse 

oximetry on hospitalised children. The self-administered survey tool consisted of 

five-scale Likert scale statements with the following options: very easy, easy, neither 

easy nor challenging, challenging and very challenging. A medical graduate with prior 

experience in using pulse oximetry devices received IMCI training and monitored the 

data collection process as an on-site clinical supervisor. These supervisors provided 

feedback to the data collectors to improve the data quality. No additional refresher 

training was organised for the assessors during the data collection process in order 

to follow the exact procedure that applies for the government appointed IMCI 

service providers. 

8.3.2 Analysis plan 

We used the statistical software package Stata version 14.0 for data analysis (38). 
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Descriptive statistics (frequencies and percentages) were used to present the basic 

demographic and clinical characteristics (age, sex, weight for age and diagnosis on 

admission) of the children and background characteristics (age, sex and designation) 

of the assessors. Weight for age was calculated from WHO’s z-score and categorised 

into not-underweight (weight for age score ≥-2 standard deviation), underweight 

(weight for age score is <-2 standard deviations), and severely underweight (weight 

for age score <-3 standard deviation)(39). 

Obtaining a successful measurement of SpO2 was considered as the primary outcome 

of interest. At first, we presented the success rates for different cut off time points: 

within 20 seconds, within 30 seconds, within 40 seconds, within 50 seconds, within 

60 seconds, within 90 seconds, within 120 seconds and within 180 seconds. 

Performance time, defined by the time taken to obtain a successful measurement of 

SpO2, was considered the secondary outcome of interest. We checked the normality 

of the distribution of timing by device-related factors (type of pulse oximetry device), 

provider-related factors (age, sex and designation of assessor) and patient-related 

factors (age, sex, weight for age of the children, on-admission 

diagnosis/classification) using the Shapiro–Wilk test (Supplementary table 8.2) (40). 

Since they were non-normally distributed, we presented the median estimates with 

an interquartile range through boxplots. We used the Wilcoxon Signed Rank test (for 

paired observations) to check the differences in performance time by type of pulse 

oximetry devices and the Ranksum test (for non-paired observations) to check the 

differences for other provider-related and patient-related factors. We also reported 
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the median time taken by each assessor using radar plots. We used the Kruskal Wallis 

test to assess whether they were any differences in the median time taken by each 

assessor. 

The National IMCI Programme, in consultation with IMCI experts, set an a-priori cut-

off of obtaining a successful measurement of SpO2 within 60 seconds as a feasible 

and acceptable performance time in a real-life setting. We used the Generalized 

Estimating Equation regression model to assess the effect of different device-

related, provider-related, and patient-related factors on successful measurement of 

SpO2 within 60 seconds. The unadjusted and adjusted odds ratios were presented 

with 95% confidence intervals (CI). The model adequacy was assessed using Wald 

Statistics. 

We used the prevalence-and bias-adjusted kappa (PABAK) statistics for reporting the 

agreement of identifying hypoxaemia (SpO2<90%) using Lifebox and Masimo 

devices, by various provider- and patient-related factors and by individual assessor 

(41). The agreement levels were presented with point estimates (percentage) with 

95% confidence intervals. 

We have reported the percentage of people reporting very easy, easy, neither easy 

nor challenging, challenging and very challenging for each statement using a bar 

graph. 

We reported all differences or associations as significant at p<0.05. 
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8.3.3 Ethical considerations 

Ethical approval for this study was obtained from the Institutional Review Board of 

icddr,b (PR-18054). We took informed and written consent from the primary 

caretaker/parents of the children and the assessors. We also obtained administrative 

approval from the Ministry of Health (IMCI Programme of Directorate General of 

Health Services) to conduct the study in Kushtia District Hospital. 

8.4 RESULTS 

A total of 739 children were enrolled in the study. Table 8.2 summarises the 

background characteristics of the children. Approximately 62% of the children were 

male, and around 52% were aged 2-11 months. Study nurses assessed around 61% 

of the children, and the remaining were assessed by the paramedics. Among the 

assessors, 14 (78%) were aged 25 years or below; seven (39%) were male, and 11 

(61%) were females; 11 (61%) were nurses, and seven (39%) were paramedics. 

Supplementary table 8.3 presents the number of pulse oximetry performed by each 

assessor. 

The assessors obtained a successful measurement of SpO2 in all attempts except one. 

Table 8.2: Background characteristics of the children hospitalised in Kushtia District Hospital and 
enrolled in the study; presented in %; N=739 

Characteristics Category n % 

Age 2-11 months 386 52 

12- 59 months 353 48 

Sex Male 457 62 

Female 282 38 

Weight for Age  Not underweight  539 75 

Underweight (below -2SD) 102 14 

Severely underweight (below -3sD) 81 11 

Missing  17  

Diagnosis  Severe pneumonia or pneumonia 407 55 

Others 332 45 
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Type of assessor Nurse  451 61 

Paramedic 288 39 

SD: Standard Deviation 

Figure 8.1 presents the median performance time by various device-, provider-and 

patient-related factors. The median time taken to obtain a successful measurement 

was 30 seconds (IQR 22, 42). The median time was significantly (Wilcoxon Signed 

Rank test for paired observations, p<0.0001) higher among children who were 

assessed with a Lifebox device (36 seconds) than those who were assessed with a 

Masimo device (27 seconds). Similarly, the assessors aged more than 25 years 

required significantly (p<0.0001) less time than assessors who were aged 25 years or 

less (median time 27 seconds vs 30 seconds). Moreover, the median time was more 

(p<0.0001) among children aged 2-11 months (32 seconds) than that of children aged 

12-59 months (29 seconds). We did not observe any significant difference (p=0.296) 

between assessments conducted by nurses (median 30 seconds, IQR, 23 to 42) and 

paramedics (median 30 seconds, IQR 22 to 43). 

Figure 8.1: Performance time to obtain a successful measurement of SpO2 by device-, assessor- and 
patient-related factors; presented in median time taken in seconds; N=1478 

 

 
 
             
             
 
 
 
 
             
             
 
 
             
             
 
 
             
             
 
 
 
 
             
             
 
 
             
             
 
 
             
             
             
 
 
 
             
             
 
 
             

                        

                     
                   

       
      

                       
          

     
         

   
                 

                  

   
    

      

                     
   

           
            

   
    

      

                          
               

                        
                               

           
     

                             

       

                 



 

Chapter 8: page 280 

IQR: Interquartile Range 

SD: Standard Deviation  

 

Figure 8.2 illustrates the median performance time by each assessor and proportion 

of successfully conducting pulse oximetry assessments within 60 seconds. The 

median performance time was less than 60 seconds for all assessors. The median 

time taken by the nurses was 30 seconds which varied between 40 seconds (highest) 

and 25 seconds (lowest) among individual nurses (chi-squared = 105.7, df=10 df, 

p<0.0001). Similarly, the median time taken by paramedics was 30 seconds which 

varied between 43 seconds (highest) and 24 seconds (lowest) among individual 

paramedics (chi-squared = 105.6, df= 10, p<0.0001). 

The overall proportion of the successful assessments of pulse oximetry within 60 

seconds is 92% for both nurse and paramedics. However, there exists variation on 

this proportion within the group of different assessors. Among the nurses and 

paramedics, the heterogeneity statistics I-squared are 85% and 80% and tau-squared 

are 46.01 and 33.5 respectively. 
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Figure 8.2: Performance time to obtain a successful measurement of SpO2 and proportion of pulse 
oximetry assessments successfully conducting within 60 seconds by individual assessors, presented 
in median time taken in seconds and in % respectively 

 

 

Figure 8.3 presents the rates of obtaining a successful measurement at various cut-

off time points by pulse oximetry device type, assessor type and age of the children. 

The assessors obtained a successful measurement within 30 seconds among 54% of 

children. It was 92% within 60 seconds and 99% within 120 seconds. The assessors 
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obtained a successful measurement within 60 seconds among almost all children 

using a Masimo device, which was around 87% among children assessed with a 

Lifebox device. The assessors could successfully measure SpO2 within 60 seconds 

among more than 90% of children for both younger (2-11 months) and older (12-59 

months) age groups. 

Figure 8.3: Rates of obtaining a successful measurement of SpO2 by different cut-off time points, 
and by pulse oximetry device type, assessor type and age of the children, presented in %; N=1478 

 

Figure 8.4 presents the effect of various device-, provider-, and patient-related 

factors on performance time to obtain a successful measurement of SpO2 within 60 

seconds after controlling for covariates and confounders. The odds to obtaining a 

successful measurement of SpO2 within 60 seconds were 7.3 (95% CI 3.7, 14.2, 

p<0.0001) times higher when the assessments were conducted with a Masimo 

device than that of a Lifebox device. Similarly, assessors aged >25 years were 4.8 

(95% CI, 1.2 to 18.6, p=0.03) times more likely to obtain a successful measurement 

of SpO2 within 60 seconds. Regarding patient-related factors, the odds to obtaining 

a successful measurement of SpO2 within 60 seconds were 2.6 (95% CI, 1.6 to 4.2, 
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p<0.001) times higher among children aged 12-59 months than among children aged 

2-11 months. The Wald Statistics 49.14 (p<0.0001) obtained from the model 

demonstrated that the model was adequately fitted. Additional details are available 

in Supplementary table 8.4. 

Figure 8.4: Associations between obtaining a successful measurement of SpO2 within 60 seconds 
and various device-, assessor- and patient-related factors; presented in adjusted odds ratio using a 
Generalised Estimating Equation (GEE) regression model; N=1474 

 

 
AOR: Adjusted Odds Ratio 
CI: 95% Confidence Interval 
SD: Standard Deviation  
Ref: Reference  

 

Figure 8.5 presents the agreement of identifying hypoxaemia using Lifebox and 

Masimo devices, by provider- and patient-related factors and by individual assessor. 

We observed almost perfect level of agreement by various factors. The agreement 

levels were between moderate to almost perfect among assessors. 
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Figure 8.5: Agreement of identifying hypoxaemia using Lifebox and Masimo devices by provider- 
and patient-related factors; presented through prevalence-adjusted and bias-adjusted kappa 
(PABAK) in % with 95% confidence interval  

 
CI: 95% Confidence Interval 
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CI: 95% Confidence Interval 

  

Figure 8.6 presents the result of the self-administered survey on the challenges of 

performing pulse oximetry on hospitalised children. All the assessors reported that 

they found it either very challenging or challenging to keep the baby was calm during 

performing pulse oximetry. Almost half of the assessors also reported that they 

found it very challenging to place the probe properly. 
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Figure 8.6: Feedback on challenges of performing pulse oximetry on children by assessors; presented 
as % of assessors reporting very easy, easy, neither easy or challenging, challenging and very 
challenging for each statement; N=18 

 

 

 

8.5 DISCUSSION 

The Government of Bangladesh decided to introduce pulse oximetry in routine IMCI 

services based on the WHO recommendation in 2014 and in-country consultation 

with IMCI experts and stakeholders (23). Hence, the IMCI Programme of the 

Government of Bangladesh warranted this study to test the newly developed 

training module and measure the influence of various device-related, provider-

related, and patient-related factors on pulse oximetry performance. Our study 

showed that the assessors could successfully use handheld pulse oximetry devices 

with relatively short training. The results of this study address some of the key 

evidence gaps related to the feasibility of adopting a short training and choice of 

pulse oximetry devices in the Bangladesh context. 
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We found that the minimally trained assessors obtained a successful measurement 

of SpO2 among more than 90% of the hospitalised children within 60 seconds. This is 

similar to findings reported by another study conducted in primary care clinics of 

rural Pakistan, which also employed study recruited personnel for pulse oximetry 

(42). The results indicate that the study nurses and paramedics without previous 

experience of using a pulse oximetry device achieved necessary skills based on the 

short training module developed by the national committee. It is important 

considering the context of Bangladesh, where most of the IMCI service providers are 

nurses and paramedics and do not have any prior exposure to performing pulse 

oximetry in outpatient or emergency settings. The short training package is also 

programmatically more implementable and scalable in a resource-constrained high 

pneumonia-burden setting like Bangladesh (1, 3, 23). Since more than 90% of the 

assessments were completed within 60 seconds, recommending pulse oximetry 

while assessing the respiratory rate for one minute will add minimum additional 

workload on the IMCI services providers even in high-volume facilities. 

We compared the performance time taken by Masimo and Lifebox devices to obtain 

a successful measurement of SpO2. This information is crucial for the uptake of pulse 

oximetry in high-volume facilities. We found that the performance time was 

significantly shorter with a Masimo device. This finding is consistent with another 

study conducted by King et al., who found that Masimo and Lifebox device’s 

performance time was equivalent within ±  seconds of one another (43). Some 

studies also reported that the performance of Masimo devices was better than 

several other commercially available handheld pulse oximetry devices (28, 30). 
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Masimo uses advanced Signal Extraction Technology (SET), which allows it to obtain 

a stable SpO2 reading faster even in challenging conditions such as patient 

movement and low perfusion (28, 30). The technical superiority of a Masimo device 

over most other handheld devices may be an important consideration for the 

Government of Bangladesh to select it for national scale-up, particularly in high-

volume referral hospitals like district hospitals and sub-district hospitals. However, 

Masimo devices are almost twice as expensive as Lifebox devices (44). Although the 

median performance time was more (9 seconds) with a Lifebox device, around 87% 

of the assessments were completed within one minute. In Bangladesh, the majority 

of the IMCI services are provided through the Union Health and Family Welfare 

Centres, which are primary care centres with a catchment population of around 

25,000. Most of the Union Health and Family Welfare Centres are low-volume 

facilities and primarily deal with less severe cases. Considering the relative 

advantage of a Lifebox device over a Masimo device in price and the high rate of 

obtaining a successful measurement of SpO2 reading within 60 seconds, introducing 

Lifebox devices in Union Health and Family Welfare Centres and low volume sub-

district hospitals can be a cost-effective investment for the Government of 

Bangladesh. 

Nurses and paramedics provide the majority of the IMCI services in Bangladesh. Our 

study recruited nurses and paramedics as assessors to perform pulse oximetry. We 

did not observe any notable difference in their success rate or performance time. 

Therefore, the feasibility of conducting pulse oximetry by nurses and paramedics as 

routine IMCI service providers looks promising. Our study also suggested that older 
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assessors were more likely to obtain a successful measurement of SpO2 within 60 

seconds. This may be explained by the maturity and experience of the assessors, 

which are expected to gain with age. Younger and relatively inexperienced providers 

may require additional attention during initial training and post-training monitoring 

for standardising and ensuring quality. During training and monitoring, special 

attention should be given to ensure that the assessors are aware of the factors that 

might affect SpO2 readings, including anaemia, peripheral vasoconstriction, dark skin 

tone and skin discolouration of children (45). 

Regarding patient-related factors, we found that obtaining a successful 

measurement of SpO2 among younger children takes significantly more time. The 

results are similar to a large multi-site study (29). The healthcare workers 

interviewed in Bangladesh and Malawi also reported difficulties conducting pulse 

oximetry among smaller and younger children (35). Pulse oximetry readings are 

significantly affected by patient movement and appropriateness of the probe size 

(28, 30). Hence, it is recommended to stabilise the child before and during the 

assessment. During pulse oximetry assessments, younger children requiring 

admission in the district hospital are expected to be more severe and less likely to 

be calm and stable. This can be one of the explanations for requiring additional time 

to obtain a successful measurement of SpO2 among younger children in our study. 

The other explanation is the design and appropriateness of the probe size. Although 

we used paediatric probes for both the devices, there could be issues with 

appropriate fit as around one-fifth of the children in rural Bangladesh are 

underweight, and one-third were stunted (46). Hence, ensuring the availability of 



 

Chapter 8: page 290 

appropriate probe size is an important consideration for introducing pulse oximetry 

in routine IMCI services in Bangladesh and other LMICs with high burden of 

malnutrition. 

Our study has several strengths and weaknesses. We included a reasonably large 

sample size ensuring 30-60 assessments per assessor, which allowed us to assess the 

pulse oximetry performance of each assessor separately. It was conducted in a 

district hospital. The results may not be nationally or regionally representative. 

However, Bangladesh is essentially a homogeneous country. There are minimal 

variations in the background characteristics and clinical profile of children admitted 

in secondary level public hospitals. We also acknowledge that we conducted the 

study among hospitalised children, who may not represent the children receiving 

IMCI services in busy outpatient settings. However, the number of irascible children 

among these hospitalised children are supposed to be higher than the children in 

outpatient (47). Therefore, obtaining a successful measurement of SpO2 among 

relatively more severe hospitalised children is expected to be more difficult than 

children receiving IMCI services. Hence, the results of this study are still relevant for 

programme planning to introduce pulse oximetry in routine IMCI services. 

Furthermore, this study was conducted in a relatively controlled environment with 

study nurses and paramedics recruited and trained as part of a research study. 

Although we adopted the pulse oximetry training module developed by the national 

committee, our staff may have shown better performance than government 

employed health service providers in routine IMCI services due to the higher level of 

motivation and enthusiasm (23, 48). Regarding data collection, we extracted 
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information regarding the children’s background characteristics and clinical 

information from routine hospital records. Therefore, the provision for presenting 

disaggregated estimates and adjusting for various comorbid conditions, such as 

specific diagnosis and spectrum of pathologies, while exploring the factors affecting 

the performance of pulse oximetry use was somewhat limited. Moreover, there can 

be issues with the validity of this information since documentation of paediatric 

inpatient care has always been a challenge in LMICs like Bangladesh (49). Regarding 

analysis, performance time was non-normally distributed in our analysis 

(Supplementary figure 8.1). Hence, we had to conduct non-parametric tests, which 

are less efficient and robust than parametric tests. However, we tried to choose the 

most relevant and appropriate tests (eg. Signed Rank test, Ranksum test, Kruskal 

Wallis test) based on the distribution of data and specific questions. Lastly, each 

assessor had two (Masimo and Lifebox) measurements of SpO2 on each child. 

Therefore, to account for the effect of intra-assessor correlation, we performed 

Generalised Estimating Equation regression to measure the effect of different 

patient-related, provider-related, and device-related factors on the time taken to 

obtain a stable SpO2 reading. 

8.6 CONCLUSION 

Our study indicated that minimally trained assessors could obtain a successful 

measurement of SpO2 with handheld devices within 60 seconds in hospital inpatient 

settings with some effect of various device-, provider- and patient-related factors. 

The National IMCI Programme can use these findings for finalising the IMCI training 

modules and implementation package related to pulse oximetry. The feasibility and 
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implementation challenges of introducing pulse oximetry in routine IMCI service 

needs to be further evaluated in real-life settings. 
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8.7 SUPPLEMENTARY MATERIALS 

8.7.1 Supplementary tables  

Supplementary table 8.1: Lifebox vs Masimo model, technical specification and price comparison. 
 

Lifebox A-care AH-M1 Masimo Rad-5v® 

Price  USD 200 USD 500 

General specifications   

For adults, children and neonates Yes Yes 

For all skin pigmentations No data found No data found 

Weight range for each patient 
category 

No data found No data found 

SpO2 detection to include the range: 
70–100% 

Yes, 0-100% Yes, 1-100% 

SpO2 resolution: 1% or less. 1% 1% 

SpO2 accuracy within ±3% for all 
patients and perfusion/movement 

conditions. 

70%-100%: ± 2%; 0%-
69%: not defined 

2% with no motion low perfusion 
adults/paediatrics. 3% with 
motion and low perfusion 
neonates 

Pulse rate range: 30–240 bpm. 25-250 bpm 25-240 bpm 

Pulse rate resolution: 1 bpm or less 1 bpm 1 bpm 

Pulse rate accuracy within ±3 bpm. ±2 bpm 3 bpm with no motion and in low 
perfusion, 5 bpm with motion 

Audio specifications 
  

Audible and visual alarms for 
low/high saturation and pulse rate, 

threshold set by user 

Yes Yes 

Audible and visual alarms for sensor 
error or disconnected, system 

errors, low battery 

Yes Yes 

Probe specifications  
  

Capable of working with, and 
supplied with, adult, paediatric and 

neonatal reusable probes 

Yes Yes 

Battery specifications 
  

Operated by replaceable battery 
power supply, either rechargeable or 

single use 

Li-ion rechargeable 
battery or, 3 AA 
batteries 

4XAA Alkaline batteries 

Display specifications 
  

%SpO2 Yes Yes 

Pulse rate Yes Yes 

Plethysmographic waveform Yes Yes 

Alarm messages Yes Yes 

Battery state indication Yes Yes 

Others No Perfusion Index, Signal IQ (SIQ) 
bar   

Other specifications 
  

Internal data storage for patient 
trends and event log 

Yes; 1-99 ID and 300 
records for each ID 

The Rad-5 can store 72 hours of 
SpO2 and Pulse Rate and 
Perfusion Index trend data, 
captured at 2 second intervals. 
This trend data can then be 
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Lifebox A-care AH-M1 Masimo Rad-5v® 

transferred to a PC for 
evaluation. Trend data is stored 
in non-volatile memory, so it is 
not erased when the device is 
shut off or when the batteries 
are replaced 

FDA/CE Approved Yes Yes 
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Supplementary table 8.2: Performance time to obtain a successful SpO2 measurement by device-, 
provider- and patient-related factors, presented in median in seconds with interquartile range 

 Min Q1 Median Q3 Max 
Test of Choice 
for equality of 

distribution 

P-
value  

Device-related factor        

Pulse oximetry type        

Lifebox 10 25 36 50 182 Wilcoxon 
signrank test 

0.001 
Masimo 5 20 27 35 140 

Provider-related factor        

Designation        

Nurse  5 23 30 42 182 Wilcoxon 
ranksum test 

0.297 
Paramedic 8 22 30 43 140 

Age        

25 and below 5 23 30 45 182 Wilcoxon 
ranksum test 

0.001 
Above 25 years  10 20 27 35 120 

Sex        

Male 8 20.5 30 42.5 140 Wilcoxon 
ranksum test 

0.155 
Female  5 23 30 42 182 

Patient-related factor        

Age        

2-11 months 5 24 32 47 182 Wilcoxon 
ranksum test 

0.001 
12-59 months 5 20 29 40 181 

Sex        

Male 5 22 30 42 182 Wilcoxon 
ranksum test 

0.508 
Female 6 23 30 42 130 

Weight for age        

Not underweight 5 22 30 42 181 

Kruskal-Wallis 0.376 
Underweight (below -2SD) 5 22 30 42 182 

Severely underweight 
(below -3SD) 

8 24 31 47 120 

Diagnosis        

Pneumonia or severe 
pneumonia 

5 21 30 42 126 Wilcoxon 
ranksum test 

0.0441 

Other 5 23 30 44 182 
All 5 22 30 42 182   

Q1: Quartile 1  
Q2: Quartile 3 
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Supplementary table 8.3: Number of assessments by assessor type. 

Type of assessor Number of assessments 

Nurse 1 64 

Nurse 2 76 

Nurse 3 78 

Nurse 4 82 

Nurse 5 74 

Nurse 6 76 

Nurse 7 86 

Nurse 8 96 

Nurse 9 80 

Nurse 10 96 

Nurse 11 94 

Paramedic 1 104 

Paramedic 2 92 

Paramedic 3 76 

Paramedic 4 38 

Paramedic 5 94 

Paramedic 6 88 

Paramedic 7 84 
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Supplementary table 8.4: Generalised estimating equation (GEE) regression to assess the 
association between time taken to obtain a successful measurement of SpO2 within 60 seconds and 
different characteristics of participants; presented in adjusted odds ratio and 95% confidence 
interval; N=1474 

 % 
Crude 
Odds 
Ratio 

95% 
CI 

Lower 
limit 

95% 
CI 

Upper 
limit 

P 
value 

Adjusted 
Odds 
Ratio 

95% 
CI 

Lower 
limit 

95% 
CI 

Upper 
limit 

P 
value 

Device-related 
factor 

         

Pulse oximetry 
type 

         

Lifebox 87 Ref    Ref    

Masimo 98 6.97 3.41 14.25 0.00 7.29 3.74 14.20 0.00 

Provider-related 
factor 

         

Designation          

Nurse 92 Ref    Ref    

Paramedic  92 0.98 0.31 3.07 0.98 1.19 0.41 3.44 0.75 

Age          

25 years and below 91 Ref    Ref    

 Above 25 98 5.86 0.63 54.46 0.12 4.75 1.21 18.58 0.03 

Sex          

Male 92 Ref    Ref    

Female  92 1.06 0.34 3.32 0.91 0.85 0.30 2.45 0.76 

Patient-related 
factor 

         

Age          

2-11 months 89 Ref    Ref    

12- 59 months 96 2.07 1.32 3.24 0.00 2.64 1.64 4.24 0.00 

Sex          

Male 92 Ref    Ref    

Female 92 0.92 0.63 1.36 0.69 0.87 0.58 1.32 0.52 

Weight for age of 
child 

         

Not Under-Weight  93 Ref    Ref    

Underweight 
(below -2SD) 

92 1.06 0.60 1.86 0.84 1.09 0.60 1.98 0.78 

Severely 
underweight 
(below -3SD) 

89 0.87 0.49 1.57 0.65 0.87 0.48 1.57 0.64 

Classification          

Other 92 Ref    Ref    

Pneumonia or 
severe pneumonia 

93 1.13 0.76 1.67 0.55 1.33 0.87 2.04 0.19 

OR: Odds Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval 
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8.7.2 Supplementary figures 

Supplementary figure  8.1: Histograms of time-reading for obtaining a successful measurement of 
SpO2 by groups to assess normality. 
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Chapter 9: FEASIBILITY OF INTRODUCING PULSE OXIMETRY 

IN ROUTINE IMCI SERVICES IN OUTPATIENT SETTINGS IN RURAL 

BANGLADESH 

One of my general objectives was to assess the feasibility of introducing pulse 

oximetry in routine IMCI services. The specific research question 7 was to assess IMCI 

service provider’s performance of pulse oximetry in routine outpatient settings in 

rural Bangladesh. 

Table 9.1: General objectives and specific research questions 

Sl # Objectives and Research Questions 

A Estimating the burden of hypoxaemia among children with pneumonia 

1. What is the burden of hypoxaemia among children with pneumonia LMICs? 

2. What is the burden of hypoxaemia among children with pneumonia in Bangladesh? 

B 
Understanding the context of managing children with pneumonia, including 
hypoxaemia in Bangladesh 

3. What is the context of childhood pneumonia-related deaths in Bangladesh? 

4. 
What is the status of facility readiness regarding the availability of pulse oximetry for 
managing childhood pneumonia in Bangladesh?  

C Assessing the feasibility of introducing pulse oximetry in routine IMCI services  

5. 
What is the process of integrating pulse oximetry in the national IMCI implementation 
package?  

6. 
What is the adequacy of the training package developed for introducing pulse oximetry in 
routine IMCI services in Bangladesh?  

7. 
What is the feasibility of implementing the district model for introducing pulse oximetry 
in routine IMCI services in Bangladesh? 

The work presented in the chapter 9 has been accepted in the Lancet e-Clinical 

Medicine in 2022.  

Title: Introducing pulse oximetry for outpatient management of childhood 

pneumonia: An implementation research adopting a district implementation 

model in selected rural facilities in Bangladesh 

Authors: Ahmed Ehsanur Rahman (myself), Shafiqul Ameen, Aniqa Tasnim Hossain, 

Sabrina Jabeen, Tamanna Majid, AFM Azim Uddin, Tania Sultana Tanwi, Goutom 

Banik, Md Ziaul Haque Shaikh, Md Jahurul Islam, Sabina Ashrafee, Husam 
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Chisti, Steve Cunningham, Muhammad Shariful Islam, David H Dockrell (co-

supervisor), Harish Nair (co-supervisor), Shams El Arifeen (co-supervisor), Harry 

Campbell (supervisor) 

9.1 ABSTRACT   

9.1.1 Background 

Pulse oximetry has enormous potential for identifying hypoxaemic pneumonia and 

reducing under-5 deaths in low- and middle-income country (LMIC) settings. 

However, there are few examples of introducing pulse oximetry in resource-

constrained paediatric outpatient settings, i.e., Integrated Management of 

Childhood Illness (IMCI) services. 

9.1.2 Methods 

The National IMCI programme of Bangladesh designed and developed a district 

implementation model for introducing pulse oximetry in routine IMCI services 

through stakeholder engagement and demonstrated the model in Kushtia district 

adopting a health system strengthening approach. Between December 2020 and 

June 2021, two rounds of assessment were conducted based on WHO’s 

implementation research framework and outcome variables, involving 22 IMCI 

service providers and 1680 children presenting with cough/difficulty-in-breathing in 

12 health facilities. The data collection procedures included structured observations, 

re-assessments, interviews, and data extraction by trained study  
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9.1.3 Results 

We observed that IMCI service providers conducted pulse oximetry assessments on 

all eligible children in routine outpatient settings, of which 99% of assessments were 

successful; 85% (95% CI, 83 to 87) in one attempt,  and 69% (95% CI, 67 to 71) within 

one minute. The adherence to standard operating procedure related to pulse 

oximetry was 92% (95% CI, 91 to 93), and agreement regarding identifying 

hypoxaemia was 97% (95% CI, 96 to 98). The median performance time was 36 

seconds (IQR, 20 to 75), which was longer among younger children (2-11 months: 44 

seconds, IQR, 22 to 78; 12-59 months: 30 seconds, IQR, 18 to 53, p<0.01) and among 

those classified as pneumonia/severe pneumonia than as no pneumonia (41 

seconds, IQR, 22 to 70; 32 seconds, IQR, 20 to 62, p<0.01). We observed 

improvements in almost all indicators during the round-2 of assessments. The IMCI 

service providers and caregivers showed positive attitudes towards using this novel 

technology for assessing their children. 

9.1.4 Conclusion 

This implementation research study demonstrated the adoption, feasibility, fidelity, 

appropriateness, acceptability, and sustainability of pulse oximetry introduction in 

routine IMCI services in resource-poor settings. The learning may inform the 

evidence-based scale-up of pulse oximetry linked with an oxygen delivery system in 

Bangladesh and other LMICs.   
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9.2 BACKGROUND 

Pneumonia is the leading cause of childhood mortality, accounting for approximately 

16% of under-5 deaths globally (1). The majority of these deaths occur in low- and 

middle-income countries (LMICs) and most are preventable (1-3). It takes more lives 

than any other causes in post-neonatal periods, especially in low-resource settings 

(4). In Bangladesh, it causes approximately one million episodes of severe-illness and 

24,000 under-5 deaths every year (5, 6). Around 30% children with pneumonia suffer 

from hypoxaemia, defined by low oxygen saturation in arterial blood (SpO2), and is a 

strong predictor of hospitalisations and deaths (7, 8). Pulse oximetry is an accurate 

and non-invasive procedure to measure SpO2 at point of care (9). It can significantly 

improve childhood pneumonia classification through hypoxaemia identification and 

substantially reduce deaths in low- and middle-income country (LMIC) settings (9). 

In 2014, the World Health Organization (WHO) updated its outpatient-based child-

curative care guidelines, i.e., Integrated Management of Childhood Illness (IMCI) and 

recommended introducing pulse oximetry for pneumonia assessment (10). Several 

health system challenges are associated with integrating a new technology/device 

like pulse oximetry in LMIC settings (11). Although there is some published 

experience of introducing pulse oximetry in low-resource settings, most predates the 

2014-WHO recommendations (12-14).  

Successful introduction of a generic recommendation, technology or device in 

routine services demands context-specific adaptations, demonstration and 

feasibility assessments (15-17). In 2019, the National IMCI Programme of the 

Government of Bangladesh (GoB) decided to introduce pulse oximetry in routine 



 

Chapter 9: page 308 

IMCI services (18). A national technical committee was formed, which updated the 

National IMCI Implementation Package by incorporating recommendations to 

conduct pulse oximetry assessments on all children presenting with cough/difficulty-

in-breathing for pneumonia assessments (18, 19). The National IMCI Programme also 

decided to demonstrate the updated package in a district setting to inform evidence-

based scale-up. Here, we present the experience and learning synthesised during the 

demonstration phase.    

9.3 METHODS  

9.3.1 Study design  

An implementation research study was conducted, where the National IMCI 

Programme designed, developed, and demonstrated a district implementation 

model to introduce pulse oximetry in routine IMCI services. icddr,b, an international 

health research organisation based in Bangladesh, provided implementation 

facilitation support and assessments. 

This study was conducted in Kushtia district (zila), approximately 200 kilometres 

from Dhaka, which was selected as the demonstration site as its under-5 mortality 

rate was close to the national average and the IMCI services were functioning 

relatively well (17). The IMCI Programme, in consultation with the district manager 

(Civil Surgeon) and sub-district managers (Upazila Health and Family Planning 

Officers), selected one district hospital (secondary referral), all five sub-district 

hospitals (primary referral) and six union-based facilities (health centres) as 
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demonstration facilities (additional details in supplementary table 9.1 & 

supplementary figure 9.1).  

The IMCI programme designed and developed a district implementation model 

through stakeholder engagement and adopted a health systems approach to 

strengthening the overall IMCI services, including the introduction of pulse oximetry 

in demonstration facilities (additional details in supplementary figure 9.2). It had four 

components, which are as follows: 

i) Sensitisation of district- and sub-district managers and IMCI service 

providers through workshops and involve them in planning and 

implementation  

ii) Capacity development of IMCI service providers, supervisors, data 

officers and district- and sub-district managers 

iii) Health system strengthening to improve IMCI service readiness and 

distribution of pulse oximetry devices through the routine distribution 

channel 

iv) Follow-up support to IMCI service providers through routine monitoring, 

supportive supervision and performance appraisal workshops 

The demonstration study started in October-2019, was suspended in March-2020 

due to COVID-19, resumed in October-2020, and ended in October-2021.   

i. SENSITISATION AND PLANNING  

The National IMCI Programme organised a district-level workshop with the district- 

and sub-district managers of Kushtia to sensitise them regarding the importance of 



 

Chapter 9: page 310 

introducing pulse oximetry in routine IMCI services and develop a high-level plan for 

implementing the updated IMCI implementation package in the selected health 

facilities. Following that, a workshop was organised in each sub-district with the 

respective sub-district health managers, IMCI service providers and their clinical 

supervisors for further sensitisation and developing facility-specific micro-plans. 

Then, a workshop was also organised in each of the selected health facilities with 

IMCI services providers and their supervisors to introduce pulse oximetry officially. 

These workshops were organised between October and December 2019. 

Unfortunately, the implementation was suspended in March 2020 due to the COVID-

19 pandemic. The IMCI programme decided to resume the activities in September 

2020. Between October and November 2020, another round of district- and sub-

district-level workshops were organised to update the high-level as well as the 

facility-specific micro plans.  

ii. CAPACITY BUILDING  

Between December 2019 and February 2020, the IMCI Programme organised a series 

of training for IMCI service providers from across the country based on the updated 

IMCI implementation package as a part of their routine programme activities. The 

National IMCI master trainers facilitated the sessions, and all IMCI service providers 

from the selected health facilities of Kushtia received the training. The updated IMCI 

training manual had a module on pneumonia assessment and pulse oximetry 

adapted from the pulse oximetry training manual of WHO. The module had 

information and instructions on the pathophysiology of hypoxaemia; function, types 
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and parts of a pulse oximetry device; steps of conducting pulse oximetry 

assessments; and maintenance of the device. Half a day was dedicated to pulse 

oximetry which included both theoretical ad practical sessions. In addition, an 

orientation session was organised in Kushtia for the district- and sub-district 

managers, IMCI clinical supervisors, and data officers to discuss the basics of pulse 

oximetry and inclusion of SpO2 status and hypoxaemia reporting in the IMCI service 

register and monthly reporting form  

iii. DISTRIBUTION OF PULSE OXIMETERS  

icddr,b surveyed the selected health facilities in December 2019 and identified the 

gaps in the availability of equipment, drugs, and logistics required for managing 

pneumonia based on the updated IMCI guidelines. The IMCI programme addressed 

these gaps through the existing procurement and distribution channel. In addition, 

icddr,b supported the IMCI programme to procure and distribute Masimo Rad-5v 

handheld pulse oximeters to the selected health facilities. The specific model was 

chosen by the national technical committee (mentioned earlier) based on the 

superiority in technical specifications and expert consultations. The distribution of 

pulse oximeters and other logistics were done between January and February 2020. 

In addition, batteries of the pulse oximetry devices were replaced through the 

existing procurement and distribution channel throughout the implementation 

period. In general, batteries were replaced after 15-25 days in the district hospitals, 

30-40 days in sub-district hospitals and 60-70 days in health centres.  
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iv. MONITORING, SUPERVISION AND PERFORMANCE REVIEW 

WORKSHOPS 

National, district and sub-district managers were responsible for monitoring and 

supervising the pulse oximetry related implementation in Kushtia. Representatives 

from the IMCI programme conducted several field visits during the implementation 

period. They also conducted online meetings with the district- and sub-district 

managers to review the progress and discuss implementation quality and challenges. 

In addition, the district and sub-district managers conducted at least one supervisory 

visit to each selected facility during the implementation period. The observations 

from these supervisory visits were discussed in the routine monthly meetings. 

Moreover, a review workshop was organised in March 2021 with all IMCI service 

providers in the presence of national-, district- and sub-district managers and clinical 

supervisors to discuss the achievements and gaps identified through the first round 

of assessments. A similar review workshop was also organised in October 2021 after 

completing the second round of assessments. 

We adapted WHO’s implementation research framework and implementation 

outcome variables for this study (20). The National IMCI Programme of Bangladesh 

and icddr,b jointly conducted a series of workshops with district- and sub-district 

managers to finalise the research questions based on WHO’s framework and set a 

benchmark for successful demonstration for each outcome variable (additional 

details in supplementary table 9.2) (18). The primary research questions are outlined 

in table 9.2.  
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Table 9.2: Research questions and benchmarks for successful demonstration; adapted from WHO’s 
implementation outcome variables and finalised through stakeholder consultations 

WHOs’ 
framework 

Research 
questions 

Proposed indicator 
Benchmark 
for success 

a) Adoption 

Use: Do IMCI 
service providers 
conduct pulse 
oximetry 
assessments?  

Proportion of children 
presenting with cough/difficulty-
in-breathing assessed by IMCI 
service providers with a pulse 
oximetry device 

>90% 

b) Feasibility 

Success: Can IMCI 
service providers 
successfully 
conduct pulse 
oximetry 
assessments? 

Proportion of children 
presenting with cough/difficulty-
in-breathing assessed by IMCI 
service providers with a pulse 
oximetry device and obtain a 
stable SpO2 reading 

>80% 

Usability by 
attempt: Can IMCI 
service providers 
successfully 
conduct pulse 
oximetry 
assessments in 
the first attempt? 

Proportion of children 
presenting with cough/difficulty-
in-breathing assessed by IMCI 
service providers with a pulse 
oximetry device and obtain a 
stable SpO2 reading in one 
attempt  

>75% 

Usability by time: 
Can IMCI service 
providers 
successfully 
perform pulse 
oximetry in one 
minute? 

Proportion of children 
presenting with cough/difficulty-
in-breathing assessed by IMCI 
service providers with a pulse 
oximetry device and obtain a 
stable SpO2 reading in one 
minute  

>66% 

c) Fidelity 

Adherence: Do 
IMCI service 
providers follow 
Standard 
Operating 
Procedure (SoP) 
while conducting 
pulse oximetry 
assessments? 

Proportion of children 
presenting with cough/difficulty-
in-breathing assessed by IMCI 
service provider with a pulse 
oximetry device by putting the 
probe in appropriate position 
and direction and taking 
measures to keep the child calm 
during the procedure 

>75% 

Agreement: Can 
IMCI service 
providers identify 
hypoxaemia 
through pulse 
oximetry? 

Level of observed agreement 
between IMCI service providers 
and study nurses regarding 
hypoxaemia identification 
through pulse oximetry  

>90% 

d) Appropriateness 

Experience: Do 
IMCI service- 
providers conduct 
pulse oximetry 
assessments with 
reasonably low 
barriers and 
challenges? 

Proportion of IMCI service 
providers reporting an average 
challenge level of <80% or less 
regarding conducting pulse 
oximetry assessments in routine 
outpatient settings  

>80% 
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WHOs’ 
framework 

Research 
questions 

Proposed indicator 
Benchmark 
for success 

e) Acceptability 

Usefulness: Do 
IMCI service 
providers perceive 
pulse oximetry as 
useful? 

Proportion of IMCI service 
providers reporting that pulse 
oximetry is useful for identifying 
hypoxaemia and pneumonia 
classification 

>80% 

Importance: Do 
the caregivers 
perceive pulse 
oximetry as 
important? 

Proportion of caregiver of 
children presenting with 
cough/difficulty-in-breathing 
assessed by IMCI service 
providers with a pulse oximetry 
device reporting that pulse 
oximetry was important for 
assessing their children 

>80% 

Satisfaction: Are 
the caregivers 
satisfied with 
pulse oximetry 
introduction in 
routine IMCI 
services? 

Proportion of children 
presenting with cough/difficulty-
in-breathing assessed by IMCI 
service providers with a pulse 
oximetry device reporting that 
they will allow conducting pulse 
oximetry assessments on their 
children in future visits.  

>80% 

f) Sustainability 

Sustainability: 
Does the pulse 
oximetry 
performance of 
IMCI service 
providers sustain 
over time 
(rounds)?   

Proportions of the above-
mentioned indicators 
representing adoption, 
feasibility, fidelity, 
appropriateness and acceptance 
of pulse oximetry demonstrating 
equal or better performance 
round-2 than that of round-1 

>80% 

 

Children aged 2-59 months presenting with cough/difficulty-in-breathing and 

receiving IMCI services at selected health facilities and government employed IMCI 

service providers (doctors, nurses, and paramedics) providing those services were 

the study population.  

We calculated the sample size for each of the primary research questions based on 

the benchmark set for successful demonstration (Table 9.2). The maximum variance 

(67%) was expected for the usability-time indicator. The adjusted sample size was 

639 children presenting with cough/difficulty-in-breathing per round. There were 22 
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IMCI service providers in the selected facilities. We aimed to assess the pulse 

oximetry performance of all IMCI service providers by observing and re-assessing at 

least 30 children presenting with cough/difficulty-in-breathing per provider, per 

round. We approached all children presenting with cough/difficulty-in-breathing on 

the day of assessment, and it required 3-7 days per provider per round to achieve 

the required sample size. On the day the required sample size (30 children) was 

reached for each IMCI service provider, we continued enrolment and data collection 

until the end of business hours.  

We conducted two rounds of assessment: round-1 in December 2020-February 

2021; round-2 in March-May 2021. The data collection procedures included 

structured observation of IMCI service providers conducting pulse oximetry 

assessments during routine consultations by study nurses, re-assessment (history 

taking, clinical assessment and pulse oximetry) of children (after IMCI consultation) 

by study nurses, exit-interviews of the caregivers by study paramedics, data 

extraction from IMCI-registers by data collectors, and structured-interviews with 

IMCI service providers by study paramedics (Supplementary table 9.3). We assessed 

the pulse oximetry performance of the same IMCI service providers in both rounds. 

All forms/questionnaires were pretested separately on at least five participants. The 

construct/framing of some of the questions and skip logics were updated based on 

the pre-tests. Data collection was conducted by means of a specially designed 

android-app, which had the provision to capture each pulse oximetry step with time 

stamping (21). The data collection team received extensive training and refresher 

training on IMCI guidelines, pulse oximetry principles and process, data collection 
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forms/questionnaires and the data-collection app. All tools were developed based 

on the extensive literature review and the structured interview and exit interview 

tool for the IMCI service providers on barriers and operational challenges were 

developed based on qualitative exploration. All tools were field-tested and pre-

tested before finalisation.  

i. Enrolment  

A non-medical study staff approached all children in the waiting room/area of 

selected health facilities and enrolled children aged 2-59 presenting with 

cough/difficulty-in-breathing before receiving consultation from the IMCI service 

providers.  

ii. Structured observation 

Trained study nurses conducted structured observations of IMCI service providers 

conducting pulse oximetry assessments on children presenting with cough/ 

difficulty-in-breathing. The observers collected information on the following 

outcomes: use, success, usability by attempts, usability by time and performance 

time. The observers received ten days of training before data collection (five days on 

IMCI, one day on pulse oximetry, two days on using the data collection app based on 

the structured observation tool, and two days of field practice). Three days of 

refresher training was organised before the second round of data collection.  

iii. Re-assessment 

A separate group of trained study nurses conducted re-assessments of the enrolled 

children in a separate room after the structured observation. The assessors collected 
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data on the history of illness, conducted clinical assessments based on the IMCI 

guideline, and conducted pulse oximetry assessments using a device of the same 

model. The assessors received ten days of training before data collection (five days 

on IMCI, one day on pulse oximetry, two days on the re-assessment tool, and two 

days for field practice). Three days of refresher training was organised before the 

second round of data collection. 

iv. Exit-interview  

A separate group of trained paramedics conducted exit-interviews of the caregivers 

of the enrolled children after re-assessment. The interviewers used an interviewer-

administered structured-questionnaire (translated in Bangla) to collect data on the 

acceptability and perceived importance of pulse oximetry. The interviewers received 

five days of training before data collection (one day on pulse oximetry, two days on 

the exit-interview questionnaire and two days of field practice). One day of refresher 

training was organised before the second round of data collection. 

v. Data extraction  

Trained data collectors extracted data from the IMCI services register of those 

children who were enrolled in this study. The data collectors took snapshots of the 

IMCI registers after service hours on the day of assessment (additional details in 

supplementary figure 9.3a). We obtained administrative approval from national 

IMCI programme of Directorate General of Health Services of Bangladesh for 

conducting this study including the approval for taking snapshots of register. We also 

received approval from district-level health manager at Kushtia district. 

Furthermore, we have conducted facility level sensitisation, preparatory and 
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planning meeting in presence of the IMCI service providers, respective supervisors 

and facility managers. A dedicated team of data operators used a desktop-based 

application that was specially developed for this study and entered all available 

information, including SpO2 and hypoxaemia status reported in the IMCI registers. 

The data operators received two days of training on IMCI registers and the desktop-

based application. A data entry supervisor checked the data extraction process and 

conducted re-extraction and re-entry of 5% observations. There were very few cases 

where we identified minor issues, which we rectified by checking the source 

documents (snapshots). 

vi. Structured interviews  

The interviewers who conducted the exit-interviews of the caregivers also conducted 

structured interviews with IMCI services providers at the end of round two. The 

interviewers used a structured questionnaire with a five-point Likert scale and 

collected data on the perceived utility of introducing pulse oximetry in routine IMCI 

services and barriers and challenges faced while conducting pulse oximetry in 

routine practice.  

vii. Monitoring and supervision  

A medical graduate directly supervised the data collection team. During the data 

collection period, the supervisor conducted regular monitoring visits meetings and 

organised weekly meetings with the data collection team to discuss data quality 

issues and specific gaps. 
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9.3.2 Analysis plan  

The following indicators were selected as primary outcomes of interest: adoption-

use, feasibility-success, feasibility-usability by attempt, feasibility-usability by time, 

fidelity-SoP adherence, fidelity-agreement, appropriateness-experience, 

acceptability-usefulness, acceptability-importance, and acceptability-satisfaction 

(Table 9.2). 

Adoption was operationally defined as conducting pulse oximetry assessments on 

children presenting with cough/difficulty in breathing. A pulse oximetry assessment 

was considered successful if a stable (±1%) SpO2 reading was observed for at least 10 

seconds with adequate signal strength. Performance time was defined by the time 

taken (in seconds) from placing the probe to obtaining a stable reading. Adherence 

to standard operating procedures (SoP-adherence) was defined as putting the probe 

in the appropriate position and direction and taking measures to keep the baby calm 

before conducting pulse oximetry assessments. The agreement was reported on 

identifying hypoxaemia through pulse oximetry by IMCI service providers and re-

assessment study nurses. We used a SpO2 cut-off of <94% to operationally define 

hypoxaemia (22). Regarding experience, the IMCI service providers reported barriers 

and challenges on a five-point Likert scale for 12 device-, patient-, environment-, and 

user-related factors.  

Relationships between patient- (age, sex, weight-for-height, clinical features, and 

pneumonia status), provider- (age, sex, and designation), facility-related (types) 

factors and assessment rounds, and primary outcomes of interest (Table 9.2) were 
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considered as the secondary outcomes of interest (Supplementary material 9.2). We 

also reported median performance time and infection prevention and control (IPC) 

practice, defined as cleaning the probe or attachment site of the child before 

conducting pulse oximetry assessments, as secondary outcomes of interest.   

For categorical variables as outcomes of interest, we presented point estimates with 

95% confidence intervals (CI). We used prevalence-adjusted and bias-adjusted kappa 

(PABAK) to report the agreement between IMCI service providers and re-assessment 

study nurses (23). We used Generalised Estimating Equation (GEE) models and 

reported crude and adjusted odds ratios (with 95% CI and p-value) to assess the 

adjusted effect of various factors and assessment rounds on these indicators. Wald 

statistics were used for checking the adequacy of the models. We used radar-plots 

to present the variations by each IMCI service provider and reported the 

heterogeneity with I2 and Tau2 statistics. The statistical significance of the estimates 

have been reported at 5% level of significance.  

For performance time, we checked the normality distribution using Shapiro-Wilk test 

(Supplementary figure 9.4). As they were non-normally distributed, we presented 

medians with interquartile ranges (IQRs) and used Mood’s non-parametric equality 

of medians test to check for significant differences in various factors and assessment 

rounds. Barrier and challenge experiences were presented as means with standard 

deviations (SDs).  

We used Stata version 15.0 for data analysis. More details regarding the analysis plan 

are available in the supplementary material (Supplementary table 9.2).  



 

Chapter 9: page 321 

9.3.3 Ethical considerations 

Ethical approval of the study was obtained from the Institutional Review Board of 

icddr,b (Protocol Number: PR-18054). Research Governance of The University of 

Edinburgh declared the study does not need any UK based ethical opinion as it was 

categorised as minimal risk. 

9.4 RESULTS 

We assessed the pulse oximetry performance of five doctors, five nurses and twelve 

paramedics as IMCI service providers in both rounds (additional details in 

supplementary table 9.4). During the two rounds of assessment, 3563 children 

received IMCI services from the selected facilities, of which 3195 (90%) were aged 2-

59 months, 1765 (49%) had cough/difficulty-in-breathing, and 1680 (47%) were 

enrolled for assessments (Figure 9.1). Around one percent (0.9%) enrolled children 

were not re-assessed, and 1.4% caregivers could not be interviewed. 
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Figure 9.1: Sample size by each round of assessments 

 

Of the enrolled children, 729 (43%) were aged 2-11 months, 164 (10%) were 

wasted/severely-wasted, and 220 (13%) were classified as pneumonia/severe 

pneumonia (Supplementary table 9.5, 9.6, and 9.7).     

During our assessment, the IMCI service providers conducted pulse oximetry 

assessments (adoption-use) on all children presenting with cough/difficulty-in-

breathing, of which 99% of assessments were successful (feasibility-success); 85% 

(95% CI, 83 to 87) in one attempt (feasibility-usability by attempt) and 69% (95% CI, 

67 to 71) within one minute (feasibility-usability by time) (Figure 9.2). The adherence 
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to SoPs was 92% (95% CI, 91 to 93) (fidelity-SoP-adherence), and the agreement was 

97% (95% CI, 96 to 98) (fidelity-agreement). All IMCI service providers reported that 

pulse oximetry was useful for identifying hypoxaemia and pneumonia classification 

(acceptability-usefulness). Almost all (98%) caregivers felt that it was an important 

diagnostic for assessing their children (acceptability-importance) and all of them 

would allow conducting it on their children during future visits (acceptability-

satisfaction). The indicators representing adoption, feasibility, fidelity, 

appropriateness, and acceptance demonstrated equal or better performance in 

round-2 (sustainability).  

Figure 9.2: Performance of conducting pulse oximetry assessments by IMCI service providers among 
children presenting with cough/difficulty-in-breathing in paediatric outpatient settings; presented 
in % with 95% confidence interval; N=1680 

 
CI: 95% Confidence Interval 

 

Table 9.3 summarises the effect of various factors and assessment rounds on 

feasibility- and fidelity-related indicators. The highlighted cells indicate the 

statistically significant odds ratio. The odds of successfully conducting pulse oximetry 
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assessments in one attempt was significantly higher among older (aged 12-59 

months) (AOR 2.19, 95% CI, 1.65 to 2.92)  and male (AOR 1.54, 95% CI, 1.16 to 2.04) 

children (Wald statistics 44.71, p<0.01). They were also more likely to successfully 

conduct pulse oximetry assessments within one minute on older children (AOR 2.05, 

95% CI, 1.65 to2.55) (Wald statistics 59.98, p<0.01). Older, female, and sub-district 

hospital- and health centre-based providers were less likely to adhere to pulse 

oximetry SoPs (Wald statistics 100.14, p<0.01). Substantial improvement was 

observed in round-2 regarding most of these indicators. More details about the 

models are available in supplementary table 9.8, 9.9, 9.10, and 9.11.  

Table 9.3: Influence of patient-, provider- and facility-related factors on the performance of 
conducting pulse oximetry assessments by IMCI service providers; presented in adjusted odds ratios; 
N=1680 

 

Feasibility-
usability: 
Success at 

first attempt 

Feasibility-
performance 
time: Success 

within 60 
seconds 

Fidelity-
adherence: 

Adherence to 
SoP of PO use 

Fidelity-
agreement: 
Observed 

agreement 

 AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) 

Patient-related factors     

Age     

2-11 months Ref Ref Ref Ref 

12-59 months 
2.2 

(1.65,2.93) 
2.05  

(1.65,2.55) 
1.06  

(0.69,1.61) 
1.19  

(0.67,2.11) 

Sex         

Female Ref Ref Ref Ref 

Male 
1.54 

(1.16,2.04) 
1.21  

(0.98,1.5) 
0.69  

(0.46,1.05) 
1.07  

(0.6,1.89) 

Z-score (weight for height)         

Not wasted (-2SD and above) Ref Ref Ref Ref 

Wasted (below -2SD) 
0.82 

(0.47,1.43) 
0.79  

(0.51,1.24) 
0.75  

(0.29,1.94) 
1.46  

(0.36,5.95) 

Severely wasted (below -3SD) 
0.8 

(0.41,1.55) 
0.89  

(0.52,1.53) 
1.59  

(0.33,7.72) 
0.75  

(0.21,2.59) 

Fever         

No Ref Ref Ref Ref 

Yes 
0.99 

(0.52,1.91) 
0.79  

(0.49,1.27) 
0.5  

(0.18,1.36) 
0.92  

(0.3,2.84) 

Fast breathing         

No Ref Ref Ref Ref 
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Feasibility-
usability: 
Success at 

first attempt 

Feasibility-
performance 
time: Success 

within 60 
seconds 

Fidelity-
adherence: 

Adherence to 
SoP of PO use 

Fidelity-
agreement: 
Observed 

agreement 

 AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) 

Yes 
1.03 

(0.3,3.56) 
1.08  

(0.4,2.91) 
0.6  

(0.07,5.43) 
1  

(0.16,6.15) 

Chest indrawing         

No Ref Ref Ref Ref 

Yes 
0.68 

(0.28,1.65) 
0.9  

(0.44,1.84) 
0.81  

(0.19,3.55) 
1.35  

(0.33,5.53) 

IMCI classification         

No pneumonia Ref Ref Ref Ref 

Pneumonia/Severe pneumonia 
1.06 

(0.3,3.78) 
0.88  

(0.32,2.42) 
1.32  

(0.14,12.1) 
0.38  

(0.06,2.4) 

Provider-related factors      

Age     

≤          Ref Ref  Ref Ref 

> 35 years 
1.08 

(0.72,1.62) 
1.17 (0.9,1.53) 0.29 (0.15,0.53) 

1.1 (0.27,4.44) 

Sex         

Female Ref Ref  Ref Ref 

Male 
0.88 

(0.54,1.44) 
1.05 (0.78,1.43) 2.98 (1.34,6.63) 

0.72 (0.1,5.31) 

Designation         

Doctors Ref Ref  Ref Ref 

Nurse 
0.6 

(0.34,1.05) 
1.03 (0.73,1.45) 0.42 (0.16,1.1) 

0.49 
(0.06,4.17) 

Paramedics  
0.82 

(0.46,1.45) 
0.77 (0.55,1.08) 1.88 (0.55,6.43) 

0.3 (0.04,2.12) 

Facility-related factors  
 

  

District Hospital  Ref Ref  Ref Ref 

Sub-District Hospital  
0.91 

(0.49,1.72) 
1.06 (0.72,1.55) 0.03 (0,0.25) 

1.33 
(0.15,11.38) 

Health Centre  
0.76 

(0.36,1.62) 
0.81 (0.51,1.29) 0 (0,0.05) 

4.97 
(0.36,68.53) 

Assessments  
 

  

Round  
 

  

Round 1  Ref Ref  Ref Ref 

Round 2 
0.98 

(0.74,1.3) 
1.3 (1.05,1.62) 

28.62 
(11.03,74.29) 

1.76 
(0.96,3.23) 

AOR: Adjusted Odds Ratio 

95% CI: Confidence Interval  

Regarding performance by individual IMCI service providers, we observed minimum 

variability in successfully conducting pulse oximetry assessment in one attempt 
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(I2=55%; Tau2=0.02), within one minute (I2=36%; Tau2=0.01), SoP-adherence (I2=91%; 

Tau2=0.12) and agreement (I2=76%, Tau2=0.04) (Figure 9.3). 

Figure 9.3: Variability in performance of conducting pulse oximetry assessments by individual IMCI 
service providers; presented in % 

 

The median performance time was 36 seconds (IQR 20,75) (Figure 9.4). The 

performance time was significantly (p<0.01) longer among younger children (aged 2-

11 months; 44 seconds, IQR, 22 to 78) than older children (30 seconds, IQR, 18 to 

53). Similarly, it took significantly (p<0.01) more time among children classified as 

pneumonia/severe pneumonia (41 seconds, IQR 22 to 70) than those who were 

classified as no pneumonia (32 seconds, IQR 20 to 62). There was wide variability 

among IMCI service providers regarding the timing (Pearson chi2= 38.0240; p<0.01).  
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Figure 9.4: Performance time for conducting pulse oximetry assessment by patient-, provider-, and 
facility-related factors and by individual IMCI service providers; presented in median seconds with 
inter quartile range 

 
IQR: Interquartile Range 

 

Figure 9.5 presents the barriers and challenges (appropriateness-experience) 

reported by the IMCI service providers while conducting pulse oximetry assessments 

based on a five-point Likert scale. Regarding patient-related factors, the highest 

(mean 4.1, 95% CI, 3.6 to 4.5) challenge was faced in making the child calm before 

conducting pulse oximetry assessments, which was closely followed by cleaning the 

area of attachment before placing the probe (mean 4.0, 95% CI, 3.6 to 4.4). 

Regarding environment-related factors, providers reported a high level of challenge 

in allocating adequate time for pulse oximetry during the period of peak service use 
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(mean 4.3, 95% CI, 3.9 to 4.8) and performing pulse oximetry alone (mean 4.0, 95% 

CI, 3.4 to 4.6).  

Figure 9.5: Device-, patient-, environment- and user-related barriers and challenges faced by the 
IMCI service providers during pulse oximetry assessments; presented in mean score with SD based 
on a five-point Likert Scale; N=22 

SD: Standard Deviation 

 

The IMCI service providers maintained optimum IPC practice during 72% (95% CI, 70 

to 74) of assessments (Supplementary table 9.12). This was significantly better 

among paramedics (AOR 2.6, 95% CI, 1.8 to 3.8) and nurses (AOR 1.8, 95% CI, 1.2 to 

2.7) compared to doctors providing IMCI services, and in sub-district hospitals (AOR 

20.3, 95% CI, 13.1 to 31.6) and health centres (AOR 7.0, 95% CI, 4.1, 11.7) compared 

to the district hospital. It was also substantially improved in round-2 (AOR 4.8, 95% 

CI 3.7, 6.3).  

Figure 9.6 presents the agreement between IMCI service providers and study 

appointed nurses using prevalence-adjusted and bias-adjusted kappa (PABAK). The 

overall PABAK was 0.94; a very high level of agreement. We did not observe 
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significant variation by patient-, provider-, and facility-related factors and by 

individual IMCI service providers.   
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Figure 9.6: Agreement between IMCI service providers and study appointed nurses using 
prevalence-adjusted and bias-adjusted kappa (PABAK) by patient-related, provider-related and 
facility-related factors and by individual IMCI service providers; presented as coefficient with 95% 
confidence interval  

 
CI: Confidence Interval 
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 CI: 95% confidence interval 
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9.5 DISCUSSION 

Pulse oximetry has enormous potential for maximising the impact of IMCI in LMIC 

settings with high burdens of childhood pneumonia and hypoxaemia (8, 13). This is 

one of the novel studies which adopted a health system strengthening approach and 

district model of implementation. To the best of our knowledge, this is the first study 

to report most of the WHO implementation outcome variables which include 

adoption, feasibility, fidelity, appropriateness, acceptability and sustainability. We 

observed that IMCI service providers almost universally conducted pulse oximetry 

assessments on almost all eligible children, and can successfully measure SpO2 with 

minimum attempts, within a relatively short time and without major challenges. 

Their assessments were accurate, and performance was sustained or generally 

improved between two rounds. Also, caregivers were very positive towards 

introducing this technology for assessing their children.  

Understanding the adoption and feasibility of introducing a new technology/device 

into routine systems is crucial to inform policy and programme (20). We observed 

high-level of use, success, and usability in conducting pulse oximetry assessment by 

IMCI service providers. Although there are some differences in the context, case-mix 

and assessor characteristics, our findings are comparable to studies conducted in 

Ethiopia, Malawi, UK, Bangladesh, and Pakistan (12, 13, 24, 25). These findings from 

diverse contexts reinforce the likelihood of adoption and feasibility of introducing 

pulse oximetry in resource-constrained outpatient settings. We have undertaken an 

inclusive approach of involving stakeholders, including IMCI service providers, in 

various stages of planning and implementation. We have also ensured their 
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continuous engagement through training, support supervision and performance 

appraisal workshops. This stakeholder engagement process may have contributed to 

the sense of ownership and acquisition of necessary skills, potentially explaining the 

encouraging findings related to adoption and feasibility (18). The first wave of the 

COVID-19 pandemic started a few months before the round-1 assessments. 

Although the pandemic created barriers in delivering many essential health services, 

it positively influenced the awareness of health care providers regarding hypoxaemia 

and attitude towards pulse oximetry and may have contributed as an unexpected 

enabler in this study (26, 27). 

Fidelity of implementation is integrally linked to achieving the intended benefit of an 

intervention (20). In our study, we observed a high-level of SoP-adherence by IMCI 

service providers, similar to a study in rural Ethiopia (24). A systematic review 

reported that communicating through multiple approaches can significantly improve 

SoP-adherence among healthcare providers (28). We also adopted multiple 

approaches, such as emphasising the importance of calming the child and correct 

probe placement, along with ensuring availability of job-aids/visual aids in IMCI 

consultation rooms, which may have promoted such practice. However, we 

observed some issues related to IPC practices. Although probe cleaning procedures 

were not associated with successfully conducting pulse oximetry assessments, they 

represent an indispensable element of infection control, particularly in the COVID-

19 context (29).  
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Regarding identifying hypoxaemia through pulse oximetry, we observed a high-level 

of agreement between IMCI service providers and study nurses. According to the 

WHO, fast breathing/chest-in-drawing as the only sign of pneumonia can be treated 

through outpatient management (10). However, around one in 10 such cases 

experience treatment failure, suggesting the presence of some 'severe cases' among 

apparently 'non-severe' cases of pneumonia (30). Hypoxaemia is one of the 

strongest predictors of adverse clinical outcomes, and its accurate identification can 

help reduce the misclassification of non-severe pneumonia (7, 31, 32). The high-level 

of agreement should give confidence to policymakers and families regarding the 

accuracy of SpO2 measurement by minimally trained providers and thus their ability 

to identify the severe cases, even in routine settings.  

We did not find any significant effect of provider- or facility-related factors on 

adoption and feasibility, suggesting that, with health systems inputs, such as training 

and post-training follow-up support through supervision and performance appraisal, 

different types of IMCI service providers can achieve necessary pulse oximetry skills 

in all kinds of facilities. Regarding patient-related factors, similar to a multi-country 

trial, we observed that success and usability were significantly poorer among 

younger children, with performance time decreasing with increasing age (25). The 

providers interviewed in our study and several other studies also reported facing 

difficulties in conducting pulse oximetry among younger and smaller children (11, 

33). Pulse oximetry readings are significantly affected by patient movement (motion 

artefacts) and the appropriateness of the probe size (34). Younger children are 

expected to be more restless during pulse oximetry. Although we used Masimo 
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paediatric probes of same size in this study, the size, design and material used for 

these probes may need specific adaptations, especially in settings with high burdens 

of both pneumonia and malnutrition, which is the case for Bangladesh (25). Around 

a third of the children are underweight or stunted in Bangladesh (35). For the 

undernourished children it requires further adaptation for the best fit of the probes. 

We also found that success in one attempt was higher among male children, despite 

there being no notable differences in the clinical presentation of the children by sex. 

Although this requires more exploration, some studies have reported the presence 

of implicit gender bias among healthcare professionals while rendering care in 

routine settings (36).   

With regard to fidelity, we observed that the male and younger IMCI service 

providers adhered to SoPs more than their counterparts. This may be because they 

have more access to new technology/devices in such contexts (37). Another reason 

could be that the average year of experience was higher among male providers. 

However, it requires further exploration and understanding. On facility-related 

factors, we observed that IMCI service providers at higher-level facilities are more 

likely to adhere to SoPs. Service providers in the district hospital usually receive more 

monitoring and supervision from the national and district health managers. These 

variations in programme inputs may explain this difference.  

Pulse oximetry performance was better in round-2 assessments across most 

indicators. This strengthens the notion of sustainability of pulse oximetry practice 

and highlights the importance of allowing an intervention to mature and reach 
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optimum adoption and efficiency. Post-training follow-up support provided through 

supportive supervision and performance appraisal workshops (after round-1 

assessments) possibly played a catalytic role in sustaining and improving the 

performance over time. The performance of a few providers was somewhat poorer 

than others, emphasising the importance of identifying weaker performers during 

the initial training and providing follow-up support through targeted monitoring and 

supervision. 

There are several barriers and challenges to performing pulse oximetry in real-life 

settings. In our study, IMCI service providers reported difficulties during peak hours 

of attendance at health facilities. In Bangladesh, most IMCI services are provided 

through union-level health centres (> # 3500) and sub-district hospitals (~# 482), 

which have a relatively lower patient load than district hospitals (# 62). Hence, the 

peak-hour related challenges are primarily a concern for district hospitals and some 

high-volume sub-district hospitals. The IMCI service providers also reported facing 

major difficulties in keeping the child calm during pulse oximetry, which is mainly a 

concern for high volume facilities. Pulse oximetry devices with advanced Signal 

Extraction Technology (SET) require a shorter performance time, even in challenging 

conditions such as patient movement and low perfusion (34, 38). Although relatively 

more expensive ($300-500), it will require less than USD 250,000 to procure SET 

pulse oximetry devices for all high-volume IMCI consultation rooms in Bangladesh. 

We believe that this is affordable for a country like Bangladesh, as the overall 

national IMCI programme under the Maternal, Neonatal, Child & Adolescent Health 

(MNC&AH) Operation Plan of Bangladesh has a total of around 50 million USD 
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allocated for its activities. We believe, it is worth the investment to avert preventable 

pneumonia deaths by 2025 (39). In addition to enhancing the capacity of IMCI service 

providers through training and distributing toys to divert the attention of the child, 

active involvement of the caregivers has been shown to be effective in reducing the 

movement of the child during the procedure (11).  

We conceptualised this study based on the WHO framework and implementation 

outcome variables (20). Although we contextualised the research questions by 

involving national- and local-level stakeholders, our reliance on WHO’s 

implementation outcome variables limited the opportunities of capturing 

unexpected drivers and unintended consequences of pulse oximetry introduction in 

these settings (18). Moreover, we acknowledge that the time interval between the 

two rounds of assessments were not sufficient to allow for firm conclusions to be 

made regarding the sustainability. Furthermore, the COVID-19 pandemic may have 

confounded some of our findings as it significantly impacted Bangladesh’s health 

systems awareness, attitude, readiness, response, and practices related to oxygen 

security. Similarly, the capacity, experience, and positionality of icddr,b as an 

implementation facilitation partner was a strong enabler and a potential confounder 

in this demonstration (17, 40).  

We acknowledge the fact that we did not randomly select Kushtia as our 

demonstration site. Therefore, the result may not be applicable for the whole 

country. In Bangladesh, there are geographical variations which have impact on 

access to health care as well as service availability and readiness regarding various 
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health services. Kushtia predominantly belongs to the plain land which is not 

representative of the hard-to-reach areas. Based on our findings of this study, pulse 

oximetry can be introduced in most parts of Bangladesh except the hard-to-reach 

areas. We also acknowledge that we have selected a district with reasonably well 

functioning IMCI services. The results would have been more generalisable if we 

could have included one low performing district which we could not include due to 

implementation cost challenges.  

We employed the same team in both rounds of assessment and used a specially 

designed and tested android-app for capturing multiple events with time-stamps 

through structured observations (21). These measures, we believe, reduced 

observation and measurement bias, increasing the validity and reliability of 

measurements, especially the performance time recording. While the presence of 

study nurses as independent observers may have introduced a surveillance bias, 

spending considerable time in building rapport with the IMCI service providers and 

observing each of them for 3-7 days are expected to minimise this bias (i.e., 

Hawthorne effect) (41). Finally, the hospitals had set-up temporary fever-clinics 

during the pandemic, which screened and redirected all symptomatic patients to 

dedicated COVID-19 services. It changed the overall case-mix of children receiving 

IMCI services, which may explain the relatively smaller number of hypoxaemia cases 

identified during the assessment period. Lastly, we acknowledge that the data 

collection tools used in this study for structured observation, re-assessment, exit-

interview and IMCI service provider interview were not validated. Since we were 

conducting a novel study based on the WHO recommended implementation 
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outcome variables, we did not find any validated tools. Therefore, we conducted 

extensive desk review to construct the data collection tools. We also conducted 

qualitative explorations for understanding the major issues related to acceptance, 

barriers and challenges, which helped us preparing the exit-interview and IMCI 

service provider interview tools. We conducted field-testing and pretesting of each 

tool before finalisation. We believe that these measures have contributed in 

improving the content and construct validity of tools that were used in this study. 

9.6 CONCLUSION 

This implementation research study demonstrated the feasibility of introducing and 

integrating pulse oximetry in routine IMCI services in Bangladesh, adopting a district 

implementation model and using a health system strengthening approach. We are 

confident in our conclusion as we saw evidence of the programme maturing and 

improving over time and almost no influence of patient-, provider- and facilities-

related factors on SpO2 measurement, except that it was poorer among younger 

children, and a few providers performed the procedure less effectively. Introducing 

SET pulse oximetry devices in high-volume facilities can help overcome the 

challenges associated with motion artefacts, particularly among younger children. 

Special emphasis can be given to identifying providers who would benefit from 

targeted monitoring and follow-up support. Routine programmes will need to 

emphasise adherence to SoPs and IPC practices in training and routine monitoring. 

The policymakers can capitalise on these encouraging findings and ratify the 

integration of pulse oximetry with respiratory rate assessment in routine outpatient 

settings. Moreover, we also highlight the importance of connecting pulse oximetry 
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to a functioning oxygen delivery system and ensuring timely, adequate and 

appropriate oxygenation. We recommend future studies to assess the feasibility of 

pulse oximetry at community settings of Bangladesh. We also recommend further 

study on post-implementation follow-up to assess the sustainability and research 

looking at feasibility, effectiveness and impact over wider interval. The experience 

gained through this demonstration and the learning synthesised in this 

implementation research can help inform evidence-based decisions relating to the 

introduction and scale-up of pulse oximetry in Bangladesh and other LMICs, as these 

countries aim to avert all preventable deaths due to childhood pneumonia mortality 

by 2025.  
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9.7 SUPPLEMENTARY MATERIALS 

9.7.1 Supplementary tables 

Supplementary table 9.1: Type, staffing pattern, service availability and IMCI service utilisation of 
health facilities selected for introducing pulse oximetry and implementing the district model 

Name Typ
e of 
Hea
lth 
Faci
lity 

Ind
oor 
ser
vice 

Separ
ate 
paedi
atric 
indoo
r 

Emerg
ency 
servic
e 

Out
door 
servi
ce 

IMC
I 
ser
vice 

Sepa
rate 
IMCI 
corn
er 

IMCI utilisation 

All children 
aged 2-59 
months 

Severe 
Pneumonia 

Pneumonia 

20
19 

20
20 

20
21 

20
19 

20
20 

20
21 

20
19 

20
20 

20
21 

Kushtia 
DH 

DH Yes, 
250-
bedd
ed 

Availabl
e 

Availabl
e 

Availa
ble 

Avail
able 

Availa
ble 20,

294 
12,
299 

13,
656 

3,2
18 

697 52 
3,8
88 

744 408 

Kumark
hali 
UHC 

UHC Yes, 
50-
bedd
ed 

Not 
Availabl
e 

Availabl
e 

Availa
ble 

Avail
able 

Availa
ble 18,

495 
6,6
36 

8,8
91 

367 227 267 655 309 307 

Bheram
ara UHC 

UHC Yes, 
50-
bedd
ed 

Not 
Availabl
e 

Availabl
e 

Availa
ble 

Avail
able 

Availa
ble 5,0

66 
3,1
50 

5,3
55 

32 2 8 877 379 443 

Mirpur 
UHC 

UHC Yes, 
50-
bedd
ed 

Not 
Availabl
e 

Availabl
e 

Availa
ble 

Avail
able 

Availa
ble 9,0

72 
4,3
86 

4,6
10 

16 4 0 16 1 11 

Khoksa 
UHC 

UHC Yes, 
50-
bedd
ed 

Not 
Availabl
e 

Availabl
e 

Availa
ble 

Avail
able 

Availa
ble 10,

820 
6,5
78 

4,8
15 

128 31 1 
3,0
39 

610 42 

Daulatp
ur UHC 

UHC Yes, 
50-
bedd
ed 

Not 
Availabl
e 

Availabl
e 

Availa
ble 

Avail
able 

Availa
ble 6,3

49 
4,2
62 

3,4
65 

505 313 171 672 654 293 

Shelaid
aha 
USC 

USC Not 
Avail
able 

Not 
Applica
ble 

Not 
Availabl
e 

Availa
ble 

Avail
able 

Not 
Availa
ble 

1,1
29 

1,9
13 

750 0 0 36 151 218 77 

Saota 
USC 

USC Not 
Avail
able 

Not 
Applica
ble 

Not 
Availabl
e 

Availa
ble 

Avail
able 

Not 
Availa
ble 

1,2
74 

932 798 0 0 57 30 92 148 

Bahadu
rpur 
USC 

USC Not 
Avail
able 

Not 
Applica
ble 

Not 
Availabl
e 

Availa
ble 

Avail
able 

Not 
Availa
ble 

1,4
69 

1,0
09 

1,1
03 

24 178 17 623 193 63 

Dharam
pur USC 

USC Not 
Avail
able 

Not 
Applica
ble 

Not 
Availabl
e 

Availa
ble 

Avail
able 

Not 
Availa
ble 

2,7
84 

877 955 0 0 0 
1,0
94 

311 0 

Amla 
USC 

USC Not 
Avail
able 

Not 
Applica
ble 

Not 
Availabl
e 

Availa
ble 

Avail
able 

Not 
Availa
ble 

490 888 618 0 0 0 0 40 214 

Khalish
akundi 
USC 

USC Not 
Avail
able 

Not 
Applica
ble 

Not 
Availabl
e 

Availa
ble 

Avail
able 

Not 
Availa
ble 

444 299 747 12 0 0 407 247 3 

DH: District Hospital 
USC: Union Sub-Centre 
UHC: Upazila Health complex 
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Supplementary table 9.2: Primary and secondary research questions and analysis plan 

WHO’s  
Implementation 

Outcome Variable 

Research questions for 
performing pulse oximetry 

in routine outpatient 
settings 

Statistical test 
Rationale and 

details 

Primary Research Questions 

a) Adoption 

I. Use: Do IMCI service 
providers conduct 
pulse oximetry 
assessments?  

Percentage 
Rates presented 
using percentage. 

b) Feasibility 

II. Success: Can IMCI 
service- providers 
successfully conduct 
pulse oximetry 
assessments? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

III. Usability by attempt: 
Can IMCI service 
providers successfully 
conduct pulse oximetry 
assessments at the first 
attempt? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

IV. Usability by time: Can 
IMCI service providers 
successfully conduct 
pulse oximetry 
assessments within one 
minute? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

c) Fidelity 

V. Adherence: Do IMCI 
serviceproviders follow 
Standard Operating 
Procedure (SoP) while 
conducting pulse 
oximetry assessments? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

VI. Agreement: Can IMCI 
service providers 
identify hypoxaemia 
through pulse 
oximetry? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

d) Appropriateness 

VII. Experience: Do IMCI 
service providers 
conduct pulse oximetry 
assessments with 
reasonably low barriers 
and challenges? 

Mean score from 
5-point Likert 
scale with 95% 
confidence 
interval  

Mean score with 
confidence interval 
reported to present 
the barriers and 
challenges of 
performing pulse 
oximetry to present 
the central 
tendency and 
dispersion of the 
Likert statement 
scores.  

e) Acceptability 
VIII. Usefulness: Do IMCI 

service providers 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
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WHO’s  
Implementation 

Outcome Variable 

Research questions for 
performing pulse oximetry 

in routine outpatient 
settings 

Statistical test 
Rationale and 

details 

perceive pulse 
oximetry as useful? 

and confidence 
interval.  

IX. Importance: Do the 
caregivers perceive 
pulse oximetry as 
important? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

X. Satisfaction: Are the 
caregivers satisfied 
with pulse oximetry 
introduction in routine 
IMCI services? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

f) Sustainability 

XI. Sustainability: Does the 
pulse oximetry 
performance of IMCI 
service providers 
sustain over time 
(rounds)?   

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

Secondary Research Questions 

Feasibility 

XII. Can IMCI service 
providers successfully 
conduct pulse oximetry 
assessments in two 
attempts? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

XIII. Can IMCI service 
providers successfully 
conduct pulse oximetry 
in three attempts? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

XIV. Do various patient-, 
provider- and facility-
related factors 
influence successfully 
conducting pulse 
oximetry assessments 
at the first attempt? 

Percentage with 
95% Confidence 
Interval 

We assume 
correlation within 
the assessments by 
each assessor. 
Therefore, GEE has 
been performed for 
accounting for this 
correlation in 
analysis. Wald 
statistics used for 
checking adequacy 
of model. 

XV. Is there any variation in 
successfully conducting 
pulse oximetry 
assessments at the first 
attempt by individual 
IMCI service providers? 

Proportion with 
heterogeneity 
statistics across 
individual 
assessors (i.e., I2 
an Tau2 statistics) 

We assumed 
random variation 
within assessments 
by each assessor. 
Heterogeneity 
statistics I2 was 
used to report the 
proportion of 
between assessor 
variability which is 
not due to chance 
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WHO’s  
Implementation 

Outcome Variable 

Research questions for 
performing pulse oximetry 

in routine outpatient 
settings 

Statistical test 
Rationale and 

details 

and Tau2  has been 
reported to report 
the actual between 
assessor variability.  

XVI. Can IMCI service 
providers successfully 
conduct pulse oximetry 
assessment in three 
minutes? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

XVII. Can IMCI service 
providers successfully 
conduct pulse oximetry 
assessment in five 
minutes? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

XVIII. Do various patient-, 
provider-, and facility-
related factors 
influence successfully 
conducting pulse 
oximetry assessments 
within one minute? 

Generalized 
Estimating 
Equation 
reporting odds 
ratios with 95% 
confidence 
interval 

We assume 
correlation within 
the assessments by 
each assessor. 
Therefore, GEE has 
been performed for 
accounting for this 
correlation in 
analysis. Wald 
statistics used for 
checking adequacy 
of model. 

XIX. Is there any variation in 
successfully conducting 
pulse oximetry 
assessments within one 
minute by individual 
IMCI service providers? 

Proportion with 
heterogeneity 
statistics across 
individual 
assessors (i.e. I2 
an Tau2 statistics) 

We assumed 
random variation 
within assessments 
by each assessor. 
Heterogeneity 
statistics I2 was 
used to report the 
proportion of 
between assessor 
variability which is 
not due to chance 
and Tau2  has been 
reported to report 
the actual between 
assessor variability.  

XX. What is the 
performance time for 
successfully conducting 
pulse oximetry 
assessments? 

Median with 
Interquartile 
range (IQR)  
 

Shapiro-Wilk test 
presented the non-
normality of the 
distribution of the 
time taken for 
measurement of 
SpO2 . Hence, 
median times were 
reported with IQR.  
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WHO’s  
Implementation 

Outcome Variable 

Research questions for 
performing pulse oximetry 

in routine outpatient 
settings 

Statistical test 
Rationale and 

details 

XXI. Do various patient-, 
provider-, and facility-
related factors 
influence performance 
time for successfully 
conducting pulse 
oximetry assessments?  

Mood’s Median 
Test 

Shapiro-Wilk test 
presented the non-
normality of the 
distribution of the 
time taken for 
measurement of 
SpO2. Hence, 
median times were 
reported with IQR 
and non-parametric 
equality of median 
tests have been 
performed.  

XXII. Is there any variation in 
performance time for 
successfully conducting 
pulse oximetry 
assessments by 
individual IMCI service 
providers? 

Mood’s Median 
Test 

Shapiro-Wilk test 
presented the non-
normality of the 
distribution of the 
time taken for 
measurement of 
SpO2. Hence, 
median times were 
reported with IQR 
and non-parametric 
equality of median 
tests have been 
performed.  

Fidelity 

XXIII. Do IMCI service 
providers ensure the 
baby was calm before 
conducting pulse 
oximetry assessments? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

XXIV. Do they place the 
probe appropriately 
before conducting 
pulse oximetry 
assessments? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

XXV. Do various patient-, 
provider-, and facility-
related factors 
influence adhering to 
Standard Operating 
Procedure (SoP) while 
conducting pulse 
oximetry assessments? 

Generalized 
Estimating 
Equation 
reporting odds 
ratios with 95% 
confidence 
interval 

We assume 
correlation within 
the assessments by 
each assessor. 
Therefore, GEE has 
been performed for 
accounting for this 
correlation in 
analysis. Wald 
statistics used for 
checking adequacy 
of model. 

XXVI. Is there any variation in 
adhering to Standard 

Proportion with 
heterogeneity 

We assumed 
random variation 
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WHO’s  
Implementation 

Outcome Variable 

Research questions for 
performing pulse oximetry 

in routine outpatient 
settings 

Statistical test 
Rationale and 

details 

Operating Procedure 
(SoP) while conducting 
pulse oximetry 
assessment by 
individual IMCI service 
providers? 

statistics across 
individual 
assessors (i.e. I2 
an Tau2 statistics) 

within assessments 
by each assessor. 
Heterogeneity 
statistics I2 was 
used to report the 
proportion of 
between assessor 
variability which is 
not due to chance 
and Tau2  has been 
reported to report 
the actual between 
assessor variability.  

XXVII. Do IMCI service 
providers adhere to 
cleanliness practices 
before conducting 
pulse oximetry 
assessments? 

Percentage with 
95% Confidence 
Interval 

Rates presented 
using percentage 
and confidence 
interval.  

XXVIII. Do various patient-, 
provider-, and facility-
related factors 
influence adhering to 
cleanliness practices 
while conducting pulse 
oximetry assessments? 

Generalized 
Estimating 
Equation 
reporting odds 
ratios with 95% 
confidence 
interval 

We assume 
correlation within 
the assessments by 
each assessor. 
Therefore, GEE has 
been performed for 
accounting for this 
correlation in 
analysis. Wald 
statistics used for 
checking adequacy 
of model. 

XXIX. Is there any variation in 
adhering to cleanliness 
practices while 
conducting pulse 
oximetry assessments 
by individual IMCI 
service providers? 

Proportion with 
heterogeneity 
statistics across 
individual 
assessors (i.e. I2 
an Tau2 statistics) 

We assumed 
random variation 
within assessments 
by each assessor. 
Heterogeneity 
statistics I2 was 
used to report the 
proportion of 
between assessor 
variability which is 
not due to chance 
and Tau2  has been 
reported to report 
the actual between 
assessor variability.  

XXX. Do various patient-, 
provider-, and facility-
related factors 
influence agreement of 

Generalized 
Estimating 
Equation 
reporting odds 

We assume 
correlation within 
the assessments by 
each assessor. 
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WHO’s  
Implementation 

Outcome Variable 

Research questions for 
performing pulse oximetry 

in routine outpatient 
settings 

Statistical test 
Rationale and 

details 

hypoxaemia 
identification 
(SpO2<94%) thorough 
pulse oximetry? 

ratios with 95% 
confidence 
interval 

Therefore, GEE has 
been performed for 
accounting for this 
correlation in 
analysis. Wald 
statistics used for 
checking the 
adequacy of model. 

 

XXXI. Is there any variation in 
agreement of 
hypoxaemia 
identification 
(SpO2<94%) through 
pulse oximetry by 
individual IMCI service 
providers? 

Proportion with 
heterogeneity 
statistics across 
individual 
assessors (i.e., I2 
and Tau2 
statistics) 

We assumed 
random variation 
within assessments 
by each assessor. 
Heterogeneity 
statistics I2 was 
used to report the 
proportion of 
between assessor 
variability which is 
not due to chance 
and Tau2  has been 
reported to report 
the actual between 
assessor variability. 
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Supplementary table 9.3: Background characteristics of the data collection team 

Data collector Data 
collection 
type 

Age 
(in 
years) 

Sex Educational qualification Experience 
(in years) 

Nurse 1 Observation 24 Female Diploma in Nursing & 
Midwifery 

3 

Nurse 2 Observation 22 Female Diploma in Nursing & 
Midwifery 

2 

Nurse 3 Re-assessment 24 Female Diploma in Nursing & 
Midwifery 

2 

Nurse 4 Re-assessment 23 Male Diploma in Nursing & 
Midwifery 

1 

Paramedic 1 Exit interview 28 Male Diploma in Medical Faculty 7 

Paramedic 2 Exit interview 24 Female Diploma in Medical Faculty 6 

Data extractor 1 Data 
Extraction 

30 Male Master of Social Science 6 

Data extractor 2 Data 
Extraction 

31 Male Master of Arts 3 
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Supplementary table 9.4: Background characteristics of the IMCI service providers by rounds of 
assessment; presented in % 

  Round 1   Round 2   All rounds   

Service provider characteristics  n % n % n % 

Age             

≤          10 46 10 46 10 46 

> 35 years 12 55 12 55 12 55 

Sex             

Male 10 46 10 46 10 46 

Female 12 55 12 55 12 55 

Designation             

Doctor 5 23 5 23 5 23 

Nurse 5 23 5 23 5 23 

Paramedic 12 55 12 55 12 55 

Facility type              

District Hospital  3 14 3 14 3 14 

Sub-District Hospital  13 59 13 59 13 59 

Union-level Health Centre  6 27 6 27 6 27 

Total 22 100 22 100 22 100 
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Supplementary table 9.5: Background characteristics of the children presenting with 
cough/difficulty-in-breathing by rounds of assessment 

Patient characteristics Round 1   Round 2   
All 

rounds 
  

  n % n % n % 

Age             

2-11 months 355 42 374 45 729 43 

12-59 months 500 59 451 55 951 57 

Sex             

Male 455 53 453 55 908 54 

Female 400 47 372 45 772 46 

Z-score (weight for height)             

Not wasted (-2SD and above) 775 92 725 88 1500 90 

Wasted (below -2SD) 36 4 62 8 98 6 

Severely wasted (below -3SD) 30 4 36 4 66 4 

Missing 14   2   16   

Fever             

No 811 95 765 93 1576 94 

Yes 44 5 60 7 104 6 

Fast breathing             

No 734 88 726 88 1460 88 

Yes 102 12 97 12 199 12 

Missing 19   2   21   

Chest indrawing             

No 823 98 793 96 1616 97 

Yes 18 2 30 4 48 3 

Missing 14   2   16   

IMCI classification              

No pneumonia 727 86 717 87 1444 87 

Pneumonia/Severe pneumonia 114 14 106 13 220 13 

Missing 14   2       

Total 855 51 825 49 1680 100 

SD: Standard Deviation   
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Supplementary table 9.6: Number of children assessed by background characteristics of the IMCI 
service providers by rounds of assessment; presented in % 

Provider characteristics Round 1 Round 2 All rounds 

  n % n % n % 

Age             

≤          374 44 363 44 737 44 

> 35 years 481 56 462 56 943 56 

Sex             

Male 388 45 385 47 773 46 

Female 467 55 440 53 907 54 

Designation             

Doctor 199 23 198 24 397 24 

Nurse 190 22 177 22 367 22 

Paramedic 466 55 450 55 916 55 

Facility characteristics             

District Hospital  132 15 119 14 251 15 

Sub-District Hospital  515 60 504 61 1019 61 

Union-level Health Centre  208 24 202 25 410 24 
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Supplementary table 9.7: Number of assessments by IMCI service providers by round of assessments 

 

  

  Number of assessments 

  Round 1 Round 2 All rounds 

Doctor 1 45 40 85 

Doctor 2 45 40 85 

Doctor 3 41 42 83 

Doctor 4 35 42 77 

Doctor 5 33 34 67 

Nurse 1 43 42 85 

Nurse 2 33 32 65 

Nurse 3 44 34 78 

Nurse 4 33 37 70 

Nurse 5 37 32 69 

Paramedic 1 41 42 83 

Paramedic 2 45 41 86 

Paramedic 3 31 32 63 

Paramedic 4 35 35 70 

Paramedic 5 36 35 71 

Paramedic 6 34 34 68 

Paramedic 7 47 43 90 

Paramedic 8 36 40 76 

Paramedic 9 42 38 80 

Paramedic 10 34 32 66 

Paramedic 11 38 34 72 

Paramedic 12 47 44 91 
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Supplementary table 9.8: Influence of several patient-, provider-, and facility-related factors on 
successfully conducting pulse oximetry assessments at the first attempt by IMCI service providers; 
presented in adjusted odds ratios with 95% confidence interval; N=1680 

    Success at first attempt 

  N % OR LL UL 
P 

value 
AOR LL UL 

P 
value 

Patient characteristics 
          

Age 
          

2-11 months 582 79.80 Ref Ref Ref Ref Ref Ref Ref Ref 

12-59 months 847 89.30 2.15 1.63 2.83 0.00 2.20 1.65 2.93 0.00 

Sex 
          

Female 634 82.20 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 795 87.70 1.51 1.15 1.98 0.00 1.54 1.16 2.04 0.00 

Chest indrawing 
          

No 1384 85.60 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 38 79.20 0.59 0.30 1.19 0.14 0.68 0.28 1.65 0.40 

Fast breathing 
          

No 1250 85.60 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 169 84.90 0.94 0.62 1.42 0.77 1.03 0.30 3.56 0.96 

Fever 
          

No 1346 85.40 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 83 82.20 0.77 0.46 1.30 0.33 0.99 0.52 1.91 0.99 

IMCI classification  
          

No pneumonia 1236 85.60 Ref Ref Ref Ref Ref Ref Ref Ref 

Pneumonia/Severe pneumonia 186 84.50 0.91 0.62 1.35 0.66 1.06 0.30 3.78 0.93 

Z-score (weight for height) 
          

Not wasted (-2SD and above) 1287 85.80 Ref Ref Ref Ref Ref Ref Ref Ref 

Wasted (below -2SD) 81 82.70 0.80 0.46 1.37 0.41 0.82 0.47 1.43 0.48 

Severely wasted (below -3SD) 54 81.80 0.75 0.40 1.43 0.39 0.80 0.41 1.55 0.50 

Service provider characteristics 
          

Age 
          

≤          625 84.90 Ref Ref Ref Ref Ref Ref Ref Ref 

> 35 years 804 85.40 1.05 0.70 1.57 0.81 1.08 0.72 1.62 0.72 

Sex 
          

Female 774 85.40 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 655 85.00 0.98 0.65 1.46 0.90 0.88 0.54 1.44 0.61 

Designation 
          

Doctor 349 88.10 Ref Ref Ref Ref Ref Ref Ref Ref 

Nurse 302 82.50 0.64 0.36 1.12 0.12 0.60 0.34 1.05 0.07 

Paramedic 778 85.00 0.77 0.47 1.26 0.30 0.82 0.46 1.45 0.49 

Facility characteristics 
          

District Hospital  221 88.00 Ref Ref Ref Ref Ref Ref Ref Ref 

Sub-District Hospital 863 84.90 0.77 0.42 1.41 0.39 0.91 0.49 1.72 0.78 

Health Centre 345 84.10 0.73 0.37 1.42 0.35 0.76 0.36 1.62 0.48 

Assessments 
          

Round 1 727 85.30 Ref Ref Ref Ref Ref Ref Ref Ref 

Round 2 702 85.10 0.98 0.75 1.28 0.89 0.98 0.74 1.30 0.89 
OR: Odds Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval   
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Supplementary table 9.9: Influence of several patient-, provider-, and facility-related factors on 
successfully conducting pulse oximetry assessments within one minute by IMCI service providers; 
presented in adjusted odds ratios with 95% confidence interval; N=1680 

    Success within one minute 

  N % OR LL UL 
P 

value 
AOR LL UL 

P 
value 

Patient characteristics 
          

Age 
          

2-11 months 439 61 Ref Ref Ref Ref Ref Ref Ref Ref 

12-59 months 709 75 1.95 1.58 2.41 0.00 2.05 1.65 2.55 0.00 

Sex 
          

Female 509 67 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 639 71 1.20 0.97 1.48 0.09 1.21 0.98 1.50 0.08 

IMCI classification  
          

No pneumonia 998 70 Ref Ref Ref Ref Ref Ref Ref Ref 

Pneumonia/Severe pneumonia 144 66 0.82 0.61 1.11 0.20 0.88 0.32 2.42 0.81 

Chest indrawing 
          

No 1112 69 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 30 63 0.69 0.38 1.25 0.22 0.90 0.44 1.84 0.77 

Fast breathing 
          

No 1009 70 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 131 66 0.84 0.62 1.15 0.29 1.08 0.40 2.91 0.89 

Fever 
          

No 1083 69 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 65 65 0.81 0.53 1.23 0.32 0.79 0.49 1.27 0.33 

Z-score (weight for height) 
          

Not wasted (-2SD and above) 1036 70 Ref Ref Ref Ref Ref Ref Ref Ref 

Wasted (below -2SD) 62 65 0.80 0.52 1.23 0.31 0.79 0.51 1.24 0.30 

Severely wasted (below -3SD) 44 67 0.86 0.51 1.46 0.58 0.89 0.52 1.53 0.67 

Service provider characteristics 
          

Age 
          

≤          488 67 Ref Ref Ref Ref Ref Ref Ref Ref 

> 35 years 660 71 1.18 0.92 1.51 0.19 1.17 0.90 1.53 0.23 

Sex 
          

Female 608 67 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 540 71 1.18 0.92 1.51 0.20 1.05 0.78 1.43 0.74 

Designation 
          

Doctor 276 70 Ref Ref Ref Ref Ref Ref Ref Ref 

Nurse 237 65 0.78 0.55 1.11 0.17 0.77 0.55 1.08 0.13 

Paramedic 635 70 0.98 0.72 1.32 0.88 1.03 0.73 1.45 0.86 

Facility characteristics 
          

District Hospital  177 71 Ref Ref Ref Ref Ref Ref Ref Ref 

Sub-District Hospital 701 70 0.95 0.65 1.38 0.78 1.06 0.72 1.55 0.78 

Health Centre 270 67 0.83 0.55 1.26 0.39 0.81 0.51 1.29 0.38 

Assessments 
          

Round 1 560 67 Ref Ref Ref Ref Ref Ref Ref Ref 

Round 2 588 72 1.26 1.02 1.55 0.03 1.30 1.05 1.62 0.02 
OR: Odds Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval   
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Supplementary table 9.10: Influence of several patient-, provider-, and facility-related factors on 
adhering to SoPs while conducting pulse oximetry assessments by IMCI service providers; presented 
in adjusted odds ratios with 95% confidence interval; N=1680 

    Adherence to SoP of PO use 

  N % OR LL UL 
P 

value 
AOR LL UL 

P 
value 

Patient characteristics 
          

Age 
          

2-11 months 674 92.50 Ref Ref Ref Ref Ref Ref Ref Ref 

12-59 months 868 91.60 0.99 0.72 1.36 0.95 1.06 0.69 1.61 0.80 

Sex 
          

Female 719 93.30 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 823 90.80 0.81 0.59 1.12 0.20 0.69 0.46 1.05 0.09 

Z-score (weight for height) 
          

Not wasted (-2SD and above) 1378 91.90 Ref Ref Ref Ref Ref Ref Ref Ref 

Wasted (below -2SD) 91 92.90 1.04 0.53 2.05 0.91 0.75 0.29 1.94 0.55 

Severely wasted (below -3SD) 64 97.00 1.86 0.64 5.37 0.25 1.59 0.33 7.72 0.56 

Chest indrawing 
          

No 1488 92.10 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 45 93.80 0.79 0.33 1.88 0.59 0.81 0.19 3.55 0.79 

Fast breathing 
          

No 1349 92.40 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 179 89.90 0.66 0.43 1.03 0.07 0.60 0.07 5.43 0.65 

Fever 
          

No 1452 92.10 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 90 89.10 0.65 0.37 1.16 0.15 0.50 0.18 1.36 0.17 

IMCI classification  
          

No pneumonia 1334 92.40 Ref Ref Ref Ref Ref Ref Ref Ref 

Pneumonia/Severe pneumonia 199 90.50 0.68 0.44 1.04 0.08 1.32 0.14 12.10 0.81 

Service provider characteristics 
          

Age 
          

≤    years 686 93.20 Ref Ref Ref Ref Ref Ref Ref Ref 

> 35 years 856 91.00 0.74 0.22 2.49 0.63 0.29 0.15 0.53 0.00 

Sex 
          

Female 813 89.70 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 729 94.60 2.09 0.64 6.76 0.22 2.98 1.34 6.63 0.01 

Designation 
          

Doctor 377 95.20 Ref Ref Ref Ref Ref Ref Ref Ref 

Paramedic 846 92.50 0.62 0.12 3.22 0.57 1.88 0.55 6.43 0.31 

Nurse 319 87.20 0.36 0.06 2.04 0.25 0.42 0.16 1.10 0.08 

Facility characteristics 
          

District Hospital  243 96.80 Ref Ref Ref Ref Ref Ref Ref Ref 

Sub-District Hospital 943 92.80 0.39 0.03 4.79 0.46 0.03 0.00 0.25 0.00 

Health Centre 356 86.80 0.21 0.02 2.67 0.23 0.00 0.00 0.05 0.00 

Assessments 
          

Round 1 725 85.10 Ref Ref Ref Ref Ref Ref Ref Ref 

Round 2 817 99.00 15.98 5.67 45.00 0.00 28.62 11.03 74.29 0.00 
OR: Odds Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval   
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Supplementary table 9.11: Influence of several patient-, provider-, and facility-related factors on 
agreement of identifying hypoxaemia through pulse oximetry between IMCI service providers and 
study nurses; presented in adjusted odds ratios with 95% confidence interval; N=1680 

  
Observed agreement (SpO2<94%)  

N % OR LL UL P 
value 

AOR LL UL P value 

Patient characteristics 
          

Age 
          

2-11 months 696 96.7 Ref Ref Ref Ref Ref Ref Ref Ref 

12-59 months 905 97.1 1.23 0.71 2.13 0.47 1.19 0.67 2.11 0.55 

Sex 
          

Female 733 96.6 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 868 97.2 1.01 0.59 1.75 0.97 1.07 0.60 1.89 0.82 

IMCI classification 
          

No pneumonia 1396 97.5 Ref Ref Ref Ref Ref Ref Ref Ref 

Pneumonia/Severe pneumonia 205 93.2 0.41 0.21 0.80 0.01 0.38 0.06 2.40 0.30 

Chest indrawing 
          

No 1557 97.1 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 44 91.7 0.58 0.16 2.12 0.41 1.35 0.33 5.53 0.68 

Fast breathing 
          

No 1412 97.4 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 186 93.5 0.42 0.21 0.84 0.01 1.00 0.16 6.15 1.00 

Fever 
          

No 1518 97 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 83 95.4 0.78 0.26 2.36 0.67 0.92 0.30 2.84 0.89 

Z-score (weight for height) 
          

Not wasted (-2SD and above) 1443 96.9 Ref Ref Ref Ref Ref Ref Ref Ref 

Wasted (below -2SD) 95 97.9 1.52 0.37 6.15 0.56 1.46 0.36 5.95 0.60 

Severely wasted (below -3SD) 63 95.5 0.75 0.22 2.55 0.65 0.75 0.21 2.59 0.64 

Service provider characteristics 
          

Age 
          

≤          711 97.8 Ref Ref Ref Ref Ref Ref Ref Ref 

> 35 years 890 96.2 0.67 0.15 2.92 0.60 1.10 0.27 4.44 0.89 

Sex 
          

Female 867 97.3 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 734 96.5 0.84 0.20 3.49 0.81 0.72 0.10 5.31 0.75 

Designation 
          

Doctor 384 98.2 Ref Ref Ref Ref Ref Ref Ref Ref 

Nurse 346 96.6 0.48 0.05 5.15 0.55 0.49 0.06 4.17 0.51 

Paramedic 871 96.5 0.52 0.06 4.42 0.55 0.30 0.04 2.12 0.23 

Facility characteristics 
          

District Hospital 232 95.5 Ref Ref Ref Ref Ref Ref Ref Ref 

Sub-District Hospital 970 96.5 1.30 0.23 7.42 0.77 1.33 0.15 11.38 0.80 

Health Centre 399 98.8 3.69 0.29 47.41 0.32 4.97 0.36 68.53 0.23 

Assessments 
          

Round 1 801 96 Ref Ref Ref Ref Ref Ref Ref Ref 

Round 2 800 97.8 1.82 1.00 3.30 0.05 1.76 0.96 3.23 0.07 

OR: Odds Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval   
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Supplementary table 9.12: Influence of several patient-, provider-, and facility-related factors on 
optimum cleanliness practices by IMCI service providers; presented in adjusted odds ratios with 95% 
confidence interval; N=1680  

  N % OR LL UL 
P 

value 
AOR LL UL 

P 
value 

Patient characteristics                    

Age                    

2-11 months 555 76.10 Ref Ref Ref Ref Ref Ref Ref Ref 

12-59 months 651 68.70 0.69 0.55 0.86 0.00 0.66 0.51 0.85 0.00 

Sex                    

Female 566 73.40 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 640 70.60 0.87 0.70 1.08 0.21 0.92 0.71 1.18 0.49 

IMCI classification                     

No pneumonia 1038 71.90 Ref Ref Ref Ref Ref Ref Ref Ref 

Pneumonia/Severe pneumonia 160 72.70 1.04 0.76 1.43 0.80 1.17 0.34 3.98 0.81 

Chest indrawing                    

No 1166 72.20 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 32 66.70 0.77 0.42 1.42 0.41 0.48 0.21 1.12 0.09 

Fast breathing                    

No 1050 71.90 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 145 72.90 1.05 0.75 1.46 0.78 0.90 0.27 3.00 0.86 

Fever                    

No 1138 72.20 Ref Ref Ref Ref Ref Ref Ref Ref 

Yes 68 67.30 0.79 0.52 1.22 0.29 0.59 0.34 1.02 0.06 

Z-score (weight for height)                    

Not wasted (-2SD and above) 1074 71.60 Ref Ref Ref Ref Ref Ref Ref Ref 

Wasted (below -2SD) 75 76.50 1.29 0.80 2.09 0.29 1.04 0.59 1.81 0.90 

Severely wasted (below -3SD) 49 74.20 1.14 0.65 2.01 0.64 1.45 0.74 2.85 0.28 

Service provider characteristics                    

Age                    

≤          569 77.30 Ref Ref Ref Ref Ref Ref Ref Ref 

> 35 years 637 67.70 0.61 0.49 0.77 0.00 1.07 0.79 1.46 0.66 

Sex                    

Female 645 71.20 Ref Ref Ref Ref Ref Ref Ref Ref 

Male 561 72.80 1.08 0.87 1.34 0.48 0.33 0.23 0.46 0.00 

Designation                    

Doctor 253 63.90 Ref Ref Ref Ref Ref Ref Ref Ref 

Paramedic 669 73.10 1.54 1.19 1.98 0.00 2.63 1.82 3.79 0.00 

Nurse 284 77.60 1.96 1.42 2.70 0.00 1.77 1.17 2.69 0.01 

Facility characteristics                    

District Hospital  91 36.30 Ref Ref Ref Ref Ref Ref Ref Ref 

Sub-District Hospital 823 81.00 7.50 5.55 10.13 0.00 20.34 13.10 31.60 0.00 

Health Centre 292 71.20 4.35 3.11 6.08 0.00 6.96 4.14 11.73 0.00 

Assessments                    

Round 1 512 60.10 Ref Ref Ref Ref Ref Ref Ref Ref 

Round 2 694 84.10 3.52 2.79 4.44 0.00 4.82 3.68 6.32 0.00 

OR: Odds Ratio 
AOR: Adjusted Odds Ratio 
LL: Lower Limit of 95% Confidence Interval 
UL: Upper Limit of 95% Confidence Interval   
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Supplementary table 9.13: Summary of findings on the secondary research questions 

Outcome  Secondary Research Questions Answers 

Feasibility 

1 
Can they successfully conduct pulse oximetry 
assessments in two attempts? 

96%, (95% CI, 95 to 97) 

2 
Can they successfully conduct pulse oximetry 
assessments in three attempts? 

99%, (95% CI, 98 to 99) 

3 
Do various patient-, provider- and facility- factors 
influence successfully conducting pulse oximetry 
assessments at the first attempt? 

Supplementary material 
9.13 

4 
Is there any variation in successfully conducting 
pulse oximetry assessments at the first attempt by 
individual IMCI service providers? 

Figure-9.3 

5 
Can IMCI service providers successfully conduct 
pulse oximetry assessments in three minutes? 

94%, (95% CI, 92 to 95) 

6 
Can MCI service providers successfully conduct 
pulse oximetry assessments in five minutes? 

98%, (95% CI, 97 to 98) 

7 
Do various patient-, provider-, and facility- factors 
influence successfully conducting pulse oximetry 
assessments within one minute? 

Supplementary material 
9.14 

8 
Is there any variation in successfully conducting 
pulse oximetry assessments within one minute by 
individual IMCI service providers? 

Figure-9.3 

9 
What is the performance time for successfully 
conducting pulse oximetry assessments? 

Figure-9.4 

10 
Do various patient-, provider-, and facility-related 
factors influence performance time for 
successfully performing pulse oximetry 

Figure-9.4 

11 
Is there any variation in performance time for 
successfully performing pulse oximetry by 
individual IMCI service providers? 

Figure-9.4 

    

Fidelity 

12 
Do the IMCI service providers ensure the baby 
was calm before conducting pulse oximetry 
assessment? 

93%, (95% CI, 91 to 94) 

13 
Do the IMCI service providers place the probe 
appropriately while conducting pulse oximetry 
assessments? 

99%, (95% CI, 98 to 99) 

14 

Do various patient-, provider-, and facility-level 
factors influence adhering to Standard Operating 
Procedure (SoP) while conducting pulse oximetry 
assessments? 

Supplementary material 
9.15 

15 

Is there any variation in adhering to Standard 
Operating Procedure (SoP) while conducting pulse 
oximetry assessments by individual IMCI service 
providers? 

Figure-9.3 

16 
Do the IMCI service providers adhere to 
cleanliness practices before conducting pulse 
oximetry assessments? 

72%, (95% CI, 70 to 74) 

17 
Do various patient-, provider-, and facility-level 
factors influence adhering to cleanliness practices 
before conducting pulse oximetry assessments? 

Supplementary material 
9.17 
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Outcome  Secondary Research Questions Answers 

18 
Is there any variation in adhering to cleanliness 
practices before conducting pulse oximetry 
assessment by individual IMCI service providers? 

Supplementary material 
9.19 

19 

Do various patient-, provider-, and facility-related 
factors influence agreement of hypoxaemia 
identification (SpO2<94%) through pulse 
oximetry? 

Supplementary material 
9.16 

20 
Is there any variation in agreement of hypoxaemia 
identification (SpO2<94%) through pulse oximetry 
by individual IMCI service providers? 

Figure-9.3 
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9.7.2 Supplementary figures 

Supplementary figure  9.1: Study site and health facilities selected for introducing pulse oximetry in 
Kushtia, Bangladesh 
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Supplementary figure  9.2: Important milestones for the design, development, and demonstration 
of the district implementation model 
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Supplementary figure  9.3: Snapshots of the survey app 
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Supplementary figure  9.4: Distribution of performance time for conducting pulse oximetry 
assessment, using the Shapiro–Wilk test 
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Chapter 10: EXTENDED DISCUSSION 

Pulse oximetry has enormous potential for improving the accuracy of pneumonia 

classification and the quality of pneumonia management, particularly in settings with 

limited resources (1).  The primary objective of my thesis was to generate evidence 

and synthesise knowledge so that the policymakers in Bangladesh can understand 

the importance of identifying hypoxaemia among children with pneumonia and 

make informed decisions to introduce pulse oximetry in paediatric outpatient 

settings, i.e., IMCI services in Bangladesh. Therefore, I was engaged in a series of 

formal and informal consultations with the Ministry of Health policymakers, national 

IMCI programme managers and experts to discuss the country context and the 

current evidence gaps that need to be addressed for integrating pulse oximetry in 

routine IMCI services. These consultations helped me prioritise the objectives and 

finalise the research questions based on the Government of Bangladesh’s strategic 

direction and programme priorities. Table 10.1 outlines my PhD project’s objectives, 

research questions, study designs, and key outputs.  

Table 10.1: Summary of objective, research questions, study designs and key scientific outputs of 
the PhD project 

Sl # Objectives and research questions Study design Output 

A Estimating the BURDEN of hypoxaemia among children with pneumonia 

1.  
What is the burden of hypoxaemia 
among children with pneumonia in 
LMICs? 

Systematic review and 
meta-analysis 

Article published 
in The Lancet 
Global Health 

2.  
What is the burden of hypoxaemia 
among children with pneumonia in 
Bangladesh? 

Secondary analysis of 
routine health service data 

Article published 
in the Journal of 
Global Health 

B 
Understanding the CONTEXT of managing children with pneumonia, including 
hypoxaemia in Bangladesh 

3.  
What is the context of childhood 
pneumonia-related deaths in 
Bangladesh? 

Secondary analysis of a 
national household survey 

Article published 
in the Journal of 
Global Health 
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Sl # Objectives and research questions Study design Output 

4.  

What is the status of facility readiness 
regarding the availability of pulse 
oximetry for managing childhood 
pneumonia in Bangladesh?  

Secondary analysis of a 
national health facility 
assessment survey 

Article published 
in the BMC Health 
Services Research  

C Assessing the FEASIBILITY of introducing pulse oximetry in routine IMCI services  

5.  
What is the process of integrating 
pulse oximetry in the national IMCI 
implementation package?  

Desk review, stakeholder 
engagement and cross-
sectional survey   

Article published 
in the Journal of 
Global Health 

6.  
Can health care personnel perform 
pulse oximetry in hospital inpatient 
settings?  

Observational study-cross 
sectional survey 

Article published 
in the Journal of 
Global Health 

7.  
Can IMCI service providers perform 
pulse oximetry in routine outpatient 
settings in rural Bangladesh?   

Implementation Research 
-abstraction of data from 
routine registers, 
-observation, 
-re-assessment, 
-exit-interviews   

Article accepted 
in The Lancet 
eClinicalMedicine 

 

I conducted several studies adopting various study designs and methods to answer 

the above-mentioned research questions. I presented the context, rationale, 

methods, results, and discussion in chapters 3, 4, 5, 6, 7, 8, and 9. In this chapter, I 

critically examine some additional issues related to the study design, sample size and 

sampling, measurements, and analysis, and outline specific recommendations for 

future research.  

10.1 ESTIMATING THE BURDEN OF HYPOXAEMIA AMONG CHILDREN WITH 

PNEUMONIA 

The first evidence gap identified through stakeholder consultation was related to the 

global burden of hypoxaemia in childhood pneumonia (Table 10.1). The second 

evidence gap that was identified through stakeholder consultation was related to 

the burden of hypoxaemia among children with pneumonia in Bangladesh (Table 

10.1). 
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10.1.1 What is the burden of hypoxaemia among children with 

pneumonia in LMICs? 

The previous estimate regarding the burden of hypoxaemia was based on a 

systematic review conducted by Subhi et al. in 2009 and there was an urgent need 

to update the estimate (2). To address this, I conducted a systematic review and 

meta-analysis, which included more than 100,000 children with pneumonia or 

severe pneumonia from 57 studies, and represented different regions, facility types, 

patient types, hospitalisation status, and clinical severity based on WHO 

classifications (3). The pooled prevalence was 31%, with a confidence interval of 26-

36 (95% CI).  

I aimed to generate an updated estimate of the hypoxaemia burden, which will be 

representative of LMICs. I searched in 11 bibliographic databases and citation 

indices, which included several regional databases such as IndMED, Global Index 

Medicus by WHO, including African Index Medicus, the literature of Latin America 

and the Caribbean (AMRO/Pan American Health Organization), the Index Medicus 

for the Eastern Mediterranean Region (IMEMR/ EMRO), the Index Medicus for 

South-East Asia Region (IMSEAR/ SEARO), Western Pacific Region Index Medicus 

(WPRIM/ WPRO). Of the 57 studies included in this review, 26 were from Africa, 23 

from Asia, four from South America, and four from multiple continents. I believe that 

the inclusion of regional databases substantially increased the sensitivity of the 

search strategy and the overall representativeness of the findings to LMICs, where 

the majority of childhood pneumonia episodes and deaths happen (4). Although I did 

not include any language restrictions in the search, I could not search any Chinese 
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language databases due to the language barrier. The number of studies conducted 

in China has been increasing exponentially over the past decade, and positive results 

are more likely to be published in English language journals and databases than in 

Chinese language journals and databases (5, 6). Hence, although excluding the 

Chinese databases may have introduced some language bias and indexing bias in our 

search strategy, several studies have reported that exclusion of Chinese databases 

did not substantially affect their overall results (7, 8). I also reported the prevalence 

of hypoxaemia by regions (i.e., Asia, Africa and South America). Therefore, the effect 

of the language bias and indexing bias will have minimum impact on the estimates 

generated for Africa and South America. Moreover, the studies included in our meta-

analysis have a good representation of the rest of Asia (except China). The pooled 

prevalence of hypoxaemia in Asia did not vary substantially from that of Africa and 

South America. 

Another important limitation of our study is the exclusion of unpublished studies, 

which is different from the approach adopted by Subhi et al. in their review (9). 

Restricting our meta-analysis to published studies may have introduced a publication 

bias in the overall estimate (10, 11). However, including the unpublished studies, 

could also increase the risk of bias, as they are not peer reviewed like other published 

papers. Thus, it would have minimised the validity of the overall estimate. Several 

studies have also found that exclusion of unpublished studies or grey literature 

changed the treatment effect in only a small number of systematic reviews and 

rarely impacted the overall results and conclusions (12, 13). Lastly, the impact of 

language bias, indexing bias, and publication bias on the pooled estimate is more 
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relevant for studies adopting an experimental design and reporting 

treatment/intervention effects. Most of the studies included in our meta-analysis 

were observational in design, and those that reported the prevalence of 

hypoxaemia. Hence, considering the complexity in finalising the search strategy in 

grey literature databases as well as time and resource constraints, I opted to limit 

my systematic review to published articles only. 

I conducted risk of bias assessments of the studies included for full-text review. The 

primary objective of the systematic review was to report the hypoxaemia prevalence 

through descriptive statistics, and most of the studies included in the full-text review 

were observational in nature. On the other hand, the majority of the risk of bias 

assessment tools were designed and developed for experimental trials (14). I found 

that there are a few tools, such as the JBI critical appraisal checklists for studies 

reporting prevalence data, the agency for healthcare research and quality (AHRQ) 

methodology checklist and Crombie’s items, which are relevant or specific to 

observational studies (15-17). Among these, I adopted the JBI tools for risk of bias 

assessment, which has a specific checklist for studies reporting descriptive statistics, 

such as the prevalence of a disease or a condition. The JBI tools also have specific 

checklists for randomised and non-randomised experimental studies. Therefore, 

using the JBI tools helped me standardise the risk of bias assessment across the 

studies adopting different designs and methods. However, I acknowledge that this 

checklist does not have any numeric scoring system.  
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I also assessed the extent of publication bias in our systematic review. Although 

there are several methods/tools for assessing the publication bias, such as Doi plot, 

Begg and Mazumdar, and Egger regression, I adopted the funnel plots since it is most 

commonly used and the outputs are relatively easy to interpret (18-20). I found a 

large dispersion among the prevalence estimates of individual studies included in the 

meta-analysis (high I2 and tau2 value), but I did not observe any asymmetry in the 

funnel plots. It implies that the pooled hypoxaemia-related estimates generated 

through our analysis are less likely to be significantly affected by the publication bias 

of the included studies. I acknowledge our limitation of not conducting the sensitivity 

analysis between high-precision (wide confidence intervals) and low-precision 

(narrow confidence intervals) studies, which may lead to a misleading interpretation 

of publication bias through the funnel plots (21). Rücker et al. suggested using the 

arcsine test (including random effects models) when there is substantial 

heterogeneity (τ2 >0.1) (22). Although I found a high level of heterogeneity in our 

review, I did not conduct the arcsine test as its interpretation is based on the less 

familiar arcsine transformation.  

I found a high level of heterogeneity regarding the prevalence of hypoxaemia 

reported in different studies included in our analysis. I wanted to account for this 

heterogeneity while reporting the pooled prevalence estimate. The aetiology, 

patterns and severity of pneumonia vary by region and settings due to the variability 

of vaccine coverage (PCV, HiB) and environmental conditions. Moreover, the studies 

included in our analysis adopted different designs, methods, measurements, and 

analysis approaches. Based on such variability, I adopted the random-effects model 
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for meta-analysis instead of the fixed effects model, which assumes that there is one 

common effect of the outcome of interest (23). I also acknowledge that these are 

simplistic approaches to reporting pooled estimates in a meta-analysis. I did not 

adopt other advanced statistics, such as mixed-effects models, hierarchical models, 

and factorial models, which may be more pertinent to studies with a high-level of 

variability in designs and analysis approaches and have provisions for adjusting the 

effects of moderators and mediators (24). Future reviews can extract specific 

information regarding moderators and mediators and adopt these advanced 

statistics to report the pooled prevalence after adjusting for their effects. However, 

I have also reported the median prevalence of hypoxaemia, which was not 

significantly different from our random-effects pooled prevalence. Therefore, it gave 

me confidence regarding the reliability of our reported estimate.  

In our review, I included all children under-5 years of age with WHO-defined 

pneumonia. WHO changed its pneumonia classification in 2014. In the pre-2014 

classification, pneumonia was categorised as very severe pneumonia, severe 

pneumonia, and pneumonia and chest indrawing was included as a stand-alone sign 

of severe pneumonia. Whereas the 2014-classification categorised pneumonia as 

severe pneumonia and pneumonia and did not include chest indrawing as a sign of 

severe pneumonia. Our review included studies that were published between 

January 2008 and October 2021. Although I conducted sensitivity analysis and 

reported the hypoxaemia prevalence based on the 2014-classification and pre-2014 

classification separately, there can be issues with possible misclassifications. For 

articles that did not explicitly mention the specific version of the WHO classifications, 
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I assigned the version based on the study period. If a study was conducted before 

2014, I assigned them to the pre-2014 classification group. If a study was conducted 

in 2014 or later, I assigned them to the 2014-classification group. In our review, 48 

out of 61 prevalence reporting used the pre-2014 classification. Therefore, the 

pooled estimate has an over-representation of the pre-2014 classification. I also 

reported the hypoxaemia prevalence by severity classifications. I found that the 

prevalence was much higher among children classified as severe pneumonia than 

non-severe pneumonia. I extracted the prevalence estimates based on the severity 

classification reported by individual studies. Therefore, the pooled prevalence of 

hypoxaemia among children with severe pneumonia has some issues with 

misclassification as it also includes studies using the pre-2014 classification, where 

chest indrawing was considered an independent sign of severe pneumonia. I could 

not extract enough information regarding individual clinical signs, such as chest 

indrawing, from the studies included in our review to reconstruct the severity 

classification based on the 2014-classification. However, the sensitivity analysis 

revealed that the pooled prevalence of hypoxaemia among children with severe 

pneumonia did not differ substantially between the pre-2014 classification and 

2014-classification groups. It gives me confidence that the misclassification related 

to chest indrawing had a minimum effect on the pooled estimate for children with 

severe pneumonia. However, it also raises a critical concern regarding children with 

chest in-drawing pneumonia, who are currently not recommended for hospital 

admission. If the prevalence of hypoxaemia among chest in-drawing pneumonia is 

higher than in fast breathing pneumonia, the current recommendation of 
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outpatient-based management through oral antibiotics may not be enough for those 

with chest in-drawing pneumonia. I recommend that future reviews should 

specifically focus on estimating the prevalence of hypoxaemia among chest 

indrawing and fast breathing pneumonia separately.   

The specifications of a pulse oximetry device as well as the design, material and 

positioning of the probe may influence SpO2 measurements and adversely affect the 

validity and accuracy of hypoxaemia identification through pulse oximetry (25, 26). 

Moreover, the type of training that the assessors receive may have implications on 

the validity and reliability of the SpO2 readings (27, 28). Unfortunately, many studies 

included in our review did not report the pulse oximetry device and probe types as 

well as assessor characteristics and types of training they received regarding pulse 

oximetry. Due to the lack of availability of data, I could not conduct a relevant 

sensitivity analysis. Hence, I recommend that studies presenting the burden of 

hypoxaemia using pulse oximetry should report a minimum set of variables related 

to the device, probe, and assessor characteristics for standardisation and 

comparability.  

The burden of hypoxaemia among children with pneumonia is inversely related to 

the age of the child (29). In our review, I included studies reporting hypoxaemia 

prevalence among children under-5 years of age. I could not report the prevalence 

disaggregated by narrower age bands as most of the studies included in our review 

did not present the prevalence by standardised age categories. I acknowledge that I 

could not reach out to the corresponding authors of the studies included in our 
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review and request them to share the disaggregated estimates based on 

standardised/pre-defined age categories. In addition, I restricted our analysis to 

studies reporting hypoxaemia prevalence among children under-5 years of age. This 

is different from the approach adopted by Subhi and colleagues, who included 

children aged under 12 years of age (9). Lastly, the WHO pneumonia classification is 

only applicable for children aged 2-59 months. In our review, I could not exclude 

children aged 0-1 month due to the lack of disaggregated reporting (by age) in the 

relevant studies. Hence, the pooled prevalence reported in our review may 

overestimate the true prevalence among children (2-59 months) with pneumonia.  

According to WHO, the threshold for identifying hypoxaemia among children is 

SpO2<90% (30, 31). Although most of the studies included in our review used the 

WHO recommended cut-off, some studies reported the prevalence with thresholds 

higher than 90%. I included all studies reporting hypoxaemia prevalence irrespective 

of the specific cut-offs that were used. Hence the pooled prevalence based on our 

review may be an overestimation of the true burden. However, I conducted a 

sensitivity analysis and did not find a substantial difference between the pooled 

estimate of studies using the WHO-recommended cut-offs and those that did not. 

Moreover, several studies have also reported that children with SpO2 90-92% are at 

an increased risk of death and other adverse outcomes compared to those with 

SpO2>92% (32, 33). It signifies the importance of revisiting the WHO-recommended 

threshold for defining hypoxaemia and may justify our approach of also including the 

studies that used a higher threshold while reporting the prevalence of hypoxaemia.  
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The distribution of SpO2 among healthy children in high-altitude settings (>2500 

metres) is different from that of sea-level settings (34, 35). Therefore, the threshold 

of SpO2 should be lower than 90% for defining hypoxaemia in high-altitude settings 

(34). Unfortunately, WHO does not recommend any specific cut-off for such settings. 

In our review, I included six studies from Nepal and Guatemala, which are high-

altitude settings. The Nepal studies used a SpO2 cut-off of <90% and <93%, while the 

Guatemala studies considered <90% and <87%. Since I could not adjust the 

prevalence of hypoxaemia based on a standardised and lower threshold, the pooled 

prevalence for high-altitude settings may have overestimated the burden. Future 

studies conducted in high-altitude settings should report the prevalence of 

hypoxaemia with a lower threshold. Moreover, future systematic reviews should 

communicate with the individual study teams to generate the pooled prevalence for 

high-altitude settings based on a standardised and lower threshold of SpO2.    

In our review, the prevalence of hypoxaemia varied slightly between the Asia and 

Africa regions. I cannot confidently explain the reasons for this observation due to 

the extensive heterogeneity between studies in the two regions. One possible 

explanation could be the difference in the severity classification of pneumonia as a 

higher proportion of Asian studies included in this review represented very severe 

or severe pneumonia than that of the African studies. The other possible explanation 

is the differing aetiological spectrum of pneumonia across different countries and 

regions, which might have influenced the severity of pneumonia and, consequently, 

the prevalence of hypoxaemia (36, 37). I recommend further studies to understand 
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the regional difference by assessing the prevalence of hypoxaemia by specific 

aetiology.  

The pooled prevalence of hypoxaemia reported in our review was much higher than 

the prevalence reported by Subhi et al. in 2009. Although both the reviews had 

similar objectives and adopted similar search strategies, there were some 

differences in execution and implementation. The 2009-review included both 

published and unpublished studies, whereas I only focused on published studies. 

Although the 2009-review adopted a quality checking mechanism for including 

unpublished studies in the meta-analysis, the proportionately high (around half) 

contribution of unpublished studies may have biased the overall estimates. Our 

search strategy included 11 international and regional databases, whereas the 

previous review was limited to three international databases. In our review, the 

pooled prevalence of hypoxaemia was based on more than 100,000 observations, 

whereas the 2009-review reported the global prevalence based on around 18,000 

observations. The hypoxaemia prevalence reported in our review is somewhat 

similar to the estimates reported in another systematic review published in 2001. 

According to the 2001-review, the prevalence of hypoxaemia was 31% among 

children presenting with acute respiratory infections in the emergency settings, 43% 

among children with clinical pneumonia and 47% among hospitalised children with 

pneumonia (38). In our review, the overall prevalence was 31%, which was 33% 

among hospitalised children and 47% among children presenting in the emergency 

department with signs of clinical pneumonia. In contrast, the 2009-review reported 

an overall prevalence of 13%, which was substantially lower than that of all relevant 
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estimates reported in the 2001-review and our review (9, 38). Moreover, the 2009-

review reported a hypoxaemia prevalence of less than 10% among children with 

pneumonia in the African region, which was much lower than the prevalence 

estimates (28% to 57%) reported in most of the recent studies coming out of the 

same region, such as Ethiopia, Mozambique, Nigeria, Senegal and Sudan (39-45). 

Another reason for the relatively high prevalence of hypoxaemia reported in our 

review could be the proportional contribution of hospitalised and young children 

presenting in the emergency and inpatient departments in the overall sample (46). 

It is more likely that these cases will be more severe, and consequently have a higher 

prevalence of hypoxaemia. Lastly, the increasing availability and use of pulse 

oximetry in LMICs may explain the high prevalence of hypoxaemia reported in our 

review. A study found that the hypoxaemia prevalence among children hospitalised 

with pneumonia increased from 6% to 48% after the health system strengthening 

and promoting the use of pulse oximetry on all eligible children in 12 district hospitals 

in Nigeria (47). The programmatic advancement regarding the routine assessment of 

oxygen saturation and an overall emphasis on oxygen security may have led to a 

higher level of detection of hypoxaemia than before (48, 49). These variations could 

possibly explain the difference that was observed between the hypoxaemia 

estimates in the two reviews.    

Rapid identification of hypoxaemia supplemented by oxygen therapy can 

substantially reduce the burden of pneumonia-related deaths and potentially 

facilitate the journey towards achieving the ambitious 2030 SDG target (50). In this 

systematic review, I reported a high prevalence of hypoxaemia among children with 
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pneumonia in the LMIC context. The prevalence was particularly high among 

hospitalised children and children with severe pneumonia. These findings highlight 

the importance of investing in the overall oxygen security by introducing pulse 

oximetry at all points of contact with the health system supported by continuous and 

adequate oxygen support even in low resource settings. It will require global 

leadership, regional ownership, and country stewardship to establish a cost-effective 

oxygen system and a culture for promoting oxygen security at all levels of the health 

system.  

10.1.2  What is the burden of hypoxaemia among children with 

pneumonia in Bangladesh? 

Health care providers in outpatient or inpatient settings in public health facilities in 

Bangladesh do not routinely conduct pulse oximetry assessments on children. Most 

of the evidence related to the burden of hypoxaemia in Bangladesh is from the 

controlled environment of clinical research settings (51). Moreover, these studies 

are often conducted with relatively a small sample size within a short duration. After 

successfully demonstrating the effectiveness of a locally made bubble CPAP, pulse 

oximetry was introduced as a part of the routine assessment in icddr,b Dhaka 

Hospital in 2014 (52). I conducted a secondary analysis using this data, which 

included 2,646 children aged 2-59 months admitted with WHO-defined severe 

pneumonia between 2014 and 2017. The overall prevalence of hypoxaemia was 40% 

(95% CI, 39 to 43) upon admission. Hypoxaemia was found as one of the strongest 

predictors of mortality, need for referral to a higher-level facility and longer duration 

of hospital stay in our analysis.  
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I reported the prevalence of hypoxaemia based on data extracted from a secondary 

level non-government hospital situated in Dhaka, the capital of Bangladesh. Dhaka 

is one of the most densely populated and polluted cities in the world (53). According 

to the Air Quality Index, Dhaka is ranked as one of the worst cities in the world (54). 

Since several environmental factors, such as congested living conditions and air 

pollution, are strongly associated with the high burden of pneumonia and related 

complications, the children admitted to icddr,b Dhaka Hospital with severe 

pneumonia may not be representative of the children with similar clinical 

classification from other districts in Bangladesh. The hospital provides treatment to 

approximately 200,000 patients annually, of which more than half are children 

under-5 years of age (55). Although diarrhoea is the primary entry point for 

admission to this hospital, it has a long history of providing respiratory care to 

children and maintains a reasonably high standard of care pertaining to pneumonia 

management and oxygen therapy. Therefore, icddr,b Dhaka Hospital can be 

functionally considered a specialised paediatric hospital. Although most of the 

patients seeking care from this hospital are from the lower-socioeconomic 

background, I acknowledge the limitation regarding the national representativeness 

of icddr,b Dhaka Hospital as its context, capacity and environment are different from 

that of public and private hospitals in other districts. The patients seeking care from 

public health centres and the first level referral hospitals, particularly in rural 

settings, are expected to be different from patients seeking care from icddr,b Dhaka 

Hospital. From this study, I also could not assess the level of hypoxaemia among non-

hospitalised children. Future studies should assess the hypoxaemia burden among 
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hospitalised and non-hospitalised children in different public and private health 

facilities in other districts to report a more representative national estimate.  

I conducted the secondary analysis with children aged 2-59 months who were 

admitted to the special care ward of the hospital. At icddr,b Dhaka Hospital, all 

admitted children are kept in the short stay ward for the first 24 hours. Most of them 

are discharged within the first 24 hours after initial management. The rest of them 

are transferred to the special care ward. Hence, the children included in our analysis 

are expected to be suffering from more severe pneumonia, which requires a longer 

duration of hospital stay. As I have previously discussed, most of the patients seeking 

care from icddr,b Dhaka Hospital are of lower socio-economic conditions. Although 

many children with cough and difficulty in breathing receive treatment from icddr,b 

Dhaka Hospital, a large proportion of the children included in our analysis had 

diarrhoea as comorbidity since it is a specialised hospital for diarrhoeal disease 

management. It is important to note that diarrhoea-associated pneumonia patients 

will have higher comorbidity than other pneumonia patients (56). Hence, these 

children may not be an accurate representation of the whole population of interest, 

which is children with pneumonia and severe pneumonia irrespective of their 

comorbidity status.  

At icddr,b Dhaka Hospital, on-duty nurses conducted the pulse oximetry assessments 

as a part of routine clinical assessments. Since I conducted a secondary analysis, I 

had limited information regarding the attainment, retention, and standardisation of 

these nurse’s pulse oximetry-related knowledge and skills. I also had limited 
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information regarding the steps followed by the on-duty nurses while conducting 

pulse oximetry assessments and the accuracy of interpreting the SpO2 reading while 

identifying hypoxaemia. I acknowledge that these assessor-related factors can 

influence the SpO2 reading through pulse oximetry assessments (57). However, pulse 

oximetry was introduced as a part of routine assessment after the successful 

demonstration and testing of a locally made bubble CPAP for managing severe 

pneumonia in icddr,b Dhaka Hospital (52). The nurses and the other hospital staff 

were well-trained and well-motivated regarding pulse oximetry assessments and 

oxygen therapy. All of them received the same training and on-site supervision from 

medical officers and consultants. Therefore, I do not anticipate a major concern 

regarding the validity and reliability of pulse oximetry assessments conducted by the 

on-duty nurses.   

The on-duty nurses conducted the pulse oximetry assessments using paediatric 

probes with various models of handheld devices, such as OxiMax N-600; Nellcor, 

Boulder, CO, USA. The accuracy and reliability of SpO2 reading through pulse 

oximetry assessments vary by device characteristics and specifications and the 

design and materials used for the pulse oximetry probes (25, 26). I did not have 

enough information to assess whether the prevalence of hypoxaemia differed by the 

pulse oximetry device models. However, in chapter 8, I showed that although there 

were some variations in performance time of conducting pulse oximetry 

assessments using different models of Food and Drug Administration (FDA) 

approved pulse oximetry devices, the agreement level for detecting hypoxaemia 

(SpO2<90%) remained relatively consistent across trained assessors. This gave me 
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confidence in the accuracy of the measurements and hypoxaemia estimates 

generated through this analysis.  

I extracted the data from the routine inpatient records of icddr,b Dhaka Hospital. I 

acknowledge that there can be issues with the accuracy of data extracted from 

routine records (58-60). However, icddr,b Dhaka Hospital hosts many clinical 

research studies and has a history of generating high-quality evidence through its 

research and routine services. There is a high level of data awareness and data 

culture among all clinical and administrative staff at icddr,b Dhaka Hospital. Hence, I 

feel reasonably confident regarding the accuracy of data extracted from the routine 

records. 

I reported the prevalence of hypoxaemia based on the WHO recommended cut-off 

of SpO2<90%. However, children with a SpO2 status between 90% and 92% are also 

at increased risk of death and other adverse outcomes than those with a SpO2>92% 

(32, 33). I could not report the prevalence using a higher cut-off, such as 92%, due to 

the unavailability of data. Moreover, hypoxaemia can be a transient phenomenon, 

and SpO2 status can change after initial stabilisation (39). I reported the prevalence 

of hypoxaemia based on the SpO2 status on admission, which may be corrected using 

rapid management and oxygen support (3). I could not assess the frequency of 

transient hypoxaemia incidences in our analysis.   

I conducted multivariable logistic regression to assess the effect of hypoxaemia on 

death during hospital stay and the need for referral to a higher-level facility after 

adjusting for the effect of some of the confounders and covariates. Unfortunately, I 
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had data only for a small number of variables related to the children’s background 

characteristics and clinical conditions. I could not control for the effect of several 

potential confounders identified through the literature review (38, 61, 62). Also, I did 

not perform any goodness of fit test, such as the Hosmer-Lemeshow test which  is 

the widely used goodness of fit test for logistic regression, especially the risk 

prediction models (63). I identified the variables which significantly explained the 

effect of hypoxaemia on adverse outcomes. Therefore, the model is expected to 

show evidence of adequacy from the conventional goodness of fit tests. Moreover, 

around 6% of children left against medical advice, and we did not have any 

information regarding their outcome, i.e., death, referral out. Therefore, I treated 

them as missing values in the regression analyses. I compared the background 

characteristics and the clinical condition of these children (loss to follow up) with 

those included in the analysis and did not find any notable difference. Hence, I 

believe the loss to follow-up cases did not have any significant impact on the overall 

results and their interpretations.  

I extracted data of all children admitted to icddr,b Dhaka Hospital with severe 

pneumonia between 2014 and 2017 in my analysis. I found that the prevalence of 

hypoxaemia increased over time during this period. I reported the average annual 

rate of growth using the exponential growth equation. I acknowledge the limitation 

of this approach as it does not address the issues with autocorrelation and 

stationarity. I conducted a post-hoc analysis adopting the time-series approach and 

observed a similar trend of increase (64). Future studies may include more advanced 
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models and time-series analysis (ARIMA, SARIMA, etc.) with more data points to 

report the trend in the prevalence of hypoxaemia with a more robust estimate.  

This study reported a high burden of hypoxaemia among children hospitalised with 

severe pneumonia in a secondary level specialised non-government hospital in 

Dhaka, Bangladesh.  The high prevalence emphasised the need for rapid 

identification and management of hypoxaemia through adequate supply and 

appropriate use of oxygen at the national level. Pulse oximetry should be introduced 

as a part of the routine assessment for providing paediatric inpatient care. A 

strengthened hypoxaemia management system with oxygen security may contribute 

in averting a significant proportion of pneumonia-related deaths in Bangladesh. 

However, it is also important to acknowledge that a large number of children with 

pneumonia arrive in the health facilities with advanced hypoxaemia and related 

complications, which would require additional support beyond antimicrobials and 

oxygen therapy to prevent fatality.  

10.2 UNDERSTANDING THE CONTEXT OF MANAGING CHILDREN WITH 

PNEUMONIA, INCLUDING HYPOXAEMIA IN BANGLADESH 

The policymakers and stakeholders in Bangladesh acknowledged the importance of 

having an in-depth understanding of the context of childhood pneumonia and its 

management in Bangladesh. It would help them formulate the best strategy for 

introducing and integrating pulse oximetry into routine practice. The first evidence 

gap that was identified was related to the contribution of pneumonia among all 

under-5 deaths, the timing of death and care-seeking practice leading to these 

deaths. The second evidence gap was regarding the current health systems readiness 
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for managing pneumonia through outpatient services, mainly focusing on the 

essential equipment and logistics, including pulse oximetry devices.   

10.2.1 What is the context of childhood pneumonia-related deaths in 

Bangladesh? 

The last (before I updated the estimate) national estimate regarding the causes of 

under-5 deaths was based on the 2011 Bangladesh Demographic and Health Survey 

(BDHS) (2). In addition, there was a more recent estimate on pneumonia-related 

deaths, but it was based on a study conducted in one peri-urban sub-district (65). 

Hence, I used the most recent round of BDHS (2017-18) and performed a secondary 

analysis to address the evidence gap (66). In chapter 5, I reported that pneumonia 

was the “ma or killer” among children, as it accounted for 19% of all under-5 deaths 

(67). The cause-specific mortality rate due to pneumonia was 8.5 per 1,000 live 

births, causing approximately 24,268 (95% CI, 21,626 to 26,695) deaths each year in 

Bangladesh. I observed that, unlike other major causes such as prematurity, low birth 

weight and birth asphyxia, which are predominantly a concern during the neonatal 

periods, pneumonia is one of the major killers among all sub-groups, i.e., neonates, 

infants (1-11 months) and children (12-59 months). I also found that more than 90% 

of the children who died due to pneumonia came in contact with the health system 

at some time point before death.  

The secondary analysis was based on BDHS 2017-18 survey, which adapted an 

internationally recognised survey design, sampling, and methodology (68). All the 

tools used in BDHS 2017-18 were validated, adapted to the local context, translated 
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into Bangla and pre-tested. Specially trained data collectors conducted verbal 

autopsy interviews through follow-up visits to the households of the deceased 

persons. The verbal autopsy questionnaire was adapted from the standardised and 

validated WHO 2016 and BDHS 2011 verbal autopsy instruments (66). A national 

advisory group constituted by verbal autopsy experts supervised the country 

adaptation, translation and pretesting of the questionnaire. Trained physicians 

reviewed the completed verbal autopsy forms and assigned the cause of death based 

on ICD-10 codes. Moreover, before BDHS 2017-18, Bangladesh conducted another 

seven rounds of BDHS in 1993-94, 1996-97, 1999-2000, 2004, 2007, 2011, and 2014. 

BDHS 2004 and 2011. Adaption of internally recognised and validated design, 

methods and tools, and collective experience of the team involved in multiple rounds 

of DHS in Bangladesh gives me confidence regarding the quality of data and national 

representativeness of the cause of death estimates generated through our analysis.  

BDHS 2017-18 was conducted with a nationally representative sample which 

covered the entire population residing in non-institutional dwelling units of the 

country. The Bangladesh Bureau of Statistics has a list of enumeration areas based 

on the latest Population and Housing Census round conducted in 2011. BDHS 2017-

18 considered each of the enumeration areas as a primary sampling unit. In the first 

stage of sampling, 675 enumeration areas were selected from all eight 

administrative divisions based on the probability proportional to size approach. 

Among these, 250 were in urban areas, and 425 were in rural areas. All households 

of the selected enumeration areas were independently listed. On average, each 

enumeration area had around 120 households. In the second stage of sampling, 30 
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households were selected from each enumeration area, adopting a systematic 

sampling approach. A total of 20,250 households were selected through this 

approach. All ever-married women aged 15-49 years were approached for interviews 

from the selected households. From the surveyed households, 20,376 eligible 

women were identified, of which 20,127 were successfully interviewed. These 

women reported giving birth to 8,709 babies in the last five years, of which 456 

children had died before completing their fifth year of life. The mother or the primary 

caregiver of all deceased children were approached, and around 99% of them were 

successfully interviewed. Based on this rigorous sampling design, I feel confident that 

the cause-specific mortality fraction of pneumonia reported through our analysis 

was nationally representative. However, I acknowledge that BDHS 2017-18 did not 

include ever-married women aged 50 years and above who may be still active in their 

reproductive lives. Hence, there is a possibility that some of the under-5 deaths were 

missed through this sampling approach. However, women aged 50 years and above 

constitute a negligible proportion of the annual birth cohort of Bangladesh. It is 

highly unlikely that the exclusion of these women would bias the overall estimates 

regarding pneumonia-related mortality in Bangladesh. BDHS 2017-18 also did not 

include and refugee populations (such as the Rohingyas from Myanmar). However, 

the objective of BDHS 2017-18 was to generate a national estimate focusing on the 

Bangladeshi citizens only. Although the BDHS 2017-18 sampling strategy had a 

representation of urban slums, it is likely to have missed other types of floating 

populations. I acknowledge that the pneumonia-related mortality rate and mortality 

fraction are expected to be higher among these vulnerable populations. However, 



 

Chapter 10: page 391 

 

most of the floating population in Bangladesh is concentrated in a few big urban 

cities and constitutes a very small proportion of the overall population. Hence, it is 

improbable that their exclusion would substantially impact the overall estimates.     

According to our analysis, pneumonia accounted for 19% of all under-5 deaths in 

Bangladesh. I would require a minimum sample size of 236 to report such a 

prevalence with 5% sampling error margin and 95% CI. Therefore, the number of 

under-5 deaths identified in BDHS 2017-18 (n=456) was much larger than the 

required sample size to report the cause-specific mortality fraction of pneumonia 

with an acceptable error margin. In addition to the cause-specific mortality fraction, 

I also reported the pneumonia-specific mortality rate (deaths per 1,000 live births) 

based on 8,709 live births. Therefore, the estimate had a wide confidence interval 

and should be interpreted with caution, particularly the disaggregated estimates by 

socioeconomic characteristics. I also acknowledge that the timing of death and care-

seeking practice related estimates were based on 86 pneumonia-related deaths 

identified through physician reviews and had wide margins of error and should be 

interpreted with caution.  

In verbal autopsy interviews, information regarding the signs, symptoms and case-

seeking practices leading to the death is collected from a respondent who knows the 

most about the deceased person. Therefore, it heavily relies on the recall capacity 

and interpretations of the respondent. BDHS 2017-18 accepted a maximum recall 

period of five years for verbal autopsy interviews. Due to this long recall period, it is 

possible that the accuracy of information related to the history and clinical details of 
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the deceased children might be affected by recall errors. The verbal autopsy 

interviews were primarily conducted with the mother or the primary caregiver of the 

deceased child, who is expected to be emotionally connected and attached to the 

incident. Hence, the information reported by them might be influenced by potential 

recall bias. Moreover, pneumonia deaths among newborns may be difficult to 

distinguish from sepsis, which could have resulted in some misclassifications. Hence, 

the pneumonia-related mortality rate and fractions reported through our analysis 

could be an underestimation of the true burden.   

Some misclassification bias may have been introduced in our analysis assignment of 

cause of death based on physician review depends on the physician’s knowledge, 

training, and subjective interpretation (69). Although some automated verbal 

autopsy methods, such as Tariff, Random Forest and Simplified Symptom Pattern, 

perform better than the physician review method for hospital-based deaths after 

necessary adaptation with a high-quality training dataset, the physician review 

method is more effective for non-hospital-based community deaths (70-72). In 

Bangladesh, the majority of the deaths happen outside health facilities, and there is 

a lack of good training data to improve the validity of automated and computer 

coded verbal autopsy methods. Hence, I opted for the physician reviewed verbal 

autopsy method for assigning the cause of death in our analysis. BDHS 2017-18 

employed three physicians who received extensive training and standardisation on 

different aspects of the cause of death assignment process. Several measures were 

taken to standardise the knowledge of the physician and the cause of death 

assignment process.  Each physician reviewed a minimum of 30 BDHS 2011 verbal 
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autopsy questionnaires and assigned the cause of death during the training phase. 

The final review process (BDHS 2017-18) started after the physicians achieved >80% 

agreement level through their practice. Two physicians independently reviewed 

each verbal autopsy questionnaire. The physicians assigned the cause of death based 

on the online-2016-version of the International Classification of Deaths (ICD-10), 

allocating an underlying cause, a direct cause, and a contributory cause, where 

applicable. When two physicians agreed on an underlying cause of a child, it was 

considered the final cause of death for that child. In the absence of an agreement, 

an additional review was conducted by a third physician. If two out of the three 

physicians agreed on an underlying cause, it was considered the final cause of death. 

If no agreement was reached after the third physician review, the death was 

recorded as “undetermined.” In a few cases where two physicians assigned identical 

causes of death but disagreed on whether these were the direct or underlying 

causes, a supervised discussion was arranged to reconcile the differences. I 

presented the results in this paper is based on the underlying causes. In BDHS 2017-

18, the causes of death could not be determined for only 7 (1.5%) of U5 deaths. It 

was almost 3% in BDHS 2011 and 2.3% in BDHS 2004. The relatively lower proportion 

of deaths left undetermined after the physician review in BDHS 2017-18 signifies the 

quality of training and the standardisation process. Thus, I am reasonably confident 

regarding the validity and reliability of the physician determined causes of death and 

pneumonia-related estimates reported through our analysis.  

I primarily used descriptive statistics in this analysis, as they were appropriate and 

adequate to answer our research questions. I could not test any hypothesis to 



 

Chapter 10: page 394 

 

identify determinants or risk factors related to pneumonia-specific deaths as the 

sample size was insufficient for this. I projected the number of deaths due to 

pneumonia using the projected population size in 2015 based on the national census 

in 2011, crude birth rate from the 2015 Sample Vital Registration System (SVRS) 

report and the pneumonia-specific mortality rates reported in our paper (73, 74). I 

acknowledge that this estimate is based on some broad assumptions and 

approximates the true number of deaths with a wide uncertainty margin. 

Unfortunately, I could not conduct advanced modelling to generate a more robust 

and precise estimate due to time constraints and limited knowledge and skills 

regarding econometric modelling. In addition to pneumonia-related deaths, I 

reported the cause of death estimates for all major causes of death. It helped us 

present the burden of pneumonia-related deaths compared with other major 

causes.   

Although BDHS 2017-18 used a five-year recall period for generating mortality-

related estimates. Therefore, 2015 should be considered as the anchor year for the 

pneumonia-related mortality estimates reported by us. In Bangladesh, around 50% 

of under-5 deaths happen in health facilities, and the rate is increasing fast (2). 

Future studies can assess the coverage and validity of the medical certification of the 

causes of death for hospital-based deaths in Bangladesh and explore the feasibility 

of integrating the medical certification for hospital-based deaths and the verbal 

autopsy methods for non-hospitalised deaths for generating a more comprehensive, 

robust and accurate cause of death estimate (70). Lastly, estimates related to the 
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causes of death should be updated regularly, and up-to-date estimates should be 

used to reshape the policy, programme, and practice. 

10.2.2 What is the status of facility readiness regarding the availability 

of pulse oximetry for managing childhood pneumonia in Bangladesh? 

The second evidence gap regarding the context of pneumonia management 

identified through the stakeholder consultation was related to the current status of 

service availability and readiness of health facilities providing IMCI services in 

Bangladesh. This information is important for understanding the health systems 

needs and taking course corrective measures to improve the provision and quality of 

pneumonia management in health facilities. To address this gap, I conducted a 

secondary analysis using the publicly available Bangladesh Health Facility Survey 

(BHFS) 2017-18 data (75). Our analyses suggested substantial gaps in the readiness 

related to IMCI-based pneumonia management in public health facilities in 

Bangladesh. Pulse oximetry was available in only around one-third of the district 

hospitals, one-fifth of the sub-district hospitals and none of the union level facilities. 

I also reported that only one-fifth of facilities had a high-readiness score based on a 

list of equipment, drugs, and logistics essential for managing pneumonia.  

BHFS 2017-18 was conducted with a nationally representative sample of health 

facilities in Bangladesh. The survey adopted a stratified sampling approach, ensuring 

representation of all eight divisions (administration regions) and different types of 

registered health facilities. The six types of public health facilities included in this 

survey were district hospitals (DHs), mother and child welfare centres (MCWCs), 
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upazila (sub-district) health complexes (UHCs), union health and family welfare 

centres (UHFWCs), and community clinics (CCs). Additionally, some NGO clinics and 

private hospitals with 20 or more inpatient beds were also included in the sample. 

From each stratum, the facilities were selected randomly using a master list of 

facilities collected from MoHFW as a sampling frame. BHFS 2017-18 surveyed all DHs 

(62) and MCWCs (91), 141 of 421 UHCs , 713 out of 4,637 UHFWCs, 331 out of 13,211 

CCs, 123 out of 826 NGO clinics and 106 out of 563 private hospitals. In this survey, 

the data collection teams approached 1,600 facilities and successfully collected data 

from 1,524 of them. The non-response rate was less than 5%, which reduced the risk 

of selection bias in the overall estimate. Although the overall sampling approach 

adopted in BHFS 2017-18 was reasonably robust, there were some issues regarding 

the comprehensiveness of the sampling frame for NGO clinics and private hospitals. 

The list of public facilities was exhaustive, and I only focused on public facilities in 

our analysis while reporting the pneumonia-management related readiness. The 

survey used weighting to minimise sampling error while reporting the national 

estimates. The number of facilities selected for each type is weighted or adjusted so 

that each types of contribution to the overall estimate is proportionate to the actual 

distribution of such type of health facilities in Bangladesh. All of the approaches and 

measures mentioned above have made me confident that our findings are nationally 

and regionally (division) representative of all types of public health facilities in 

Bangladesh.  

I restricted our analysis to the facilities which are mandated to provide outpatient 

based IMCI services. According to the national IMCI programme, all DHs, MCWCs, 
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UHCs and UH&FWCs are responsible for providing facility-based IMCI services (76, 

77). Although CCs are often the first point of contact for rural communities and 

provide selective outpatient-based child curative care, they are not mandated to 

provide formal IMCI services. Hence, I did not include CCs in our analysis. I 

acknowledge that many children with severe and non-severe pneumonia may 

initially seek care from CCs and could benefit from the introduction of pulse oximetry 

there. Future research should focus on exploration of the needs and potential 

benefits of introducing pulse oximetry in CCs and revisit programme planning and 

responses accordingly. 

BHFS 2017-18 provides a cross-sectional picture of the surveyed facilities as it 

explored the availability and functionality of the required items on the day of the 

visit. The readiness may change over time. Therefore, the level of readiness reported 

through our analysis may not represent the overall status of IMCI services for a 

longer period of time. As information regarding the availability is self-reported by 

the facility representative, this may have introduced some information bias in our 

analysis. However, the data collectors physically verified the availability of required 

and essential items and assessed their functionality where applicable to minimise 

the information bias and reporting errors. 

The survey was implemented by the National Institute of Population Research and 

Training (NIPORT) with technical assistance from ICF International (USA) and icddr,b. 

All these organisations possess relevant capacity, expertise and experience for 

conducting nationwide household- and health facility assessment surveys, which 
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ensured the quality of the information obtained from this survey (2, 66, 75, 78-84). 

BHFS-2017 also used an internationally validated tool developed by The 

Demographic and Health Survey (DHS) Program (85). The tool was adapted to the 

context of Bangladesh in consultation with technical specialists and experts from the 

MOHFW, Directorate General of Health Services (DGHS), Directorate General of 

Family Planning Services (DGFP), and other key stakeholders knowledgeable about 

the health services and health sector programme priorities. This tool was pre-tested, 

and field tested before data collection. Furthermore, the data collectors used a 

specially developed data capture application, which minimised data capturing and 

entry related errors. BHFS 2017-18 employed 80 enumerators with medical 

background for data collection. Of them, 40 interviewers were medical doctors (as 

team leads) and 40 were paramedics. They received extensive training for three 

weeks, which included classroom lectures and discussions, practical demonstrations, 

mock interviews, role plays, and field practice. A central team was responsible for 

monitoring the quality of data collection through on-site visits and refreshers 

training. I believe that these steps played an important role in improving the validity 

and reliability of data used in our analysis.  

In this paper, I identified 1  items as ‘required’, which were categorised into four 

domains: A. staff, B. equipment, C. medicines and D. logistics & job aids. These items 

were identified through consultative workshops with the National IMCI Programme 

and IMCI experts of Bangladesh. Out of these 17 items, 14 were available, and three 

were absent in the BHFS 2017-18 tool. I identified proxy items (disposable syringe 

instead of insulin syringe or 5 cc syringe; monthly reporting form instead of I CI 
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reporting form) in the tool for two of the absent items. However, the availability of 

the IMCI referral form remained unexplored in our paper using this tool. The National 

IMCI Programme and IMCI experts also identified 10 items from the list of 17 

required items as essential for managing pneumonia based on the IMCI guidelines. 

The National IMCI Programme has already endorsed the list of required and essential 

items and integrated them in the national checklist for monitoring IMCI services. This 

is a step towards influencing the national policy and programme through our 

research and sensitisation activities. However, I acknowledge that these items were 

not internally validated and may change based on the context and priorities of other 

countries. I recommend conducting future studies to validate these items in different 

settings. Furthermore, the availability of certain items was not specific to the IMCI 

corner due to the design of the BHFS 2017-18 questionnaire. Therefore, I 

acknowledge the possibility of some misclassification as certain items which were 

not available in the IMCI corner but available in general outdoor or other 

departments were considered as available in the IMCI corner in our analysis. We 

recommend updating the tool for assessing pneumonia management readiness 

specific to IMCI corners or consultation rooms.     

In our analysis, I used the 10 essential items and categorised the facilities as 'poor 

readiness: score 0-4, 'moderate readiness: score 5-7 and 'high readiness: score 8-10. 

The scoring system was developed in consultation with National IMCI Programme 

and IMCI experts. I acknowledge that the scoring system was not validated and may 

not truly represent the overall quality of IMCI services in the selected facilities. I also 

reported the readiness of IMCI facilities regarding the oxygen delivery system in 
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addition to pulse oximetry. The other items that were reported for the oxygen 

delivery system readiness were the availability of an oxygen concentrator, oxygen 

cylinder with a flow meter, oxygen cylinder without a flow meter, and oxygen 

distribution system. Although these items are not enough to comprehensively assess 

the oxygen delivery system readiness, the findings revealed a critical gap regarding 

oxygen security in the surveyed facilities.  

I used descriptive statistics for reporting the availability and readiness for each item, 

which were further stratified by facility type, location and administrative divisions. I 

did not conduct any inferential analysis as it was not required to address our research 

questions. Also, I could not assess the gaps considering all the building blocks of the 

health systems as identified by WHO. I understand that some of the gaps in facility 

readiness are linked to some of the other building blocks, such as health financing 

and governance. I did not have sufficient data to investigate these root causes. For 

future studies, I recommend conducting predictive analysis using the health systems 

building blocks, and other contextual and environmental factors to identify key 

predictors of facility readiness for managing pneumonia based on the IMCI 

guidelines. Furthermore, I acknowledge the importance of keeping track of changes 

in facility readiness over time. This would help identify the gaps, take course 

corrective measures and assess the outcome of the response. Unfortunately, I could 

not conduct the trend analysis using the previously available BHFS data, which I 

recommend for future studies.  
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10.3 ASSESSING THE FEASIBILITY OF INTRODUCING PULSE OXIMETRY IN 

ROUTINE IMCI SERVICES 

Introducing pulse oximetry into the routine IMCI services in Bangladesh would 

require integrating the relevant recommendations, instructions, and provisions in 

the National IMCI Implementation Package. It will also require developing a district 

implementation model based on a health system strengthening approach and 

demonstrating its feasibility in real-life settings. Hence, the first evidence gap 

identified in this regard was related to documenting the process and synthesising the 

learnings of updating the national package and developing the district model of 

implementation. The second evidence gap was regarding the adequacy and 

appropriateness of the updated training package in imparting necessary skills to 

minimally trained assessors for efficiently conducting pulse oximetry assessments in 

a reasonably controlled setting. The third evidence gap was regarding the feasibility 

of introducing pulse oximetry in routine IMCI services using the updated 

implementation package and adopting the district implementation model in a real-

life setting.  

The above-mentioned evidence gaps were outlined by the national IMCI programme 

and IMCI experts of Bangladesh. Addressing these critical evidence gaps through 

rigorous designs and appropriate methods was expected to convince the 

policymakers to make informed decisions for the national scale-up and promote 

sustainability.      
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10.3.1 What is the process of integrating pulse oximetry in the national 

IMCI implementation package? 

I adopted a comprehensive approach for engaging stakeholders to integrate pulse 

oximetry into the National IMCI Implementation Package of Bangladesh and develop 

a district implementation model based on a health system strengthening approach. 

Here, I critically discuss some of the strengths and limitations of the stakeholder 

engagement process and focus on key learnings regarding what worked and what 

did not.   

I conducted an implementation research study to assess different aspects of the 

feasibility of introducing pulse oximetry in routine IMCI services in Bangladesh. 

Instead of considering stakeholder engagement as a stand-alone process, I included 

it as an integral component of the overall design. This approach of embedding the 

stakeholder engagement process in the broader discussions helped us fine-tune the 

general objective and specific research questions of the implementation research 

study based on the perspectives, priorities, and reflections of IMCI stakeholders in 

Bangladesh. It also contributed to promoting acceptance and developing a sense of 

ownership by key IMCI stakeholders regarding the findings of the implementation 

research study and its key recommendations.  

I developed a conceptual framework to guide the stakeholder engagement process, 

which included four steps: identity, sensitise, involve, and engage. The framework 

was adapted from a stakeholder engagement model jointly developed by WHO and 

World Economic Forum (WEF) in 2007 to prevent non-communicable diseases in the 
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workplace (86). However, there are some differences in the approach and 

implementation of the two frameworks. The WHO-WEF model considered all 

stakeholders as equal and promoted their equal engagement at all steps. On the 

other hand, I wanted to ensure country ownership, government leadership, and 

active participation of key stakeholders while integrating pulse oximetry into the 

National IMCI Implementation Package of Bangladesh. Therefore, I considered the 

government, particularly the National IMCI Programme of Bangladesh, as the most 

important stakeholder and emphasised their participation, leadership, guidance, and 

recommendations in all steps. Moreover, the WHO-WEF model proposes sensitising 

the champions and highly motivated representatives of stakeholders after the initial 

involvement. Our model aimed to sensitise as many stakeholders as possible in the 

sensitisation phase but involved a few stakeholders in the design and development 

phase, who were prioritised based on their power and interest levels. Lastly, the 

WHO-WEF model adopted an approach for repeated sensitisation of the selected 

stakeholders to retain their interest, knowledge and understanding. Unfortunately, 

I formally sensitised the stakeholders once, which is one of the limitations of our 

approach.  However, I prioritised a few stakeholders and ensured their continuous 

participation in the involvement and engagement steps. I believe that this approach 

helped retain the interest, knowledge and understanding of these key stakeholders 

regarding the importance of pulse oximetry in pneumonia assessment and 

management. I also acknowledge that there are several other models of stakeholder 

engagement that I could not adopt or adapt (87-91). The experience and outcomes 
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of our stakeholder engagement process could have been different had I adapted a 

different model.        

In the first step, I conducted a thorough desk review, interviewed key informants, 

and conducted focus group discussions to identify national-level and district-level 

stakeholders related to the IMCI implementation in Bangladesh. I also categorised 

them based on their power and interest levels. This exercise helped us understand 

the overall landscape and prioritise stakeholders for involvement in the subsequent 

steps, i.e., sensitise, involve and engage. The prioritisation was necessary to manage 

the process efficiently and ensure optimum use of minimum resources (92). I 

acknowledge that stakeholder’s power and interest levels are not static, but I 

categorised them based on a cross-sectional assessment of their power and interest 

levels. Although the mapping exercise included all national level stakeholders, I only 

focused on Kushtia district for identifying district-level IMCI stakeholders. Therefore, 

the list of district-level stakeholders may not be generalisable to other districts of 

Bangladesh. Lastly, the National IMCI Programme scored the power and interest 

levels of stakeholders based on a ten-point Likert scale (93). Although I 

independently involved the Programme Manager and all Deputy Programme 

Managers of the IMCI Programme in the scoring process, I acknowledge the issues 

regarding potential misclassifications due to their subjective interpretation and 

reporting bias.  

In the second step, I sensitised all stakeholders with high interest-low power, high 

power-low interest, and high power-high interest. I organised separate meetings at 
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national, district and facility levels. I also contextualised the contents of the 

sensitisation materials and their mode of delivery based on the roles and 

involvement of meeting participants in IMCI services. I believe that targeting the 

national, district and facility level stakeholders separately and contextualising the 

sensitisation materials helped us effectively communicate with the stakeholders and 

generate a higher level of acceptance regarding pulse oximetry. However, it is 

essential to note that continuous sensitisation is critical to ensuring the sustainability 

of an idea or an intervention (94). I could not adopt a repeated sensitisation 

approach for the high power-low interest and high interest-low power stakeholders 

due to time and resource constraints.  

In the third step, I involved five national-level stakeholders with high power-high 

interest and six district-level stakeholders with high power-high interest in updating 

the National IMCI Implementation Package of Bangladesh and developing the 

district implementation model with an implementation plan. In the fourth step, I 

engaged them in implementing the updated package in a real-life setting. Our 

involvement and engagement approach promoted government leadership 

throughout the process. I also ensured the active participation of national-, district- 

and facility-level stakeholders in the design, development, and implementation of 

the district model. I also followed a top-down approach to outline the overall 

implementation plan and a bottom-up approach to finalise the details with feedback 

from frontline health care providers and their supervisors. These approaches of 

inclusiveness may have contributed to developing a sense of ownership regarding 

the use of pulse oximetry in pneumonia assessment and classification. Moreover, 
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the involvement and engagement of government managers and frontline health 

workers (IMCI service providers) ensured that the district model adopted a health 

system strengthening approach and the implementation of this model was feasible 

through the routine system and structures. In addition to these strengths, I want to 

acknowledge some of the limitations of this approach. I involved only the 

stakeholders with a high power-high interest in these steps. Since I did not involve 

or engage with the stakeholders with high interest-low power, I might have missed 

some important and relevant technical feedback from them. Similarly, since I did not 

involve or engage with the stakeholders with high power-low interest, they could 

have used their power to create obstacles and barriers in the update process and its 

subsequent implementation. For example, the Directorate General of Family 

Planning (DGFP) Services is a high-power stakeholder since they manage an 

extensive network of union-level health centres in Bangladesh. The majority of DGFP 

managed health centres also provide curative child-care. Unfortunately, DGFP 

programme managers and district managers showed minimum interest in improving 

IMCI services in Bangladesh. Therefore, I did not involve them in developing the 

district implementation model or engaged with them in implementing the model in 

Kushtia district. Although I did not receive any negative feedback or impediments 

from DGFP during the development and implementation of the model, their 

acceptance and participation would be crucial for the national scale-up of pulse 

oximetry.  

I acknowledge that stakeholder engagement is a context-driven and iterative 

process. Hence it requires firm commitment from the donor and the facilitating 
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organisation regarding the investment of inputs, efforts, and resources. In chapter 7, 

I summarised the inputs and activities of our stakeholder engagement process. 

Fortunately, the donor of this study highlighted stakeholder engagement as a 

fundamental part of transitional research and allocated a ring-fenced budget for it. 

However, the budget was not enough to undertake all relevant activities. Hence, I 

had to share some of the direct implementation costs with stakeholder engagement 

related activities to accommodate the shortfall. It is important to learn for future 

studies envisioning engaging stakeholders for changing policy and programmes. It 

will require having a common vision and understanding between the donor and the 

implementing agency regarding the aim, timeline, and resource requirements. It will 

also require extensive planning and the flexibility to change the plan based on the 

context and stakeholder’s preferences, requirements and guidance. 

The role of the organisation in facilitating the stakeholder engagement process is 

critical for achieving the intended outcomes. In our study, icddr,b facilitated the 

entire process under the leadership of the National IMCI Programme of Bangladesh. 

icddr,b, an international health research organisation has a long history of working 

with the Government of Bangladesh in finding innovative, effective, and affordable 

solutions to some of the most pertinent public problems and issues nationally and 

globally. icddr,b has several experiences of integrating its innovations into policies 

and programmes and facilitating the process of national and geographical scale-up 

(95, 96). icddr,b and the Government of Bangladesh are also collaborating on 

multiple health systems strengthening initiatives, many of which are focusing on 

improving child survival and quality of care. Finally, icddr,b has unparalleled 
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experience and achievements regarding introducing and scaling up of IMCI services 

in Bangladesh. icddr,b was involved with the multi-country evaluation of IMCI in 

1998 and spearheaded the study in Bangladesh (97). The findings of that study 

helped the Government of Bangladesh take evidence-based decisions regarding 

national introduction, routine service integration and scale-up. icddr,b continued its 

support by providing technical assistance throughout the scale-up phase. 

Additionally, the Principal Investigator (myself) and Co-Principal Investigator of this 

study are members of the National Technical Working Committee for Newborn 

Health and the National Technical Working Committee for IMCI in Bangladesh. These 

are the highest-level technical committees in Bangladesh, where the members are 

selected based on their expertise, experience, contribution and leadership in 

newborns and child health in Bangladesh. Our memberships allowed us to have a 

unique position and power to influence relevant policies and programmes. 

Therefore, the technical capacity, position, and power of icddr,b contributed 

substantially to gaining access, acceptance, and trust among key stakeholders 

regarding its advocacy to introduce pulse oximetry in routine IMCI services in 

Bangladesh. The experience of icddr,b has also helped organise and manage the 

stakeholder engagement process efficiently.      

10.3.2  Can health care personnel successfully and efficiently conduct 

pulse oximetry assessments with minimum training? 

The National IMCI Programme of Bangladesh decided to introduce pulse oximetry in 

routine IMCI services to identify hypoxaemia among children presenting with cough 

and difficulty breathing. A national committee was formed with IMCI experts to 
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integrate pulse oximetry in the National IMCI Implementation Package. The 

committee updated the Bangladesh adapted version of the IMCI Chart Booklet based 

on WHO’s most recent recommendation (IMCI Chart Booklet 2014) and added a 

short (one-day) training module on pulse oximetry to the existing training package. 

The national programme and the national committee wanted to assess the adequacy 

of the newly developed pulse oximetry training module before finalising and training 

the IMCI service providers in routine settings. 

I adopted an observational design where we recruited nurses and paramedics who 

received training based on the newly developed training module and conducted 

pulse oximetry assessments on children admitted to the paediatric inpatient ward of 

Kushtia District Hospital. Each of the children was assessed with both Masimo and 

Lifebox pulse oximetry devices. Pulse oximetry performance, i.e., success rate in 

obtaining a stable SpO2 reading and performance time to obtain a stable SpO2 

reading, was measured by independent assessors through structured observations. 

Our study concluded that minimally trained heath care personnel could successfully 

conduct pulse oximetry assessments with a reasonably short performance time with 

some variations by various device-related, provider-related and patient-related 

factors. The evidence generated through this study guided the National IMCI 

Programme in finalising the training modules before assessing the feasibility of 

introducing pulse oximetry in routine IMCI services. It also helped set benchmarks 

for pulse oximetry performance (success rate, performance time) and appropriate 

choice of pulse oximetry devices in routine clinical settings.   
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The National IMCI Programme decided to train the IMCI service providers using a 

short training module on pulse oximetry. Hence, I had to conduct an observational 

study to assess its adequacy. I could not justify adopting a design with appropriate 

controls or comparators (with no training on pulse oximetry). I acknowledge the 

limitation of directly attributing the pulse oximetry performance (success rate, 

performance time) reported in our study to the training. Moreover, there were two 

parts of the training: theoretical and practical. I do not know the attributable 

contribution of different parts of the training on pulse oximetry performance. Future 

studies can specifically look at the attributable contribution of training on pulse 

oximetry performance and identify the optimum duration of training for achieving 

an acceptable success rate and performance time.     

I conducted the study in Kushtia District Hospital. Kushtia District was pre-selected 

for implementing the district model and feasibility assessment (Chapter 8). 

Moreover, we also involved and engaged the key stakeholders of Kushtia in updating 

the national implementation package and developing the district implementation 

model (Chapter 8).  Therefore, it required less time and investments to access the 

health facilities and sensitise the facility managers and healthcare providers to 

conduct this adequacy study. Kushtia District Hospital is a secondary level referral 

facility with 250 inpatient beds. The infrastructure, service availability, readiness and 

case mix of patients treated in Kushtia District Hospital are comparable to most other 

district hospitals in Bangladesh. I enrolled the children from the paediatric inpatient 

department, whereas IMCI is designed to be selectively delivered through outpatient 

services. I acknowledge that the case mix and severity of the children receiving 
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outpatient based IMCI services differ from those hospitalised for inpatient care. Our 

study required conducting two pulse oximetry assessments on each child by study 

recruited assessors, which was not feasible in the IMCI consultation room in the 

outpatient department due to space constraints. Also, the National IMCI Programme 

wanted to introduce pulse oximetry in routine IMCI services and assess its feasibility 

after finalising the training module based on the findings of this study. Hence, 

conducting the adequacy study in IMCI settings was not operationally justifiable. I 

acknowledge that I could not explore the influence of environmental factors, such as 

patient load and space constraints, on the pulse oximetry performance through this 

study, which was later explored through the feasibility study (Chapter 8).  

Pulse oximetry assessments were conducted on children aged 2-59 months who 

were admitted to the paediatric inpatient department of Kushtia District Hospital. I 

excluded children with unconsciousness, active bleeding and drowning since they 

required urgent medical interventions, which were not directly dependent on SpO2 

measurements. Furthermore, I enrolled the children for pulse oximetry assessments 

immediately after admission and initial stabilisation when needed. Therefore, some 

of the children already received some medications for initial stabilisation before 

conducting the pulse oximetry assessments. This could have influenced the pulse 

oximetry performance of the study recruited assessors, which I could not control in 

our analysis.   

In Bangladesh, IMCI services are provided by doctors, nurses and paramedics. I 

recruited nurses and paramedics to conduct pulse oximetry assessments since most 
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of the IMCI services are provided by them. Moreover, a doctor would likely have 

previous exposure to pulse oximetry during their internship in different 

departments, including anaesthesia and ICU. Although I recruited nurses and 

paramedics with the equivalent academic qualifications to government-appointed 

nurses and paramedics, the study recruited nurses and paramedics might have a 

higher level of enthusiasm, motivation, and accountability, which could have 

influenced their pulse oximetry performance positively. The study nurses and 

paramedics went through a competitive recruitment process, ensuring that they 

were academically more sound and professionally more experienced. This may have 

also worked in favour of them while conducting the pulse oximetry assessments and 

demonstrating their performance.    

I extracted the data from routine hospital records to collect information regarding 

the children’s background characteristics and clinical details. I acknowledge the 

limitations regarding the standardisation, completeness and validity of hospital 

records in Bangladesh and other LMICs (98). This could have introduced some 

misclassification errors in our analysis and interpretation. Moreover, the limited 

availability of personal and clinical information in the hospital records did not allow 

us to conduct disaggregated analysis by various comorbid conditions, such as specific 

diagnosis and spectrum of pathologies causing the disease, while reporting the pulse 

oximetry performance. I could have undertaken independent interviews and 

conducted clinical assessments to collect the required information. However, I did 

not do that as I did not want to interfere with the inpatient department’s existing 

system and documentation practice.  
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I appointed independent observers to assess the pulse oximetry performance of the 

study and recruited nurses and paramedics. The observers received extensive 

training on pulse oximetry and structured observation, including theoretical and 

practical sessions. I also set the operational definitions of pulse oximetry 

performance before data collection. Success was defined as obtaining a stable SpO2 

reading (±1% SpO2 reading for at least 10 seconds) with adequate signal strength 

(four or more out of five) through pulse oximetry assessments. An assessment was 

considered unsuccessful if the signal strength was inadequate and they could not 

establish a stable SpO2 reading within three minutes. Performance time was defined 

as the time (measured in seconds) to obtain a stable SpO2 reading with adequate 

signal strength through pulse oximetry assessments. The operational definitions 

were set in consultation with the National IMCI Programme of Bangladesh based on 

operational feasibility and programme relevance. I oriented the observers regarding 

these operational definitions. The operational definitions were also printed on the 

data collection tools as visual reminders to the observers. The supervisors organised 

weekly review sessions with the observers to discuss different aspects of data 

collection, including the operational definitions of pulse oximetry performance. All 

observations were done by either of the two observers, which further minimises the 

chance of having significant inter-observer variations. I believe that these measures 

have improved the quality of data collected by the independent observers. However, 

I acknowledge that the observers still could have a subjective bias in their 

interpretation of obtaining a stable reading and adequate signal strength. I could 

have employed two observers to independently assess the pulse oximetry 
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performance of each assessment and report the level of agreement. However, I 

could not adopt this approach due to limited resources. 

The observers collected information regarding performance time using digital 

stopwatches, which may have introduced some measurement errors. I could have 

minimised this error by using a specially designed android-application for capturing 

multiple events with timestamps through structured observations (99). However, it 

takes a considerable amount of time to develop a customised application of this 

nature. The National IMCI Programme of Bangladesh requested us to complete the 

study in the shortest possible time since the finalisation of the pulse oximetry 

training module, and the national implementation package was dependent on it. 

Therefore, I could not do it due to time and budgetary constraints. I tried to 

overcome these limitations in the feasibility study (discussed in Chapter 8)  

The National IMCI Programme and the committee formed to update the National 

IMCI Implementation Package of Bangladesh explored the availability of various 

pulse oximetry devices available in the national and global market. Finally, they 

shortlisted the Masimo and Lifebox devices based on their technical specifications 

and performance reported in various reports and journal articles. The assessors 

(nurses or paramedics) conducted two pulse oximetry assessments on each of the 

children. One of the assessments was conducted with the Masimo device, and the 

other assessment was conducted with the LifeBox device. I instructed the study 

recruited assessors to use the devices alternately while conducting pulse oximetry 

assessments. If an assessor used the Masimo device for the first (out of the two) 



 

Chapter 10: page 415 

 

pulse oximetry assessment of a child, he/she would use the LifeBox device for the 

first pulse oximetry assessments of the subsequent child. Thus, I wanted to minimise 

the effect of selection bias originating from the subjective preference of the 

assessors towards a particular device.      

I only assessed the success rate and performance time regarding the pulse oximetry 

performance. I acknowledge that there are other aspects of pulse oximetry 

performance, such as fidelity (adherence to Standard Operating Procedure) and 

accuracy (SpO2 measurements and hypoxaemia status). However, I did not check 

those variables as the national committee suggested focusing on the success and 

timing of using pulse oximetry in this study and conducting a more expanded 

assessment of pulse oximetry performance in the feasibility study in routine settings 

(Chapter 8). 

I also acknowledge that the structured interview tool for barriers and operational 

challenges of using pulse oximetry was developed based on a qualitative exploration, 

which could not be validated. In addition, the sample size was not adequate to have 

conclusive interpretations regarding obstacles and operational challenges. 

The nature of the distribution of the data can be assessed through various graphical 

and numerical methods. The graphical methods include Stem-and-leaf plot, Box-

plot, Histogram, P-P plot and Q-Q plot (100). The numerical methods include Shapiro-

Wilk test, Shapiro-Francia test, Anderson-Darling test, Kolmogorov-Smirnov test, 

Lilliefors test and Skewness Kurtosis test (100). At first, I visually inspected the 

normality of the distribution of performance time through histograms. Then, I 
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checked the normality of the distribution using the Shapiro-Wilk test (101). I used 

the Shapiro-Wilk test as it has the highest power over other numerical tests and 

better fit the data, which was positively skewed with long tails (101). Since the 

performance time data was non-normally distributed, I presented the central 

tendency through the median with an interquartile range. I also reported the median 

performance time by device-related factors (type of pulse oximetry device), 

provider-related factors (age, sex and designation of assessor) and patient-related 

factors (age, sex, weight for age of the children, on-admission 

diagnosis/classification) through boxplots. I had two pulse oximetry assessments for 

each child, i.e., one by the Masimo device and the other by the LifeBox device. 

Therefore, I considered them as paired observations and performed the non-

parametric Wilcoxon Signed Rank test to check whether the median performance 

time varied by device characteristics. I considered the rest of the provider-related 

and patient-related factors as non-paired observations. Therefore, I performed the 

non-parametric Wilcoxon Ranksum test (also known as the Mann-Whitney test) to 

assess whether the median performance time varied by these factors. I also 

performed the non-parametric  ood’s  edian test to test the equality of two 

medians and did not find any difference in the overall findings (102). I recruited 11 

nurses and seven paramedics to conduct pulse oximetry assessments in this study. I 

acknowledge that the pulse oximetry performance may vary by assessors. Hence, I 

reported the median performance time taken by each assessor and presented them 

through radar plots. In addition, I used the Kruskal Wallis test to assess whether 

there were any differences in the median time taken by each assessor. The Kruskal 
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Wallis one-way ANOVA is a non-parametric method for comparing more than two 

independent samples. It is roughly equivalent to a parametric one way ANOVA with 

the data replaced by their ranks (103) I have also reported the heterogeneity 

statistics for reporting the variation of performance across the assessors.  

I also reported the success rate of obtaining a stable SpO2 reading by different time 

cut-offs, such as ≤20 seconds, ≤30 seconds, ≤40 seconds, ≤50 seconds, ≤60 seconds, 

≤90 seconds and ≤120 seconds. According to the IMCI guideline, a health care 

provider should count the respiratory rate for a full one minute. The National IMCI 

Programme wanted to align the pulse oximetry related recommendations with 

counting the respiratory rate. Therefore, they selected ≤60 seconds as the cut-off 

with programmatic importance. I wanted to assess the influence of various device-

related, provider-related, and patient-related factors on the success rate of 

obtaining a stable SpO2 reading ≤60 seconds. Since I have two pulse oximetry 

assessments per child, the assessments were not independent of each other. 

Moreover, each assessor conducted multiple pulse oximetry assessments in this 

study, which were internally correlated. Hence it violates the assumption of 

independent observations made by traditional regression procedures, such as a 

logistic regression model. Therefore, I used the Generalized Estimating Equation 

(GEE) regression model, which accounts for the possible correlations among 

observations (104, 105). Moreover, GEE yields regression estimates with lower 

standard errors than other conventional approaches (106). The unadjusted and 

adjusted odds ratios were presented with 95% confidence intervals (CI) in addition 
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to reporting the p-values. The model adequacy was assessed using the Wald 

Statistics. However, I acknowledge that very few patient-related factors were 

included in the model due to the lack of availability of relevant information in the 

hospital records. 

I wanted to assess the level of agreement in reporting the hypoxaemia status by 

using the Masimo device and the LifeBox device. Generally, Kappa is used for 

determining the level of agreement based on a reference standard, but it has been 

criticised for being highly dependent on the prevalence of the condition. Therefore, 

the prevalence-adjusted and bias-adjusted kappa (PABAK) has been developed to 

overcome this limitation (107, 108). Since the prevalence of hypoxaemia (SpO2<90%) 

was low among children included in our study, I presented the level of agreement 

with the prevalence-and bias-adjusted kappa (PABAK) values.   

10.3.3 Can IMCI service providers perform pulse oximetry in routine 

outpatient settings in rural Bangladesh?    

After assessing the adequacy of the short pulse oximetry related training module 

among the study recruited nurses and paramedics, the National IMCI Programme of 

Bangladesh decided to demonstrate the updated National IMCI Implementation 

Package of Bangladesh in a real-life setting to inform evidence-based scale-up. 

I conducted an implementation research study, where the IMCI programme was 

responsible for implementing the district model adopting a health system 

strengthening approach and icddr,b was responsible for providing implementation 

facilitation support. Moreover, icddr,b conducted two rounds of assessments based 
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on WHO’s Implementation Research Framework and implementation outcome 

variables (109). The IMCI programme and icddr,b jointly conducted a series of 

workshops with the district- and sub-district managers to finalise the research 

questions and set a benchmark for successful demonstration for each outcome 

variable (110). The data collection procedures included structured observation of 

IMCI service providers conducting pulse oximetry assessments during routine 

consultations by study nurses, re-assessment (history taking, clinical assessment and 

pulse oximetry) of children (after IMCI consultation) by study nurses, exit-interviews 

of the caregivers by study paramedics, data-extraction from IMCI-registers by data 

collectors, and structured-interviews with IMCI service providers by study 

paramedics. 

I observed that the IMCI service providers almost universally conducted pulse 

oximetry assessments on almost all eligible children and could successfully measure 

SpO2 with minimum attempts, within a relatively short time and without major 

challenges. Their assessments were accurate, and their performance was sustained 

or generally improved over time. The caregivers showed a positive attitude towards 

introducing this technology for assessing their children. Therefore, the adoption, 

feasibility, fidelity, appropriateness, acceptability, and sustainability of pulse 

oximetry introduction in routine IMCI services in a resource-poor setting like 

Bangladesh were demonstrated through this implementation research. Here, I 

discuss some of the strengths and limitations related to the study design, sample size 

and sampling, measurements, and analysis (in addition to what was discussed in 

Chapter 9).   
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I adopted an implementation research approach and conceptualised this study 

based on the WHO framework and implementation outcome variables (109). To the 

best of our knowledge, this is the first study assessing and reporting most of WHO’s 

implementation outcome variables related to the pulse oximetry use in routine 

settings. I included national and district level managers and IMCI service providers in 

the identification of the specific research questions. Afterwards, each of those 

questions was contextualised before finalisation. The novelty, comprehensiveness, 

inclusiveness, and contextualisation of the overall assessment approach are key 

strengths of this study. However, I want to acknowledge that I did not have a 

comparison or control arm, and I could not conclusively attribute the results (i.e., 

implementation outcomes) to the interventions or the overall approach. I adopted a 

district model of implementation based on health systems strengthening approach. 

Therefore, it was not possible to assign the health facilities of the demonstration 

district to a comparison and an intervention arm. Also, I had limited resources to 

demonstrate and assess the updated IMCI Implementation Package in only one 

district. Therefore, it was not feasible to include an adjacent district as a comparison. 

Although I did not have a valid comparison, I set a benchmark defining success or 

feasibility for each implementation outcome variable. The benchmarks were set a-

priori (i.e., before implementation) and in consultation with the National IMCI 

Programme of Bangladesh. I compared the implementation outcomes with the a 

priori benchmarks to have a relatively objective and standardised interpretation of 

success or feasibility. I also acknowledge that the implementation outcomes of the 

demonstration could result from a synergistic effect of the comprehensive 
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stakeholder engagement process (described in Chapter 7) and the district 

implementation model. As I do not have a control district, where only the district 

model was implemented, I could not attribute the contribution of the stakeholder 

engagement process to the overall results. Moreover, the district implementation 

model had four major components: 1) sensitisation of district- and sub-district 

managers and IMCI service providers through workshops and involving them in 

planning and implementation; 2) capacity development of IMCI service providers, 

supervisors, data officers and district- and sub-district managers; 3) health system 

strengthening to improve IMCI service readiness and distribution of pulse oximetry 

devices through the routine distribution channel; and 4) follow-up support to IMCI 

service providers through routine monitoring, supportive supervision and 

performance appraisal workshops. I also could not attribute the contribution of 

these different components of the district model to the overall results due to the 

limitation of the design (without any control/comparison). Lastly, the nature of the 

implementation outcome variables did not allow us to adopt a before-after design.  

Kushtia district was selected as the demonstration site by the National IMCI 

Programme of Bangladesh as its under-5 mortality rate was close to the national 

average. A previous initiative strengthened the routine IMCI services in Kushtia for 

managing possible bacterial infection through outpatient services where the referral 

was not feasible (111). Hence, IMCI services were reasonably functioning in most of 

the public health facilities of Kushtia district, which was one of the key rationales for 

selecting this district for assessing the feasibility of introducing pulse oximetry. I 

acknowledge that I did not randomly select the district, and the results of one district 
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may not be generalisable to the whole country of 64 districts. Moreover, 

geographical diversity and variations can greatly influence the access to health care 

as well as service availability and readiness of health facilities. Though Bangladesh is 

mainly a plain land, there are some hard-to-reach areas, such as hilly areas, coastal 

areas, and water-locked areas (char, beel and haor). The hard-to-reach areas spread 

over 257 sub-districts and 50 districts in Bangladesh, which is around 25% of the 

geographical area of Bangladesh. Approximately one-fifth of the population in 

Bangladesh live in these hard-to-reach areas (112). Kushtia is predominantly 

composed of plain land. Therefore, the experience and the findings of our study may 

not represent the contexts and realities of hard-to-reach areas. Future studies can 

focus on identifying the challenges of introducing pulse oximetry in hard-to-reach 

areas so that the government can adjust the implementation model according to the 

need of those places.  

Apart from the geographical variations, the service availability, readiness and 

functionality of health facilities and access to and coverage of child health services 

vary by broader administrative units in Bangladesh, such as divisions and districts, 

due to the differences in leadership, management and cultural influence (113, 114). 

I demonstrated the feasibility of introducing pulse oximetry in Kushtia district, which 

is under Khulna division. Bangladesh has eight divisions and the majority of the 

districts under Khulna division are better performing than that of the Sylhet and 

Chittagong divisions. According to the most recent edition of the national household 

survey providing district-specific estimates, antenatal care coverage by medically 

trained providers was 83% in Khulna, which was 64% in Sylhet and 72% in Chittagong. 
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The coverage of delivery by skilled birth attendants was 64% in Khulna, which was 

38% in Sylhet and 46% in Chittagong. According to the most recent edition of the 

Bangladesh Health Facility Survey, Kushtia was ranked the 5th (out of 64 districts) in 

terms of the service availability and readiness regarding pneumonia management in 

public health facilities mandated to provide IMCI services. Therefore, the experience, 

barriers, and challenges of demonstrating the feasibility in the reasonably well 

functioning Kushtia district may not be generalisable to the low performing districts 

in other divisions. Future studies can focus on exploring the implementation 

experience and challenges of introducing pulse oximetry in the relatively low 

performing districts and adapt the district model accordingly.  

The IMCI programme, in consultation with the district manager and sub-district 

managers of Kushtia district, selected the district hospital (secondary-referral), all 

five sub-district hospitals (primary-referral) and six union-level health centres as 

demonstration facilities. Instead of randomly selecting the union-level health 

centres, they were purposively selected (one health centre from each sub-district). 

The sub-district managers selected the union-level health centres based on the 

availability and utilisation of IMCI services and access from the sub-district 

headquarters. I wanted to demonstrate the pulse oximetry related interventions in 

health facilities where IMCI services are reasonably functioning and can be accessed 

easily for conducting routine monitoring and the implementation research related 

data collection. I acknowledge that this may have introduced some selection bias in 

the sampling strategy.  
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I approached all (total 22) the health care workers providing IMCI services in the 

selected health facilities and successfully enrolled them all. I took administrative 

approval from the National IMCI Programme of Bangladesh to conduct the study in 

Kushtia district. I also obtained local approval from the district manager to conduct 

the study in the selected health facilities. Moreover, I organised district, sub-district 

and facility-level sensitisation and planning workshops prior to implementation and 

data collection. These measures may have contributed in achieving this high rate of 

enrolment. I was fortunate that all the IMCI service providers enrolled in our study 

participated in both rounds of data collection (i.e., no dropouts). I conducted the 

assessments during the COVID-19 pandemic when health care providers were rarely 

transferred from one facility to another. Moreover, our assessments were 

conducted from December 2020 to June 2021. It may have also contributed to the 

low dropout rate as the financial year starts in July when most of the transfers take 

place. I want to acknowledge that the sample size was based on the children 

receiving IMCI services. Although I reported the pulse oximetry performance by 

types of IMCI service providers (i.e., doctors, nurses and paramedics), the sample 

size was not calculated to report the stratified estimates with acceptable precision 

and the differences with adequate power. Future studies should aim to assess the 

pulse oximetry performance by types of IMCI service providers with adequate 

sample sizes. I calculated the sample size based on the WHO implementation 

outcome variables, considering the maximum variance. I did not consider detecting 

the changes in the implementation outcome variables from round 1 to round 2 while 

calculating the sample size. However, I reported the difference (effect size) between 



 

Chapter 10: page 425 

 

the two rounds with the available sample size and did not find any notable 

difference. 

According to the updated IMCI guidelines, all children aged 2-59 months presenting 

to the outpatient consultation room with cough and difficulty in breathing should be 

assessed for hypoxaemia using pulse oximetry. The minimum sample size required 

per IMCI service provider was 30 children meeting the abovementioned criteria. I 

applied the time quota sampling method and included all eligible children visiting the 

selected health facilities on the day of the assessment. I continued enrolment till the 

end of service hours on the day the minimum required sample size was reached. 

Since I did not have a sampling frame, I could not adopt a simple random sampling 

strategy. Alternately, I could have opted for a systematic sampling strategy, which 

could have eased some pressure from our data collection team. I conducted data 

collection during the COVID-19 pandemic, where the utilisation of IMCI services 

decreased in all types of health facilities, particularly in union level-facilities, and 

there was an urgency to complete data collection in the shortest possible time to 

minimise the potential exposure to SARS COV-2 to our data collection team and IMCI 

service providers. Adopting a systematic sampling approach would have 

substantially increased the length and cost of data collection, which I could not 

afford.  

As mentioned above, I conducted the assessments during the COVID-19 pandemic, 

which may have changed the overall case-mix of children visiting the facilities for 

IMCI services. The care seeking practices changed during the COVID-19 pandemic, 
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especially for routine and essential services like IMCI. Moreover, the Government of 

Bangladesh established the COVID-19 screening and triage protocol in each health 

facility. As a result, children presenting with severe respiratory complaints and 

distress were navigated to the dedicated COVID-19 services instead of receiving IMCI 

consultations. I analysed the monthly IMCI reports of the selected demonstration 

facilities and noticed that the proportion of children aged 2-59 months (among all 

under-5 children) receiving IMCI services with cough and difficulty in breathing 

decreased from 57% in the pre-pandemic period (October 2019 to March 2020) to 

42% during the data collection period (December 2020 to June 2021). Similarly, the 

proportion of children classified as severe pneumonia or pneumonia (among all 

under-5 children with cough and difficulty in breathing) decreased from 31% during 

the pre-pandemic period to 14% during the data collection period. I also found that 

number of younger children receiving IMCI services markedly reduced during our 

data collection period. Therefore, the results of this study related to the pulse 

oximetry performance by IMCI service providers and the feasibility of introducing it 

in routine outpatient settings may not be generalisable to the pre-pandemic era. The 

COVID-19 pandemic is abating in Bangladesh, and the health systems have become 

more adept at continuing the routine and essential services during a COVID-19 surge. 

The National IMCI Programme should continue synthesising the implementation 

experience throughout the scale-up phase and adapting the district model based on 

the ever-changing context of the COVID-19 pandemic.  

I acknowledge that the data collection tools used in this study for structured 

observations, re-assessments, exit interviews and IMCI service provider interviews 
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were not validated. Since I was conducting a novel study based on the WHO 

recommended implementation outcome variables, we did not find any validated 

tools. I conducted extensive desk reviews and expert consultations to construct the 

data collection tools. I also conducted qualitative explorations to understand the 

major issues related to acceptance, barriers and challenges, which helped us prepare 

the exit interview and IMCI service provider interview tools. I pretested each data 

collection tool before finalisation. I believe that these measures have contributed in 

improving the content and construct validity of the data collection tools that were 

used in this study.    

Our enrolment officers approached all children in the waiting rooms/areas of the 

selected health facilities. They screened them based on their clinical history, i.e., 

whether they were suffering from cough or difficulty in breathing but did not 

conduct any physical examination or clinical assessment. Therefore, there was a 

possibility that we may have missed enrolling a few eligible children who could be 

later classified as pneumonia/severe pneumonia by the IMCI service providers after 

routine consultations. Since the screening approach that I adopted was very sensitive 

(based on history), the probability of missing eligible cases was extremely low. I 

conducted a post-hoc analysis of the data extracted from the IMCI registers and 

found only one such case in two rounds of assessments.  

The study recruited nurses who performed structured observations of IMCI service 

providers conducting pulse oximetry assessments on children presenting with cough 

and difficulty in breathing in the selected health facilities. I acknowledge that the 
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observers could have a bias in their interpretation of a successful pulse oximetry 

assessment and measurement of the performance time. I set the operational 

definitions of a successful assessment and performance time before data collection 

and organised extensive training for the observers. The operational definitions were 

set in consultation with the National IMCI Programme and were consistent across 

the adequacy and feasibility studies.  Moreover, I appointed only two observers to 

minimise the interobserver variability. Each observer conducted at least 100 pulse 

oximetry assessments on hospitalised children before commencing data collection. I 

believe that these measures have contributed to reducing the effect of observation 

bias in relevant measurements. I also acknowledge the potential Hawthorne effect 

on the pulse oximetry performance of IMCI service providers (115). The influence of 

Hawthorne effect can be minimised by building rapport with the study participants 

and establishing sustained contacts (116). I organised a preparatory and planning 

workshop in each facility with respective IMCI service providers and the data 

collection team, which helped build rapport. Moreover, the observers observed each 

of the IMCI service providers for 3-7 days, allowing enough time for further rapport 

building and establishing sustained contacts. Another possible way to address the 

Hawthorne effect is to drop the observations of the first couple of days. However, I 

could not adopt this strategy since I was struggling to reach the minimum sample 

size due to the COVID-19 pandemic. Therefore, I conducted a sensitivity analysis by 

comparing the success rate and performance time of the first one-third of the 

observations of each IMCI service provider with the remaining two-thirds of the 

observations. I did not observe any notable difference. Therefore, I believe that the 
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overall Hawthorne effect was minimum on the pulse oximetry performance of 

service providers in our study. One of the strengths of our study is that the re-

assessments were conducted in a separate room where the study nurses were 

blinded to the pulse oximetry assessment outcomes (SpO2 reading or hypoxaemia 

status) of the IMCI service providers. Another strength of our study is that I used a 

specially designed and validated android-app for capturing multiple events with time 

stamps through structured observations, which, I believe, reduced measurement 

errors, especially in recording the performance time (99). 

Although the IMCI service providers have extensive experience, there are issues 

regarding adhering to the IMCI guidelines, which may affect the accuracy of IMCI 

classification assigned by them (117). Therefore, I used the classification assigned by 

the study recruited nurses based on re-assessments rather than the ones recorded 

by the IMCI service providers based on routine consultations. I organised extensive 

training for the study recruited nurses based on the National IMCI Implementation 

Package of Bangladesh. Each of the study recruited nurses conducted at least 100 

pulse oximetry assessments on hospitalised children before commencing data 

collection (re-assessment). Moreover, the study recruited nurses were more 

motivated and had limited tasks to perform (only assessment of cough and difficulty 

in breathing according to IMCI guidelines, height, weight and SpO2 measurement) 

than the IMCI service providers. For which, I believe that the assessments conducted 

by our study nurses were more accurate than the assessments conducted by the 

IMCI service providers. 
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Both the IMCI service providers and the study recruited nurses who used the same 

model of handheld pulse oximetry devices for measuring the SpO2 status of children. 

Since I did not have any GOLD standard measurement (blood gas analysis), I could 

not report any validity measures, i.e., sensitivity and specificity. Moreover, the study 

recruited nurses could not perform repeat pulse oximetry assessments during the 

re-assessment as it was not feasible to convince the caretakers of the children to 

allocate more time after the routine consultation with the IMCI service providers, re-

assessment by the study recruited nurses and exit interview by the study recruited 

interviewers. However, the pulse oximetry assessments conducted by the study 

recruited nurses prior to data collection revealed a very high level of success rates 

and agreements in identifying hypoxaemia (Chapter 8). Their median performance 

time was around 30 seconds. These statistics are indicative of the skills and accuracy 

of SpO2 measurements by the study recruited nurses.    

The data collectors took snapshots of the routine IMCI registers after service hours 

on the day of assessment, and a dedicated team of expert data operators entered 

the data using a desktop-based application that was specially developed for this 

study. A data entry supervisor checked the data extraction process and conducted 

re-entry of 5% observations. In case of any disagreement, the source document 

(snapshot of the IMCI register) was conducted for necessary correction. I believe that 

these measures have contributed to improving the quality of data extracted from 

the routine IMCI registers. However, I also want to note here that the completeness 

and consistency of documentation in the IMCI registers by the IMCI service providers 

were less than optimal.   
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The exit interviews of the caregivers showed a high level of acceptance of using pulse 

oximetry on their children. It is possible that this could have been influenced by social 

desirability bias. However, the qualitative exploration among caregivers (a part of 

the broader implementation research study but not part of this thesis) did not 

contradict these quantitative findings. Another possible explanation is that the 

caregivers were already aware of the role of pulse oximetry in identifying 

hypoxaemia in the context of the mass community awareness campaign conducted 

during the early phase of the COVID-19 pandemic in Bangladesh. 

Another strength of this study is the relatively low loss to follow-up rates. Among the 

enrolled children, I successfully conducted structured observations of all of them. 

Around 99.1% of the enrolled children were re-assessed, and caretakers of 98.6% of 

the enrolled children were interviewed. In addition, I organised a preparatory and 

planning workshop in each of the selected facilities where the data collection team 

discussed the data collection plan and approach with the IMCI service providers, 

their respective supervisors and facility managers before finalising. Moreover, the 

enrolment officer helped navigate the study participants from one station to another 

to minimise attrition. These measures helped us customise the data collection based 

on the context of the facility without compromising the integrity of the study design.  

The following indicators were selected as primary outcomes of interest: adoption-

use, feasibility-success, feasibility-usability by attempt, feasibility-usability by time, 

fidelity-SoP adherence, fidelity-agreement, appropriateness-experience, 

acceptability-usefulness, acceptability-importance, and acceptability-satisfaction. 
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The National IMCI Programme of Bangladesh set a priori benchmarks for successful 

demonstration for each of these implementation outcome variables. I compared the 

results of the demonstration with the pre-set benchmarks. Naturally, the 

benchmarks were context-specific and aspirational. In real life, they are expected to 

vary by the contexts and settings.     

I aimed to assess the feasibility through several indicators, which focused on 

different aspects of the pulse oximetry performance of the IMCI service providers, 

such as the number of attempts required, or the amount of time taken to obtain a 

stable SpO2 reading. As a result, I found that the pulse oximetry performance of the 

IMCI service providers exceeded the benchmarks for all feasibility-related indicators. 

Such consistency has helped me gain confidence regarding my interpretation related 

to feasibility.  

I checked the normality of the distribution of performance time with histograms as 

a graphical method and the Shapiro-Wilk test as a numerical method (101). I have 

discussed the rationale for choosing these tests rather than alternatives earlier in 

this chapter (adequacy study). Since the performance time data were non-normally 

distributed, I presented the central tendency as the median with an interquartile 

range. I considered the provider-related, patient-related and facility-related factors 

and assessment rounds as non-paired observations, and performed the non-

parametric Wilcoxon Ranksum test (also known as the Mann-Whitney test). (102) 

Although there were very little differences between the median estimates of some 

categories, they were showing statistical significance at p<0.5. Therefore, I 
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performed the non-parametric  ood’s  edian test to assess whether there was any 

difference in the distribution of the data. Finally, I presented the differences in the 

median estimates by the non-parametric  ood’s  edian test, since it was easier to 

explain and interpret. I strongly believe that these were the best statistical options 

based on the non-parametric distribution of our data.  

I also assessed the effect of different patient-related, provider-related, and facility-

related factors and assessment rounds on the pulse oximetry performance of the 

IMCI service providers, such as success rate, success in one attempt, success within 

one minute and adherence to SoP. Since I observed multiple pulse oximetry 

assessments by each IMCI provider, the observations were not independent of each 

other and internally correlated. Therefore, I assumed an exchangeable correlation 

structure and performed the Generalised Estimating Equation (GEE) model to report 

the odds ratios with 95% CI. I also reported the p values for easier interpretations. 

Other options for this correlation were independent, auto-regressive, stationary, 

non-stationary, unstructured and fixed. However, as I did not have any time-series 

data, assuming an exchangeable correlation seemed reasonable. Considering the 

outcome of interests related to the performance of conducting pulse oximetry 

assessments, I used the binomial family with logit link in the analysis. Maximum 

iteration for these models were 100, and all the models resulted in convergence. The 

type of standard errors reported in the analysis was selected to be conventional, 

which is derived from the asymptotic theory. I added various covariates in the 

models to assess their adjusted effects on the performance of conducting pulse 

oximetry assessments. The patient-related factors, such as age, sex, weight-for-
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height and clinical features; provider-related factors such as age, sex, designation 

and facility-related factor such as the type of facilities, the round of the survey was 

included in the models as covariates. I believe that adopting the GEE model over the 

logistic regression model helped me report the effect of different factors on the 

pulse oximetry performance with more validity, precision, and rigour (104-106). 

According to WHO, hypoxaemia is defined as SpO2<90%. However, I did not identify 

many hypoxaemic cases based on this cut-off during the assessment period. It may 

be due to the change in the case-mix of children receiving IMCI services resulting 

from establishing special screening and triage during the COVID-19 pandemic. 

Therefore, in consultation with the National IMCI Programme and IMCI experts in 

Bangladesh, I revised the cut-off and considered SpO2<94% as hypoxaemia for 

assessing the agreement between IMCI service providers and study recruited nurses. 

I used the prevalence adjusted and bias-adjusted kappa (PABAK) for reporting the 

agreement in identifying hypoxaemia since the prevalence was less than 10% (107, 

108) I also checked the agreement with a cut-off of SpO2<92% and the findings were 

consistent with that of SpO2<94%.  

I found that approximately 2% of children receiving IMCI services from the selected 

health facilities with pneumonia or severe pneumonia had hypoxaemia (during the 

assessment round 1 and round 2). This apparently low rate of hypoxaemia among 

children with pneumonia or severe pneumonia in outpatient-based IMCI settings 

may be primarily explained by the changes in care seeking practices and health 

systems response (screening and triage) during the COVID-19 pandemic in 
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Bangladesh (described before in this chapter). However, even if the prevalence of 

hypoxaemia prevalence is relatively on the lower side in the IMCI settings in 

Bangladesh during non-COVID periods, it can make a large difference to the overall 

pneumonia-related mortality, if left undetected and untreated. In Bangladesh, IMCI 

services are provided through outpatient settings in Medical College Hospitals (40), 

District Hospitals (64), Upazila health Complexes (424 and Maternal and Child 

Welfare Centres (74). In addition, IMCI services are also provided in all Union Health 

and Family Welfare Centres (~5300). I extracted data from the national MIS database 

(DHIS2) for 2019, 2020 and 2021, and found that on average more than half-a-million 

children with pneumonia or severe pneumonia come in contact with public facility-

based IMCI services every year. (118) Although, Community Clinics (~12,500) do not 

provide IMCI services, they offer selective child curative care, including children with 

cough and difficulty in breathing, with a simplified algorithm. The Community Clinics 

do not report to the National MIS regarding IMCI services or number of children 

receiving pneumonia-related care or management. Therefore, I assumed that a 

Community Clinic would have one-fourth of the childhood pneumonia cases of a 

Union Health and Family Welfare Centre. Hence, I estimated that approximately 

300,000 children will visit Community Clinics with signs of pneumonia/severe 

pneumonia every year. If we consider the most conservative estimate, i.e., a 

hypoxaemia prevalence of 2% among children with pneumonia or severe pneumonia 

receiving IMCI services (based on the feasibility study), there will more than 16,000 

children visiting the outpatient services of public hospitals with hypoxaemic 

pneumonia every year. According to the most recent round of the Bangladesh Health 
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Facility Assessment Survey, very few of the public health facilities (Medical College 

Hospitals, District Hospitals, Upazila Health Complexes, Union Health and Family 

Welfare Centres and Community Clinics) in Bangladesh have pulse oximetry devices 

(Chapter 9) and almost none of them have the device in the IMCI consultation rooms 

(67). It is highly likely that most of the children with hypoxaemia will remain 

undetected without the availability of pulse oximetry devices. I also found that 

around 17% of the children with hypoxaemic pneumonia died in a secondary level 

hospital run by icddr,b in Dhaka, Bangladesh (Chapter 4). I also assumed that the 

case-fatality rate among the undetected hypoxaemic cases in out-patient based IMCI 

settings would not be less than the case-fatality rate in icddr,b Dhaka hospital, which 

is reasonably well equipped and experienced to manage hypoxaemia. Finally, I 

estimated that a minimum of 2,800 children with hypoxaemic pneumonia would die 

each year due to the unavailability of pulse oximetry devices in IMCI consultation 

rooms of public health facilities in Bangladesh. This is more than one-tenth of the 

estimated number pneumonia-related under-5 mortality in Bangladesh (67). I 

acknowledge that I used very broad assumptions and a simplistic approach to 

estimate the impact, which requires further fine-tuning and advanced econometric 

modelling for the generating a more robust and valid estimate. However, the 

estimated numbers are based on the most conservative assumptions and helps us 

understand the gravity of the problem and the prospect of the solution.     

Our study showed that the integration of pulse oximetry in IMCI guidelines and the 

introduction of pulse oximetry in routine IMCI services are feasible in Bangladesh. 

Based on the results of this study, the Government of Bangladesh felt confident 



 

Chapter 10: page 437 

 

about scaling up this intervention nationally. As a part of the broader scale-up 

initiative, the National IMCI Programme of Bangladesh has already trained more 

than two 1,000 IMCI service providers based on the updated training package, which 

included the recommendation and instructions related to the use of pulse oximetry 

in pneumonia assessment. In addition, the IMCI Programme collaborated with the 

Management Information System (MIS) department to include hypoxaemia among 

children with pneumonia as one of the national reporting variables in DHIS2.  The 

IMCI Programme has already revised its current plan and decided to procure pulse 

oximetry devices for IMCI consultation rooms in approximately 200 sub-district 

hospitals. In the next phase, the IMCI Programme is planning to procure pulse 

oximetry devices for the remaining sub-district hospitals and union level health 

centres. Additionally, other development partners have committed to support the 

IMCI Programme by introducing pulse oximetry in some of their supported districts. 

For example, UNICEF will provide support in eight districts, icddr,b in two districts, 

and Save the Children in one district. WHO has supported the government by 

printing the updated IMCI registers for all facilities nationally. Working closely with 

a range of stakeholders has thus helped to harmonise and align resources from 

different sources and make progress in fulfilling the agenda for national scale-up 

collectively.  

There is still scope for future research related to the integration of pulse oximetry in 

routine health systems of resource-limited countries. First, our district 

implementation model was heavy on inputs. Further research can focus on fine-

tuning the model by identifying the least-contributory elements and dropping 
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relevant inputs to make it more cost-effective. Second, the link between pulse 

oximetry and the overall oxygen delivery system was not demonstrated and assessed 

in our study, which requires further exploration. Third, effectiveness and cost-

effectiveness trials should be conducted focusing on outcomes (quality of 

pneumonia management) and the impact (mortality) of introducing pulse oximetry 

in routine health systems. Lastly, follow-up assessments need to be conducted to 

explore whether the findings of the implementation outcomes variables are 

sustained over time.  
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Chapter 11: CONCLUSION 

The overall prevalence of hypoxaemia among children with pneumonia was high in 

LMICs, including Bangladesh. It was notably higher among clinically severe and 

hospitalised children with pneumonia. Disaggregated measures offer a chance to 

understand the burden in greater detail and identify the vulnerable population and 

risk factors for prioritising prevention, protection and treatment. Unfortunately, due 

to the lack of standardisation in published reporting, I could not extract the 

necessary information for reporting the prevalence of hypoxaemia disaggregated by 

co-variates and potential risk factors. Therefore, I strongly recommend that all 

studies reporting the prevalence of hypoxaemia should follow a minimum set of 

reporting principles, which may include reporting estimates disaggregated by 

smaller and standardised age bands (0-1 months, 2-11 months, 12-59 months), sex, 

co-morbid conditions (malnutrition, congenital health disease, chronic obstructive 

pulmonary disease, etc.), and pneumonia classification (severe pneumonia, fast 

breathing pneumonia, chest in-drawing pneumonia) Studies reporting the 

prevalence of hypoxaemia should also explicitly mention the specification of pulse 

oximetry device, probe types, anatomical site of probe placement, facility type 

(hospital, health centre), settings (inpatient, emergency, outpatient and 

community), provider type (doctors, nurses, paramedics, community health 

workers) altitude (high, low), etc. I did not include unpublished data, which is one of 

the major limitations of my review. Future reviewers can collaborate with the 

existing community- and facility-based surveillance networks on respiratory health 

to access up-to-date and unpublished data related to hypoxaemia to improve the 
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robustness of the methods and increase the validity and granularity of the estimates 

of childhood pneumonia. An alternate approach could be to reach out to prominent 

and prolific researchers in the field of respiratory health, pneumonia, and oxygen 

security, primarily through their publication track records as well as those known to 

be active in this area and use them as snowballs to identify other ongoing studies 

and unpublished data sources on hypoxaemia. Future systematic reviews can also 

collaborate with scholars, academic institutes, and research organisations from 

China to include Chinese language databases and publications in the review, which 

was one of the limitations of my review.  

The prevalence of hypoxaemia reported in my review was much higher than that of 

the previous review conducted by Subhi et al. in 2009. Although the scope and search 

strategy were similar, there were some differences between the two reviews in the 

type of data included and the methods used. While this may partially explain the 

significant difference observed in the estimated prevalence of hypoxaemia between 

the two reviews, this may also indicate an increasing trend in the burden in LMICs. 

One underlying factor or explanation that I could not explore in detail is the effect of 

pneumonia aetiology on hypoxaemia. The introduction and rapidly increasing 

coverage of PCV and HiB vaccine in LMICs could have substantially changed the 

aetiological spectrum causing childhood pneumonia. Moreover, the RSV vaccines are 

now in the pipeline for introduction into the routine immunisation system. 

Therefore, I recommend establishing or leveraging existing community- and facility-

based surveillance networks to track pneumonia aetiology and its relationship with 
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the prevalence of hypoxaemia. The latter can be undertaken with minimum 

incremental costs.  

Lastly, the high burden of hypoxaemia in LMICs, including Bangladesh, demands 

greater attention and concerted efforts from the global, regional and national 

policymakers and stakeholders. In this regard, a critical first step would be to invest 

in and strengthen the health information system so that minimum information 

regarding hypoxaemia and its management is routinely documented, recorded, and 

reported. Such information will help generate real time and context-specific 

estimates to understand the burden of hypoxaemia, management outcomes and its 

trend over time, and make informed decisions.  

My analysis showed that Bangladesh has a high burden of childhood pneumonia, 

with approximately 24,000 under-5 deaths per year due to pneumonia. I found 

significant gaps in the availability of pulse oximetry devices, oxygen sources, and the 

oxygen delivery system in Bangladesh's public health facilities and hospitals. This 

high burden of pneumonia, including hypoxaemia, combined with inadequate 

readiness of the health facilities for managing hypoxaemia, clearly shows the risk 

children face in this country and reveals the evident disconnect between existing 

policy priorities and programme planning. Hypoxaemia is also common among 

several diseases and conditions other than pneumonia, such as chronic lung 

diseases, severe sepsis, meningitis, complications of prematurity, trauma, obstetric 

emergencies and peri-operative care. The COVID-19 pandemic has substantially 

added to the burden of hypoxaemia and revealed the critical gaps in the oxygen 
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systems preparedness of health facilities and hospitals in Bangladesh and many 

other LMICs. The Government of Bangladesh should consider oxygen security as a 

strategic priority and invest in ensuring rapid identification of hypoxaemia through 

point-of-care diagnostics, such as pulse oximetry devices, and immediate 

management by appropriate oxygen therapy with reliable oxygen sources a 

functioning oxygen distribution system. Bangladesh takes a sector-wide approach to 

health, and the current health sector programme will end in June 2023. The next 

five-year health sector program is currently being designed and developed. 

Policymakers and health managers should consider oxygen security as a priority 

agenda in the upcoming health sector program. As part of the preparation, I 

recommend conducting a comprehensive assessment of the oxygen needs and 

capacities of the public health system of Bangladesh to identify, refer and manage 

hypoxaemia with adequate and appropriate oxygen therapy. The assessment should 

also identify gaps in existing policies, programmes, and practices. The results can play 

a decisive role in developing a need-based, context driven, feasible and cost-

effective action plan for ensuring oxygen security in the next health sector 

programme. 

Bangladesh was one of the first countries to nationally introduce and scale up IMCI 

services in paediatric outpatient settings. The implementation research study 

demonstrated that the IMCI service providers are willing to accept pulse oximetry in 

their routine practice, can successfully conduct pulse oximetry assessments and 

obtain a stable SpO2 reading with minimum attempts and in a relatively short 

amount of time. These findings illustrate the adequacy of the training package and 
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district implementation model developed and tested. They also indicate the 

feasibility of introducing pulse oximetry in routine IMCI services in paediatric 

outpatient settings through a health system strengthening approach. Policymakers 

can capitalise on these encouraging findings and scale up pulse oximetry nationally. 

In addition to the paediatric outpatient settings, I strongly recommend introducing 

pulse oximetry in emergency and inpatient settings. This holistic approach will 

improve the accuracy of diagnosis and continuum and quality of management of 

pneumonia and other diseases associated with hypoxaemia. It will also address the 

need for regular monitoring of SpO2 levels to use oxygen correctly and efficiently. 

The district implementation model requires context-specific adaptation to overcome 

local level barriers and challenges, such as readiness of health facilities, training 

arrangements, monitoring mechanisms, etc. I recommend conducting 

implementation research studies in diverse contexts to adapt and modify the district 

implementation model for achieving greater acceptability, usability, utility, and 

sustainability. The pulse oximetry performance, including success rate and 

performance time, may be influenced by device characteristics, probe size and 

design, provider workload and age of the children. Introducing pulse oximetry 

devices with advanced signal strengths in high-volume facilities can help overcome 

the challenges associated with motion artefacts, particularly among younger 

children. The health managers will need to emphasise adhering to SoPs in training 

and routine monitoring. Special emphasis can be given to identifying providers who 

would benefit from targeted monitoring and follow-up support. Specific attention 
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should be given to these barriers and enablers during policy decision making and 

programme planning.   

Based on the encouraging results of the adequacy and feasibility studies coupled 

with a comprehensive stakeholder engagement approach, the Government of 

Bangladesh has decided to integrate pulse oximetry into the national IMCI guidelines 

and scale-up pulse oximetry in all IMCI consultation rooms in phases. This presents 

a unique opportunity to assess the effect/impact of introducing pulse oximetry on 

improving the quality of pneumonia management through IMCI services and its 

impact on pneumonia-related childhood mortality. Therefore, I recommend 

embedding an effectiveness study in the Government of Bangladesh's plan to scale 

pulse oximetry nationally. A step-wedged design may be most appropriate in the 

context of the health sector programme. Future studies should also collect additional 

information required for assessing cost-effectiveness in routine outpatient settings.   

As I mentioned above, using a point-of-care diagnostic tool, such as a pulse oximetry 

device, can substantially improve the provision of hypoxaemia identification and the 

accuracy of pneumonia classification by the health service providers. It will require 

around USD 5 million to introduce pulse oximetry in all IMCI consultation rooms and 

other outpatient and inpatient settings in Bangladesh. Nevertheless, this investment 

has the potential to avert around 2,800 childhood pneumonia deaths annually, 

which is only 0.06% of the total value of the current health sector programme and 

should be affordable in the context of the rapidly growing economy of Bangladesh. 
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Chapter 12: SCIENTIFIC CONTRIBUTION AND OUTPUTS 

During my PhD journey, I published 35 articles in international peer review journals. 

Out of which, seven are directly derived from my PhD thesis and I contributed to all 

of them as a first author. Additionally, I published three articles as a first author, one 

as a last author and four as a co-author which are related to child health or 

hypoxaemia. I also published eight articles as a first author, four as a last author, and 

eight as a co-author on various other topics related to global health priorities in 

LMICs. 

Table 12.1: Scientific contributions and outputs during the PhD period  

PhD thesis 

First 
author 

1. Rahman AE, Ameen S, Hossain AT, Perkins J, Jabeen S, Majid T, Uddin AA, 
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A, Banik G, Kabir AE, Khan M, Ahmed A, Chisti MJ, Cunningham S, Dockrell 
DH, Nair H, Arifeen SE, Campbell H. Introducing pulse oximetry for 
outpatient management of childhood pneumonia: An implementation 
research adopting a district implementation model in selected rural facilities 
in Bangladesh. eClinicalMedicine. 2022. (accepted)  

2. Rahman AE, Ameen S, Hossain AT, Jabeen S, Majid T, Afm AU, Tanwi TS, 
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provider-and patient-related factors. Journal of Global Health 2022, 12. 
URL:  
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Chapter 13: ANNEXURES  

Annex 13.1: DETAILED SEARCH LANGUAGE WITH KEYWORDS AND 

THEIR SYNONYMS FOR CHAPTER 3: BURDEN OF HYPOXAEMIA AMONG 

CHILDREN WITH PNEUMONIA IN LMICS 
Search summary-1 

 
Name of the database: MEDLINE (via Ovid) 
Date of search: 08 October 2021 
Timeline: November 2008 to October 2021  
Search Language: English 

Line # Theme Search Language 
Output 

# 

1 Hypoxaemia hypoxemia.mp. or exp Hypoxia/  91820 

2 exp Hypoxia/ or hypoxaemia.mp.  84800 

3 anoxia.mp. or exp Hypoxia/  87644 

4 hypoxia.mp. or exp Hypoxia/  155924 

5 oximetry.mp. or exp Oximetry/  19678 

6 exp Oximetry/ or oximeter.mp.  16924 

7 exp Oximetry/ or oximetre.mp.  15892 

8 exp Oximetry/ or oxymetry.mp.  16149 

9 exp Oximetry/ or oxymeter.mp.  15980 

10 exp Oximetry/ or oxymeter.mp.  15980 

11 blood oxygen saturation.mp.  1426 

12 arterial oxygen saturation.mp.  4055 

13 
exp Blood Gas Monitoring, Transcutaneous/ or blood gas 
monitoring.mp. or exp Blood Gas Analysis/  37305 

14 blood gas analysis.mp. or exp Blood Gas Analysis/  40194 

15 analysis blood gas.mp. or exp Blood Gas Analysis/  37226 

16 SpO2.mp.  4886 

17 SPO2.mp.  4886 

18 
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 
13 or 14 or 15 or 16 or 17  211488 

19 
Pneumonia exp Pneumonia, Bacterial/ or exp Pneumonia/ or exp 

Pneumonia, Viral/ or pneumonia.mp.  258674 

20 
exp Pneumonia, Bacterial/ or exp Pneumonia/ or severe 
pneumonia.mp. or exp Pneumonia, Viral/  205112 

21 severe disease.mp.  18122 

22 very severe disease.mp.  199 

23 
exp Bronchiolitis Obliterans/ or bronchiolitis.mp. or exp 
Bronchiolitis/ or exp Bronchiolitis, Viral/  13139 
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24 
exp Respiratory Tract Infections/ or acute respiratory 
infection.mp. or exp Respiratory Syncytial Virus Infections/ 
() 482032 

25 exp Respiratory Tract Infections/ or ARI.mp. () 478927 

26 
exp Respiratory Tract Infections/ or acute respiratory 
infections.mp. or exp Respiratory Syncytial Virus Infections/  

482231 

27 
exp Respiratory Tract Infections/ or acute respiratory tract 
infection.mp.  476982 

28 exp Respiratory Tract Infections/ or ARTI.mp.  478414 

29 
exp Respiratory Tract Infections/ or acute respiratory tract 
infections.mp.  477025 

30 
exp Respiratory Tract Infections/ or respiratory illness.mp. 
or exp Respiratory Tract Diseases/  1511022 

31 
exp Respiratory Tract Infections/ or respiratory 
illnesses.mp. or exp Respiratory Tract Diseases/  1510299 

32 
19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 
29 or 30 or 31  1565662 

33 

Children 
under-5 
years of age 

Child.mp. or exp Child Health Services/ or exp Child Care/ 
or exp Child, Hospitalized/ or exp Child/ or exp Child 
Health/  2175248 

34 Children.mp. or exp Child/  2200753 

35 
Infant.mp. or exp Infant Care/ or exp Infant Health/ or exp 
Infant/  1230190 

36 Infants.mp. or exp Infant/  1226015 

37 Pediatric.mp. or exp Pediatrics/  320962 

38 Pediatrics.mp. or exp Pediatrics/  82943 

39 exp Child/ or exp Child, Preschool/ or Paediatric.mp.  2022745 

40 exp Child/ or exp Child, Preschool/ or Paediatrics.mp.  2012017 

41 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40  2914291 

42 
 

18 and 32 and 41  7758 

43 
Low- and 
Middle-
Income 
country 

exp Developing Countries/ or developing countr*.mp.  122287 

44 
exp Developing Countries/ or low-and middle income 
country.mp.  

78317 

45 
exp Developing Countries/ or low-and middle income 
countries.mp.  

86721 

46 exp Developing Countries/ or LMIC*.mp.  80240 

47 exp Developing Countries/ or low income country.mp.  78344 

48 exp Developing Countries/ or middle income country.mp.  79281 
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49 exp Developing Countries/ or low income countries.mp.  81795 

50 exp Developing Countries/ or middle income countries.mp.  88815 

51 
exp Developing Countries/ or lower middle income 
country.mp.  

77958 

52 
exp Developing Countries/ or lower middle income 
countries.mp.  

78135 

53 
exp Developing Countries/ or upper middle income 
countries.mp.  

77998 

54 
exp Developing Countries/ or upper middle income 
country.mp.  

77880 

55 Afghanistan.mp. or exp Afghanistan/  6592 

56 Albania.mp. or exp Albania/  1248 

57 Albania.mp. or exp Albania/  1248 

58 American Samoa.mp. or exp American Samoa/  376 

59 Angola.mp. or exp Angola/ () 1583 

60 Armenia.mp. or exp Armenia/  1842 

61 Azerbaijan.mp. or exp Azerbaijan/  1762 

62 Bangladesh.mp. or exp Bangladesh/  15112 

63 Belarus.mp. or exp "Republic of Belarus"/  2679 

64 Belize.mp. or exp Belize/  886 

65 Benin.mp. or exp Benin/  3688 

66 Bhutan.mp. or exp Bhutan/  809 

67 Bolivia.mp. or exp Bolivia/  3888 

68 

(Bosnia and Herzegovina).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, 
floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol 
supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms]  

2655 

69 Botswana.mp. or exp Botswana/  2537 

70 Brazil.mp. or exp Brazil/  123075 

71 Bulgaria.mp. or exp Bulgaria/  7816 

72 Burkina Faso.mp. or exp Burkina Faso/  4440 

73 Burundi.mp. or exp Burundi/  956 

74 Cabo Verde.mp. or exp Cabo Verde/ () 285 

75 Cambodia.mp. or exp Cambodia/ () 4644 

76 Cameroon.mp. or exp Cameroon/ () 7506 

77 
Central African Republic.mp. or exp Central African 
Republic/  

1169 

78 Chad.mp. or exp Chad/  1276 

79 China.mp. or exp China/  276588 

80 Colombia.mp. or exp Colombia/  14863 
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81 Comoros.mp. or exp Comoros/  508 

82 exp "Democratic Republic of the Congo"/ or DRC.mp.  5714 

83 
Congo.mp. or exp Congo/ or exp "Democratic Republic of 
the Congo"/  

14858 

84 Costa Rica.mp. or exp Costa Rica/  5210 

85 Ivory Coast.mp. or exp Cote d'Ivoire/  3830 

86 Cuba.mp. or exp Cuba/  6536 

87 Djibouti.mp. or exp Djibouti/  425 

88 Dominica.mp. or exp Dominica/  445 

89 Dominican Republic.mp. or exp Dominican Republic/  2294 

90 Ecuador.mp. or exp Ecuador/  5474 

91 exp Egypt/ or Egypt.mp.  20542 

92 El Salvador.mp. or exp El Salvador/  1403 

93 Equatorial Guinea.mp. or exp Equatorial Guinea/  476 

94 Eritrea.mp. or exp Eritrea/  610 

95 Ethiopia.mp. or exp Ethiopia/  16915 

96 Fiji.mp. or exp Fiji/  1833 

97 Gabon.mp. or exp Gabon/  2075 

98 Gambia.mp. or exp Gambia/  3147 

99 exp "Georgia (Republic)"/ or Georgia.mp.  16712 

100 Ghana.mp. or exp Ghana/  11187 

101 Grenada.mp. or exp Grenada/  325 

102 Guatemala.mp. or exp Guatemala/  4218 

103 Guinea.mp. or exp Guinea/  160323 

104 Guinea-Bissau.mp. or exp Guinea-Bissau/  1223 

105 Guyana.mp. or exp Guyana/  1181 

106 Haiti.mp. or exp Haiti/  4001 

107 Honduras.mp. or exp Honduras/  1895 

108 India.mp. or exp India/  131814 

109 Indonesia.mp. or exp Indonesia/  15431 

110 Iran.mp. or exp Iran/  36150 

111 exp Iraq/ or Iraq.mp.  9595 

112 Jamaica.mp. or exp Jamaica/  4338 

113 Jordan.mp. or exp Jordan/  6664 

114 Kazakhstan.mp. or exp Kazakhstan/ ( 3461 

115 Kenya.mp. or exp Kenya/  21100 

116 Kiribati.mp. or exp Micronesia/  2160 

117 
exp Korea/ or Korea.mp. or exp "Democratic People's 
Republic of Korea"/ or exp "Republic of Korea"/  

64323 

118 Kosovo.mp. or exp Kosovo/  840 

119 exp Kyrgyzstan/ or Kyrgyz.mp.  1397 

120 Lao.mp. or exp Laos/  3050 

121 Lebanon.mp. or exp Lebanon/  5871 
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122 Lesotho.mp. or exp Lesotho/ () 720 

123 Liberia.mp. or exp Liberia/ () 1809 

124 Libya.mp. or exp Libya/  1526 

125 exp "Macedonia (Republic)"/ or Macedonia.mp. () 1212 

126 Madagascar.mp. or exp Madagascar/  5100 

127 Malawi.mp. or exp Malawi/  7388 

128 Malaysia.mp. or exp Malaysia/  20092 

129 Maldives.mp. or exp Indian Ocean Islands/  12867 

130 Mali.mp. or exp Mali/  3870 

131 Marshall Islands.mp. or exp Micronesia/  2167 

132 Mauritania.mp. or exp Mauritania/  699 

133 Mauritius.mp. or exp Mauritius/  985 

134 exp Mexico/ or Mexico.mp.  57909 

135 Micronesia.mp. or exp Micronesia/  2419 

136 Moldova.mp. or exp Moldova/  1012 

137 Mongolia.mp. or exp Mongolia/  4370 

138 Montenegro.mp. or exp Montenegro/  799 

139 Morocco.mp. or exp Morocco/  7636 

140 Mozambique.mp. or exp Mozambique/  3784 

141 Myanmar.mp. or exp Myanmar/  4020 

142 Namibia.mp. or exp Namibia/  1713 

143 Nauru.mp. or exp Micronesia/  2141 

144 Nepal.mp. or exp Nepal/  11131 

145 Nicaragua.mp. or exp Nicaragua/  2083 

146 exp Niger/ or Niger.mp.  12614 

147 exp Niger/ or Niger.mp.  12614 

148 Nigeria.mp. or exp Nigeria/  34325 

149 Pakistan.mp. or exp Pakistan/  23756 

150 Papua New Guinea.mp. or exp Papua New Guinea/  5174 

151 Paraguay.mp. or exp Paraguay/  1603 

152 Peru.mp. or exp Peru/  12821 

153 Philippines.mp. or exp Philippines/  11581 

154 Romania.mp. or exp Romania/  12371 

155 exp Russia/ or Russia.mp.  65165 

156 Rwanda.mp. or exp Rwanda/  3437 

157 
exp Samoa/ or Samoa.mp. or exp "Independent State of 
Samoa"/  

1107 

158 Timor.mp.  662 

159 Senegal.mp. or exp Senegal/  7527 

160 Serbia.mp. or exp Serbia/ () 5193 

161 Sierra Leone.mp. or exp Sierra Leone/ () 2347 

162 Solomon Islands.mp. or exp Melanesia/ () 6994 

163 Somalia.mp. or exp Somalia/  2259 
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164 South Africa.mp. or exp South Africa/  52109 

165 exp Sudan/ or exp South Sudan/ or Sudan.mp.  8651 

166 Sri Lanka.mp. or exp Sri Lanka/  8063 

167 Saint Lucia.mp. or exp Saint Lucia/  121 

168 

 (Vincent and the Grenadines).mp. [mp=title, abstract, 
original title, name of substance word, subject heading 
word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol 
supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms]  

8651 

169 exp Sudan/ or Sudan.mp.  1168 

170 Suriname.mp. or exp Suriname/  921 

171 Swaziland.mp. or exp Swaziland/  2927 

172 Syria.mp. or exp Syria/  999 

173 Tajikistan.mp. or exp Tajikistan/  14642 

174 Tanzania.mp. or exp Tanzania/  35246 

175 Thailand.mp. or exp Thailand/  399 

176 Timor-Leste.mp. or exp Timor-Leste/  1678 

177 Togo.mp. or exp Togo/  451 

178 Tonga.mp. or exp Tonga/  90 

179 Tunisia.mp. or Tunisia/  10240 

180 exp Turkey/ or Turkey.mp. () 52290 

181 Turkmenistan.mp. or exp Turkmenistan/ () 747 

182 Tuvalu.mp. () 65 

183 Uganda.mp. or exp Uganda/  16034 

184 Ukraine.mp. or exp Ukraine/ () 17586 

185 Uzbekistan.mp. or exp Uzbekistan/ () 2255 

186 Vanuatu.mp. or exp Vanuatu/ () 672 

187 Venezuela.mp. or exp Venezuela/  6794 

188 exp Vietnam/ or Vietnam.mp.  17976 

189 

 (West Bank and Gaza).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, 
floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol 
supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms] () 

205 

190 Yemen.mp. or exp Yemen/  2008 

191 Zambia.mp. or exp Zambia/  6101 

192 Zimbabwe.mp. or exp Zimbabwe/  7411 

193 
43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 
53 or 54  

138004 
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194 

55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 
65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 
75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 
85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 
95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or 
104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 or 
112 or 113 or 114 or 115 or 116 or 117 or 118 or 119 or 
120 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 
128 or 129 or 130 or 131 or 132 or 133 or 134 or 135 or 
136 or 137 or 138 or 139 or 140 or 141 or 142 or 143 or 
144 or 145 or 146 or 147 or 148 or 149 or 150 or 151 or 
152 or 153 or 154 or 155 or 156 or 157 or 158 or 159 or 
160 or 161 or 162 or 163 or 164 or 165 or 166 or 167 or 
168 or 169 or 170 or 171 or 172 or 173 or 174 or 175 or 
176 or 177 or 178 or 179 or 180 or 181 or 182 or 183 or 
184 or 185 or 186 or 187 or 188 or 189 or 190 or 191 or 
192  

1530131 

195 193 or 194  1590932 

196  18 and 32 and 41 and 195  425 

 
Final search output: 425 
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Search Summary-2 
 
Name of the database: EMBASE (via Ovid) 
Date of search: 08 October 2021 
Timeline: November 2008 to October 2021  
Search Language: English 

Line # Theme Search Language 
Output 

# 

1.  Hypoxaemia hypoxemia.mp. or exp hypoxemia 185053 

2.  hypoxaemia.mp. or exp hypoxemia 179756 

3.  anoxia.mp. or exp anoxia 18565 

4.  hypoxia.mp. or exp hypoxia 220645 

5.  exp pulse oximetry/ or exp oximetry/ or oximetry.mp.  32644 

6.  oximeter.mp. or exp pulse oximeter/ or exp oximeter 9570 

7.  exp pulse oximeter/ or oximetre.mp.  4696 

8.  oxymetry.mp. or exp oximetry 29785 

9.  oxymeter.mp. or exp oximeter 7032 

10.  oxymetre.mp.  10 

11.  
blood oxygen saturation.mp. or exp blood oxygen tension/ 
or exp oxygen blood level 

13047 

12.  
arterial oxygen saturation.mp. or exp arterial oxygen 
saturation/ or exp arterial oxygen tension 

23200 

13.  
exp arterial oxygen tension/ or exp arterial gas/ or exp 
blood gas analysis/ or exp blood gas/ or blood gas 
monitoring.mp 

96898 

14.  blood gas analysis.mp. or exp blood gas analysis 26011 

15.  
exp arterial gas/ or exp blood gas analysis/ or analysis blood 
gas.mp. or exp blood gas 

96821 

16.  
exp arterial oxygen saturation/ or exp oxygen saturation/ 
or exp pulse oximetry/ or SpO2.mp. or exp oximetry 

98190 

17.  
exp arterial oxygen saturation/ or exp oxygen saturation/ 
or exp pulse oximetry/ or SPO2.mp. or exp oximetry 

98190 

18.  
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 
13 or 14 or 15 or 16 or 17  

419024 

19.  
Pneumonia exp pneumonia/ or exp bacterial pneumonia/ or 

pneumonia.mp. or exp virus pneumonia 
378952 

20.  
exp pneumonia/ or severe pneumonia.mp. or exp bacterial 
pneumonia 

335707 

21.  severe disease.mp.  32437 

22.  very severe disease.mp.  386 

23.  
bronchiolitis.mp. or exp bronchiolitis/ or exp viral 
bronchiolitis/ or exp bronchiolitis obliterans organizing 
pneumonia 

26335 

24.  
acute respiratory infection.mp. or exp respiratory tract 
infection 

422221 

25.  
exp pneumonia/ or exp respiratory tract infection/ or 
ARI.mp.  

623374 

26.  
 acute respiratory infections.mp. or exp respiratory tract 
infection 

422453 

27.  
acute respiratory tract infection.mp. or exp respiratory 
tract infection 

421869 

28.  exp respiratory tract infection/ or ARTI.mp 422904 
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29.  
acute respiratory tract infections.mp. or exp respiratory 
tract infection 

421932 

30.  

respiratory tract disease/ or exp acute respiratory tract 
disease/ or exp respiratory tract infection/ or exp 
upper respiratory tract congestion/ or respiratory 
illness.mp.  

478690 

31.  

respiratory tract disease/ or exp acute respiratory tract 
disease/ or exp respiratory tract infection/ or exp 
upper respiratory tract congestion/ or respiratory 
illnesses.mp.  

477203 

32.  
19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 
29 or 30 or 31  

757123 

33.  
children under 
5 years of age 

 exp hospitalized child/ or child*.mp. or exp child care/ or 
exp child hospitalization/ or exp child health/ or 
exp child health care 

274980
1 

34.  
 exp hospitalized child/ or child*.mp. or exp child 
hospitalization/ or exp child health/ or exp child health 
care 

274693
3 

35.   exp infant care/ or exp hospitalized infant/ or infant*.mp.  868324 

36.   exp infant care/ or exp hospitalized infant/ or infant*.mp.  868324 

37.  Pediatric.mp. or exp pediatrics 575529 

38.  Pediatrics.mp. or exp pediatrics 154873 

39.  Paediatric.mp. or exp pediatrics 208410 

40.  Paediatrics.mp. or exp pediatrics 118440 

41.  
33 or 34 or 35 or 36 or 37 or 38 or 39 or 40  320399

7 

42.  Low- and 
Middle-
Income 
Country 

 exp developing country/ or developing countr*.mp.  140390 

43.  low-and middle income countr*.mp.  22831 

44.  
 exp middle income country/ or LMIC*.mp. or exp 
developing country 

109400 

45.  
exp middle income country/ or exp low income country/ or 
low income countr*.mp. or exp developing country 
 

114651 

46.  
low income country/ or exp middle income country/ or exp 
developing country/ or middle income countr*.mp. 
 

124293 

47.  
exp developing country/ or exp low income country/ or 
lower middle income countr*.mp.  

102519 

48.  upper middle income countr*.mp.  661 

49.  Afghanistan.mp. or exp Afghanistan 9229 

50.  Albania.mp. or exp Albania 2326 

51.  American Samoa.mp. or exp American Samoa 470 

52.  Angola.mp. or exp Angola 1968 

53.  Armenia.mp. or exp Armenia 2288 

54.  Azerbaijan.mp. or exp Azerbaijan 2495 

55.  Bangladesh.mp. or exp Bangladesh 22201 

56.  Belarus.mp. or exp Belarus 3346 

57.  Belize.mp. or exp Belize 1098 

58.  Benin.mp. or exp Benin 5566 

59.  Bhutan.mp. or exp Bhutan 1185 

60.  Bolivia.mp. or exp Bolivia 4793 

61.  
(Bosnia and Herzegovina).mp. [mp=title, abstract, heading 
word, drug trade name, original title, device 

3562 



Chapter 13: page 469 

 

manufacturer, drug manufacturer, device trade name, 
keyword, floating subheading word, candidate term word]  

62.  Botswana.mp. or exp Botswana 3454 

63.  exp Brazil/ or Brazil.mp.  156620 

64.  Bulgaria.mp. or exp Bulgaria 9681 

65.  Burkina Faso.mp. or exp Burkina Faso 5913 

66.  Burundi.mp. or exp Burundi 1173 

67.  Cabo Verde.mp. or exp Cape Verde 479 

68.  Cambodia.mp. or exp Cambodia 6483 

69.   Cameroon.mp. or exp Cameroon 9641 

70.  
Central African Republic.mp. or exp Central African 
Republic 

1349 

71.  Chad.mp. or exp Chad 1734 

72.  China.mp. or exp China 405192 

73.   Colombia.mp. or exp Colombia 25591 

74.   Comoros.mp. or exp Comoros 559 

75.  
exp Democratic Republic Congo/ or exp Congo/ or 
Congo.mp.  

20650 

76.  Costa Rica.mp. or exp Costa Rica 6278 

77.  Ivory Coast.mp. or exp Cote d'Ivoire 3959 

78.  Cuba.mp. or Cuba 8837 

79.  Djibouti.mp. or exp Djibouti) 553 

80.   Djibouti.mp. or exp Djibouti 553 

81.  
exp "Dominican (Dominica)"/ or Dominica.mp. or exp 
Dominica 

764 

82.  Dominican Republic.mp. or exp Dominican Republic 3271 

83.  Ecuador.mp. or exp Ecuador 7640 

84.  exp Egypt/ or Egypt.mp 30517 

85.  exp Egypt/ or Egypt.mp 30517 

86.  El Salvador.mp. or exp El Salvador 2423 

87.  Equatorial Guinea.mp. or exp Equatorial Guinea 705 

88.  Eritrea.mp. or exp Eritrea 840 

89.  Ethiopia.mp. or exp Ethiopia 23227 

90.  Fiji.mp. or exp Fiji 2666 

91.  Gabon.mp. or exp Gabon 2465 

92.  Gambia.mp. or exp Gambia 3471 

93.  
Georgia.mp. or exp "Georgia (republic)"/ or exp "South 
Georgia and the South Sandwich Islands" 

12977 

94.  Ghana.mp. or exp Ghana) 15280 

95.  Grenada.mp. or exp Grenada) 458 

96.  Guatemala.mp. or exp Guatemala 5258 

97.   exp Guinea-Bissau/ or Guinea.mp. or exp Guinea 112538 

98.  Guinea-Bissau.mp. or exp Guinea-Bissau 1377 

99.  Guyana.mp. or exp Guyana 1447 

100.  Haiti.mp. or exp Haiti 5084 

101.   Honduras.mp. or exp Honduras 2574 

102.  exp India/ or India.mp.  231518 

103.  exp India/ or India.mp.  231518 

104.  exp India/ or India.mp.  231518 

105.  Indonesia.mp. or exp Indonesia 28042 

106.  Iran.mp. or exp Iran 76031 

107.   Iraq.mp. or exp Iraq 15085 
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108.  Jamaica.mp. or exp Jamaica 4562 

109.  Jordan.mp. or exp Jordan 11118 

110.   Kazakhstan.mp. or exp Kazakhstan 4775 

111.  Kenya.mp. or exp Kenya 26424 

112.  Kiribati.mp. or exp Kiribati 250 

113.  
exp North Korea/ or Korea.mp. or exp Korea/ or exp South 
Korea 

103268 

114.  Kosovo.mp. or exp Kosovo 1431 

115.  Kyrgyz Republic.mp. or exp Kyrgyzstan 1302 

116.  Laos/ or Lao PDR.mp. 2756 

117.  Lebanon.mp. or exp Lebanon 7757 

118.  Lesotho.mp. or exp Lesotho 1009 

119.  Liberia.mp. or exp Liberia 2270 

120.  Libya.mp. or exp Libyan Arab Jamahiriya 2177 

121.  exp "Macedonia (republic)"/ or Macedonia.mp.  2357 

122.  Madagascar.mp. or exp Madagascar 6097 

123.  Malawi.mp. or exp Malawi 9928 

124.  Malaysia.mp. or exp Malaysia 31159 

125.  Maldives.mp. or exp Maldives 551 

126.  Mali.mp. or exp Mali 5296 

127.  exp Marshall Islands/ or Marshall Islands.mp.  372 

128.  Mauritania.mp. or exp Mauritania 902 

129.  Mauritius.mp. or exp Mauritius 1345 

130.  exp Mexico/ or exp Mexico City/ or Mexico.mp.  69945 

131.  Micronesia.mp. or exp "Federated States of Micronesia"  1261 

132.  Micronesia.mp. or exp "Federated States of Micronesia" 1261 

133.  Moldova.mp. or exp Moldova) 1441 

134.  exp Mongolia/ or Mongolia.mp.  6282 

135.   Montenegro.mp. or exp "Montenegro (republic)" 1461 

136.  Morocco.mp. or exp Morocco 10176 

137.  Mozambique.mp. or exp Mozambique 5141 

138.  Myanmar.mp. or exp Myanmar 5561 

139.  Namibia.mp. or exp Namibia 2342 

140.  Nauru.mp. or exp Nauru 191 

141.  Nepal.mp. or exp Nepal 15738 

142.  Nicaragua.mp. or exp Nicaragua 2880 

143.  exp Niger/ or Niger.mp.  22149 

144.  Nigeria.mp. or exp Nigeria 46805 

145.  Pakistan.mp. or exp Pakistan) 38546 

146.  Papua New Guinea.mp. or exp Papua New Guinea 6455 

147.  Paraguay.mp. or exp Paraguay 2289 

148.  Peru.mp. or exp Peru 17534 

149.  Philippines.mp. or exp Philippines 14269 

150.  Romania.mp. or exp Romania 15655 

151.  Russian Federation.mp. or exp Russian Federation  58634 

152.  Rwanda.mp. or exp Rwanda 4780 

153.  exp Samoa/ or Samoa.mp.  1258 

154.  

(Sao Tome and Principe).mp. [mp=title, abstract, heading 
word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, 
keyword, floating subheading word, candidate term word]  

223 

155.  exp Senegalia senegal/ or exp Senegal/ or Senegal.mp.  8356 
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156.  Serbia.mp. or exp Serbia 8866 

157.  Sierra Leone.mp. or exp Sierra Leone 3277 

158.  Solomon Islands.mp. or exp Solomon Islands 998 

159.   Somalia.mp. or exp Somalia 2583 

160.  South Africa.mp. or exp South Africa 63344 

161.  South Sudan.mp. or exp Sudan/ or exp South Sudan/  6815 

162.  Sri Lanka.mp. or exp Sri Lanka 10832 

163.  Saint Lucia.mp. or exp Saint Lucia 154 

164.  

(Saint Vincent and the Grenadines).mp. [mp=title, abstract, 
heading word, drug trade name, original title, 
device manufacturer, drug manufacturer, device trade 
name, keyword, floating subheading word, candidate term 
word]  

90 

165.  exp Sudan/ or Sudan.mp. or exp South Sudan 10875 

166.  Suriname.mp. or exp Suriname 1225 

167.  Swaziland.mp. or exp Swaziland 1565 

168.  Syrian Arab Republic.mp. or exp Syrian Arab Republic/  2965 

169.  Tajikistan.mp. or exp Tajikistan 1116 

170.  Tanzania.mp. or exp Tanzania 18529 

171.  Thailand.mp. or exp Thailand 45080 

172.  Timor-Leste.mp. or exp Timor-Leste 760 

173.  Togo.mp. or exp Togo 2096 

174.  exp Tonga/ or Tonga.mp.  598 

175.  Tunisia.mp. or exp Tunisia 12789 

176.  Turkey.mp.  75844 

177.  Turkmenistan.mp. or exp Turkmenistan 599 

178.  Tuvalu.mp. or exp Tuvalu 102 

179.  Uganda.mp. or exp Uganda 21051 

180.  Ukraine.mp. or exp Ukraine 15286 

181.  Uzbekistan.mp. or exp Uzbekistan 2386 

182.  Vanuatu.mp. or exp Vanuatu 822 

183.  Venezuela.mp. or exp Venezuela 7906 

184.  Vietnam.mp. or exp Viet Nam 22219 

185.  exp Palestine/ or Gaza.mp. or exp Palestinian 3329 

186.  Yemen.mp. or exp Yemen 2713 

187.  Zambia.mp. or exp Zambia 7731 

188.  Zimbabwe.mp. or exp Zimbabwe 8083 

189.  

42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 
52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 
or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 
or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 
or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 
or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 
or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 
109 or 110 or 111 or 112 or 113 or 114 or 115 or 116 or 117 
or 118 or 119 or 120 or 121 or 122 or 123 or 124 or 125 or 
126 or 127 or 128 or 129 or 130 or 131 or 132 or 133 or 134 
or 135 or 136 or 137 or 138 or 139 or 140 or 141 or 142 or 
143 or 144 or 145 or 146 or 147 or 148 or 149 or 150 or 151 
or 152 or 153 or 154 or 155 or 156 or 157 or 158 or 159 or 
160 or 161 or 162 or 163 or 164 or 165 or 166 or 167 or 168 
or 169 or 170 or 171 or 172 or 173 or 174 or 175 or 176 or 
177 or 178 or 179 or 180 or 181 or 182 or 183 or 184 or 185 

208541
0 
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or 186 or 187 or 188  

190.  18 and 32 and 41 and 189  807 

 
Final search output: 807 
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Search Summary-3 

 
Name of the database: GLOBAL HEALTH (via Ovid) 
Date of search: 05 February 2019 
Timeline: November 2008 to February 2019 
Search Language: English  

Line 
# 

Theme Search Language 
Output 

# 

1.  
Hypoxaemia hypoxemia.mp. [mp=abstract, title, original title, broad terms, 

heading words, identifiers, cabicodes]  
505 

2.  
hypoxaemia.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

217 

3.  
anoxia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

393 

4.  
hypoxia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

4325 

5.  
oximetry.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

350 

6.  
oximeter.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

97 

7.  
oximetre.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1 

8.  
oxymetry.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

12 

9.  
oxymeter.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

6 

10.  
oxymetre.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

0 

11.  
blood oxygen saturation.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

83 

12.  
arterial oxygen saturation.mp. [mp=abstract, title, original 
title, broad terms, heading words, identifiers, cabicodes]  

111 

13.  
blood gas monitoring.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

6 

14.  
blood gas analysis.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

291 

15.  
analysis blood gas.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

0 

16.  
SpO2.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

395 

17.  
SPO2.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

395 

18.  
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 
or 14 or 15 or 16 or 17  

6094 

19.  
Pneumonia pneumonia.mp. [mp=abstract, title, original title, broad 

terms, heading words, identifiers, cabicodes]  
23912 

20.  
severe pneumonia.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

1056 

21.  
severe disease.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

3526 

22.  
very severe disease.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

46 
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23.  
bronchiolitis.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

1597 

24.  
acute respiratory infection.mp. [mp=abstract, title, original 
title, broad terms, heading words, identifiers, cabicodes]  

846 

25.  
ARI.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

846 

26.  
acute respiratory infections.mp. [mp=abstract, title, original 
title, broad terms, heading words, identifiers, cabicodes]  

985 

27.  
acute respiratory tract infections.mp. [mp=abstract, title, 
original title, broad terms, heading words, identifiers, 
cabicodes]  

368 

28.  
ARTI.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

149 

29.  
acute respiratory tract infections.mp. [mp=abstract, title, 
original title, broad terms, heading words, identifiers, 
cabicodes]  

368 

30.  
respiratory illness*.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

2031 

31.  
respiratory illnesses*.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

577 

32.  
19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 
or 30 or 31  

31692 

33.  
children 
under 5 years 
of age 

child.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

55244 

34.  
children.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

209960 

35.  
infant.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

34055 

36.  
infants.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

65307 

37.  
pediatric.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

22238 

38.  
pediatrics.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

4805 

39.  
paediatric.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

8904 

40.  
paediatrics.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3341 

41.  33 or 34 or 35 or 36 or 37 or 38 or 39 or 40  263930 

42.  
Low- and 
Middle-
Income 
Country  

Afghanistan.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

1515 

43.  
Albania.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

735 

44.  
Albania.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

735 

45.  
American Samoa.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

112 

46.  
Angola.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

672 

47.  
Armenia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

326 

48.  
Azerbaijan.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

546 
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49.  
Bangladesh.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

7717 

50.  
Belarus.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

568 

51.  
Belize.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

181 

52.  
Benin.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2179 

53.  
Bhutan.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

417 

54.  
Bolivia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1276 

55.  
(Bosnia and Herzegovina).mp. [mp=abstract, title, original 
title, broad terms, heading words, identifiers, cabicodes]  

578 

56.  
Botswana.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1097 

57.  
Brazil.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

57836 

58.  
Bulgaria.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3181 

59.  
Burkina Faso.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

2593 

60.  
Burundi.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

291 

61.  
Cabo Verde.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

17 

62.  
Cambodia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2188 

63.  
Cameroon.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3674 

64.  
Central African Republic.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

398 

65.  
Chad.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

501 

66.  
China.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

140022 

67.  
Colombia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

6489 

68.  
Comoros.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

168 

69.  
(Democratic Republic of Congo or DR Congo or DRC or the 
Congo).mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

4453 

70.  
Congo.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

4298 

71.  
Costa Rica.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1257 

72.  
Ivory Coast.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1864 

73.  
Cuba.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2711 

74.  
Djibouti.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

159 
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75.  
Dominica.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

148 

76.  
Dominican Republic.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

598 

77.  
Ecuador.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1523 

78.  
Egypt.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

8075 

79.  
El Salvador.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

471 

80.  
Equatorial Guinea.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

201 

81.  
Eritrea.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

227 

82.  
Ethiopia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

7844 

83.  
Fiji.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

382 

84.  
Gabon.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

777 

85.  
Gambia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

948 

86.  
Georgia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3603 

87.  
Ghana.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

5846 

88.  
Grenada.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

134 

89.  
Guatemala.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1227 

90.  
(Guinea-Bissau or Guinea Bissau).mp. [mp=abstract, title, 
original title, broad terms, heading words, identifiers, 
cabicodes]  

414 

91.  
Guyana.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

281 

92.  
Haiti.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1216 

93.  
Honduras.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

518 

94.  
India.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

71629 

95.  
Indonesia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

6099 

96.  
Iran.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

39859 

97.  
Iraq.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2448 

98.  
Jamaica.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

819 

99.  
Jordan.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2043 

100.  
Kazakhstan.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

806 
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101.  
Kenya.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

8859 

102.  
Kiribati.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

70 

103.  
Korea.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

19978 

104.  
Kosovo.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

400 

105.  
Kyrgyz.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

47 

106.  
Lao.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1180 

107.  
Lebanon.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1592 

108.  
Lesotho.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

369 

109.  
Liberia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

694 

110.  
Libya.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

575 

111.  
Macedonia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

849 

112.  
Madagascar.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

1400 

113.  
Malawi.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3882 

114.  
Malaysia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

8375 

115.  
Maldives.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

109 

116.  
Mali.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1738 

117.  
Marshall Islands.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

87 

118.  
Mauritania.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

231 

119.  
Mauritius.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

327 

120.  
Mexico.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

13948 

121.  
Micronesia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

469 

122.  
Moldova.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

349 

123.  
Mongolia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1699 

124.  
Montenegro.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

487 

125.  
Morocco.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

4146 

126.  
Mozambique.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

1877 
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127.  
Myanmar.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2052 

128.  
Namibia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

601 

129.  
Nauru.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

44 

130.  
Nepal.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

4514 

131.  
Nicaragua.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

732 

132.  
Niger.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

7584 

133.  
Pakistan.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

11064 

134.  
Papua New Guinea.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

1144 

135.  
Paraguay.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

621 

136.  
Peru.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

4376 

137.  
Philippines.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2927 

138.  
Romania.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

5990 

139.  
Russia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

7296 

140.  
Rwanda.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1357 

141.  
Samoa.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

277 

142.  
(Timor-Liste or Timor Liste or Timor).mp. [mp=abstract, title, 
original title, broad terms, heading words, identifiers, 
cabicodes]  

286 

143.  
Senegal.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2443 

144.  
Serbia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3061 

145.  
Sierra Leone.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

999 

146.  
Solomon Islands.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

263 

147.  
Somalia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

644 

148.  
South Africa.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

17163 

149.  
South Sudan.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

386 

150.  
Sri Lanka.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2841 

151.  
Saint Lucia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

65 

152.  
(Vincent and the Grenadines).mp. [mp=abstract, title, original 
title, broad terms, heading words, identifiers, cabicodes]  

44 
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153.  
Sudan.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3106 

154.  
Suriname.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

279 

155.  
Swaziland.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

501 

156.  
Syria.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

820 

157.  
Tajikistan.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

278 

158.  
Tanzania.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

6627 

159.  
Thailand.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

13856 

160.  
Timor-Leste.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

173 

161.  
Togo.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

707 

162.  
Tonga.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

132 

163.  
Tunisia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

3836 

164.  
Turkey.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

25147 

165.  
Turkmenistan.mp. [mp=abstract, title, original title, broad 
terms, heading words, identifiers, cabicodes]  

90 

166.  
Tuvalu.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

29 

167.  
Uganda.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

7227 

168.  
Ukraine.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1415 

169.  
Uzbekistan.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

337 

170.  
Vanuatu.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

211 

171.  
Venezuela.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2273 

172.  
Vietnam.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

5464 

173.  
(West Bank and Gaza).mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

101 

174.  
Yemen.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

916 

175.  
Zambia.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2634 

176.  
Zimbabwe.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

2171 

177.  

 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 
or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 
63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 
or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 
84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 

569993 
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or 95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or 
104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 or 112 
or 113 or 114 or 115 or 116 or 117 or 118 or 119 or 120 or 121 
or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129 or 130 
or 131 or 132 or 133 or 134 or 135 or 136 or 137 or 138 or 139 
or 140 or 141 or 142 or 143 or 144 or 145 or 146 or 147 or 148 
or 149 or 150 or 151 or 152 or 153 or 154 or 155 or 156 or 157 
or 158 or 159 or 160 or 161 or 162 or 163 or 164 or 165 or 166 
or 167 or 168 or 169 or 170 or 171 or 172 or 173 or 174 or 175 
or 176  

178.  
developing countr*.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

567746 

179.  
low-and middle income countr*.mp. [mp=abstract, title, 
original title, broad terms, heading words, identifiers, 
cabicodes]  

5367 

180.  
LMIC*.mp. [mp=abstract, title, original title, broad terms, 
heading words, identifiers, cabicodes]  

1389 

181.  
low income countr*.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

2855 

182.  
middle income countr*.mp. [mp=abstract, title, original title, 
broad terms, heading words, identifiers, cabicodes]  

6787 

183.  
lower middle income countr*.mp. [mp=abstract, title, original 
title, broad terms, heading words, identifiers, cabicodes]  

285 

184.  
upper middle income countr*.mp. [mp=abstract, title, original 
title, broad terms, heading words, identifiers, cabicodes]  

143 

185.  178 or 179 or 180 or 181 or 182 or 183 or 184  570617 

186.  177 or 185  623022 

187.   18 and 32 and 41 and 186   130 

 
 
Final search output 
130 
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Search Summary-4 
 
Name of the database: Cochrane (Advanced) 
Date of search: 30 September, 2021 
Timeline: January 2008 to September 2021 
Search Language: English 

Line # Theme Search Language Output # 

1 Hypoxaemia hypoxemia 3,210 

2 hypoxaemia  3,210 

3 anoxia 264 

4 hypoxia 7,110 

5 oximetry 4,239 

6 oximeter 1,611 

7 oximetre 10 

8 oxymetry 212 

9 oxymeter 126 

10 oxymetre 1 

11 blood oxygen saturation 7,914 

12 arterial oxygen saturation 5.098 

13 blood gas monitoring 1,513 

14 blood gas analysis 5,573 

15 analysis blood gas 5,573 

16 SpO2 4,599 

17 SPO2 4,599 

18 

1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 
12 or 13 or 14 or 15 or 16 or 17 
hypoxemia OR hypoxaemia OR anoxia OR hypoxia OR 
oximetry OR oximeter OR oximetre OR oxymetry OR 
oxymeter OR oxymetre OR (blood oxygen saturation) 
OR (arterial oxygen saturation) OR (blood gas 
monitoring) OR (blood gas analysis) OR (analysis 
blood gas) OR SpO2 OR SPO2 

27,530 

19 Pneumonia pneumonia  18,602 

20 severe pneumonia 4,571 

21 severe disease 49,561 

22 very severe disease 8,482 

23 bronchiolitis 1,648 

24 acute respiratory infection 5,442 

25 ARI 6,581 

26 acute respiratory infections 4,112 

27 acute respiratory tract infection 2,953 

28 ARTI 116 

29 acute respiratory tract infections 2,394 

30 respiratory illness* 6,484 

31 respiratory illnesses* 997 

32 

19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 
28 or 29 or 30 or 31 
pneumonia OR (severe pneumonia) OR (severe 
disease) OR (very severe disease) OR bronchiolitis OR 
(acute respiratory infection) OR ari OR (acute 
respiratory infections) OR (acute respiratory tract 
infection) OR arti OR (acute respiratory tract 

77,649 
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infections) OR (respiratory illness*) OR (respiratory 
illnesses*) 

33 children 
under 5 years 
of age 

child 176,881 

34 children 176,879 

35 infant 53,917 

36 infants 35,995 

37 pediatric 55,900 

38 pediatrics 28,695 

39 paediatric 55,893 

40 paediatrics 28,695 

41 

33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 
Child* OR children* OR infant* OR infants* OR 
pediatric* OR pediatrics* OR paediatric* OR 
paediatrics* 

226,372 

42 

low- and 
middle-
income 
countries 

Albania OR Algeria OR Angola OR American Samoa OR 
Armenia OR Azerbaijan OR Bangladesh OR Benin OR 
Belarus OR Belize OR Bhutan OR Bolivia OR “Bosnia 
and Herzegovina” OR Botswana OR Brazil OR Bulgaria 
OR "Burkina Faso" OR Burundi OR Cambodia OR 
Cameroon OR "Cape Verde" OR “Central African 
Republic” OR Chad OR China OR Colombia OR 
Comoros OR ”Congo, Dem. Rep” OR “Congo, Rep.” OR 
"Costa Rica" OR "Cote d'Ivoire" OR Cuba OR Djibouti 
OR Dominica OR “Dominican Republic” OR “Ecuador” 
OR " Egypt, Arab Rep." OR "El Salvador" OR Eritrea OR 
Ethiopia OR Ethiopia OR Fiji OR Gabon OR “Gambia, 
The” OR Georgia OR Ghana OR Grenada OR 
Guatemala OR Guinea OR Guyana OR “Guinea-Bissau 
“ OR Haiti OR Honduras OR India OR Maldives OR 
Indonesia OR “Iran, Islamic Rep.” OR Iraq OR Jamaica 
OR Jordan OR Kazakhstan OR Kenya OR Kiribati OR 
“Korea, Dem. People's Rep.” OR Kosovo OR “Kyrgyz 
Republic” OR “Lao PDR” OR Lebanon OR Lesotho OR 
Liberia OR Libya OR “Macedonia, FYR”   OR 
Madagascar OR Malaysia OR Malawi OR Mali OR 
“Marshall Islands” OR Mauritania OR Mauritius OR 
Mexico OR “Micronesia, Fed. Sts.” OR Moldova OR 
Mongolia OR Montenegro OR Morocco OR 
Mozambique OR Myanmar OR Namibia OR Nepal OR 
Nauru OR Nicaragua OR Niger OR Nigeria OR Pakistan 
OR “Papua New Guinea” OR Paraguay OR Peru OR 
Philippines OR Romania OR “Russian Federation” OR 
Rwanda OR Samoa OR " São Tomé and Principe" OR 
Senegal OR Serbia OR " Sierra Leone" OR Somalia OR 
Grenadines OR “Samoan Islands” OR " South Africa" 
OR “St. Lucia” OR “St. Vincent and the Grenadines” 
OR Sudan OR Suriname OR Swaziland OR " Syrian 
Arab Republic" OR "Sri Lanka" OR Tajikistan OR 
Tanzania OR Thailand OR Togo OR Tonga OR Tunisia 
OR Turkey OR Turkmenistan OR Tuvalu OR “Timor-
Leste” OR Uganda OR Ukraine OR Uzbekistan OR 
Vanuatu OR Venezuela, RB OR Vietnam OR “West 
Bank and Gaza” OR “Yemen, Rep.” OR Zambia OR 
Zimbabwe OR (developing countr*) OR (low-and 

184,808 
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middle income countr*) OR (LMIC*) OR (low income 
countr*) OR (middle income countr*) OR (lower 
middle income countr*) OR (upper middle income 
countr*) 

43 
 18 AND 32 AND 41 AND 42 

 
153 

 
Final search output: 153  
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Search Summary 5 
 
Name of the database: Clinicaltrails.gov 
Date of search: 30 September, 2021 
Timeline: November 2008 to September 2021 
Search Language: English 

Line # Theme hypoxemia Output # 

1 Hypoxaemia hypoxemia  884 

2 hypoxaemia 884 

3 anoxia 35 

4 hypoxia 2383 

5 oximetry 1978 

6 oximeter 960 

7 oximetre 0 

8 oxymetry 1978 

9 oxymeter 41 

10 oxymetre 2 

11 blood oxygen saturation 2514 

12 arterial oxygen saturation 4182 

13 blood gas monitoring 198 

14 blood gas analysis 1433 

15 analysis blood gas 1413 

16 spo2 1883 

17 spo2 1883 

18 

1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 
12 or 13 or 14 or 15 or 16 or 17 
hypoxemia OR hypoxaemia OR anoxia OR hypoxia OR 
oximetry OR oximeter OR oximetre OR oxymetry OR 
oxymeter OR oxymetre OR blood oxygen saturation 
OR arterial oxygen saturation OR blood gas 
monitoring OR blood gas analysis OR analysis blood 
gas OR spo2 OR spo2 

9238 

19 Pneumonia pneumonia 10129 

20 “severe pneumonia” 1707 

21 “severe disease” 40422 

22 “very severe disease” 6447 

23 bronchiolitis 447 

24 acute respiratory infection 2159 

25 ari 406 

26 acute respiratory infections 2159 

27 acute respiratory tract infection 2335 

28 arti 63 

29 acute respiratory tract infections 2335 

30 respiratory illness 1233 

31 respiratory illnesses 1233 

32 

19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 
28 or 29 or 30 or 31 
pneumonia OR "severe pneumonia" OR "severe 
disease" OR "very severe disease" OR bronchiolitis OR 
acute respiratory infection OR ari OR acute 
respiratory infections OR acute respiratory tract 
infection OR arti OR acute respiratory tract infections 
OR respiratory illness OR respiratory illnesses 

9,179 
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33 children 
under 5 years 
of age 

child 85169 

34 children 85169 

35 infant 14246 

36 infants 14246 

37 pediatric 15308 

38 pediatrics 6618 

39 paediatric 6609 

40 paediatrics 6618 

41 
33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 
child OR children OR infant OR infants OR pediatric 
OR pediatrics OR paediatric OR paediatrics 

89244 

42 

 developing country OR developing countries OR low-
and middle income country OR low-and middle 
income countries OR LMIC OR LMICs OR low income 
country OR low income countries OR middle income 
country OR middle income countries OR lower middle 
income country OR lower middle income countries OR 
upper middle income country OR upper middle 
income countries OR Afghanistan OR Albania OR 
Albania OR American Samoa OR Angola OR Armenia 
OR Azerbaijan OR Bangladesh OR Belarus OR Belize OR 
Benin OR Bhutan OR Bolivia OR Bosnia and 
Herzegovina OR Botswana OR Brazil OR Bulgaria OR 
Burkina Faso OR Burundi OR Cabo Verde OR Cambodia 
OR Cameroon OR Central African Republic OR Chad OR 
China OR Colombia OR Comoros OR DRC OR Congo OR 
Costa Rica OR Ivory Coast OR Cuba OR Djibouti OR 
Dominica OR Dominican Republic OR Ecuador OR 
Egypt OR El Salvador OR Guinea OR Eritrea OR Ethiopia 
OR Fiji OR Gabon OR Gambia OR Georgia OR Ghana OR 
Grenada OR Guatemala OR Guinea OR Guinea-Bissau 
OR Guyana OR Haiti OR Honduras OR India OR 
Indonesia OR Iran OR Iraq OR Jamaica OR Jordan OR 
Kazakhstan OR Kenya OR Kiribati OR Korea OR Kosovo 
OR Kyrgyz OR  Lao OR Lebanon OR Lesotho OR Liberia 
OR Libya OR Macedonia, FYR OR Madagascar OR 
Malawi OR Malaysia OR Maldives OR Mali OR Marshall 
Islands OR Mauritania OR Mauritius OR Mexico OR 
Micronesia OR Moldova OR Mongolia OR Montenegro 
OR Morocco OR Mozambique OR Myanmar OR 
Namibia OR Nauru OR Nepal OR Nicaragua OR Niger 
OR Nigeria OR Pakistan OR Papua New Guinea 
OR Paraguay OR Peru OR Philippines OR Romania OR 
Russia OR Rwanda OR Samoa OR Timor OR Timor-Liste 
OR Senegal OR Serbia OR Sierra Leone OR Solomon 
Islands OR Somalia OR South Africa OR Sudan OR Sri 
Lanka OR Saint Lucia OR St. Vincent and the 
Grenadines OR Sudan OR Suriname OR Swaziland OR 
Syria OR Tajikistan OR Tanzania OR Thailand OR Timor-
Leste OR Togo OR Tonga OR Tunisia OR Turkey OR 
Turkmenistan OR Tuvalu OR Uganda OR Ukraine OR 
Uzbekistan OR Vanuatu OR Venezuela OR Vietnam OR 
Gaza OR Yemen OR Zambia OR Zimbabwe 
 

154,847 
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43 

 18 AND 32 AND 41 AND 42 
(hypoxemia OR hypoxaemia OR anoxia OR hypoxia OR 
oximetry OR oximeter OR oximetre OR oxymetry OR 
oxymeter OR oxymetre OR blood oxygen saturation 
OR arterial oxygen saturation OR blood gas 
monitoring OR blood gas analysis OR analysis blood 
gas OR spo2 OR spo2) AND (pneumonia OR "severe 
pneumonia" OR "severe disease" OR "very severe 
disease" OR bronchiolitis OR acute respiratory 
infection OR ari OR acute respiratory infections OR 
acute respiratory tract infection OR arti OR acute 
respiratory tract infections OR respiratory illness OR 
respiratory illnesses) AND (child OR children OR infant 
OR infants OR pediatric OR pediatrics OR paediatric 
OR paediatrics) AND (developing country OR 
Developing countries OR low-and middle income 
country OR low-and middle income countries OR 
LMIC OR LMICs OR low income country OR low 
income countries OR middle income country OR 
middle income countries OR lower middle income 
country OR lower middle income countries OR upper 
middle income country OR upper middle income 
countries OR Afghanistan OR Albania OR Albania OR 
“American Samoa” OR Angola OR Armenia OR 
Azerbaijan OR Bangladesh OR Belarus OR Belize OR 
Benin OR Bhutan OR Bolivia OR Bosnia and 
Herzegovina OR Botswana OR Brazil OR Bulgaria OR 
Burkina Faso OR Burundi OR Cabo Verde OR 
Cambodia OR Cameroon OR Central African Republic 
OR Chad OR China OR Colombia OR Comoros OR DRC 
OR Congo OR Costa Rica OR Ivory Coast OR Cuba OR 
Djibouti OR Dominica OR Dominican Republic OR 
Ecuador OR Egypt OR El Salvador OR Guinea OR 
Eritrea OR Ethiopia OR Fiji OR Gabon OR Gambia OR 
Georgia OR Ghana OR Grenada OR Guatemala OR 
Guinea OR Guinea-Bissau OR Guyana OR Haiti OR 
Honduras OR India OR Indonesia OR Iran OR Iraq OR 
Jamaica OR Jordan OR Kazakhstan OR Kenya OR 
Kiribati OR Korea OR Kosovo OR Kyrgyz OR  Lao OR 
Lebanon OR Lesotho OR Liberia OR Libya OR 
Macedonia, FYR OR Madagascar OR Malawi OR 
Malaysia OR Maldives OR Mali OR Marshall Islands 
OR Mauritania OR Mauritius OR Mexico OR 
Micronesia OR Moldova OR Mongolia OR 
Montenegro OR Morocco OR Mozambique OR 
Myanmar OR Namibia OR Nauru OR Nepal OR 
Nicaragua OR Niger OR Nigeria OR Pakistan OR Papua 
New Guinea OR Paraguay OR Peru OR Philippines OR 
Romania OR Russia OR Rwanda OR Samoa OR Timor 
OR Timor-Liste OR Senegal OR Serbia OR Sierra Leone 
OR Solomon Islands OR Somalia OR South Africa OR 
Sudan OR Sri Lanka OR Saint Lucia OR St. Vincent and 
the Grenadines OR Sudan OR Suriname OR Swaziland 
OR Syria OR Tajikistan OR Tanzania OR Thailand OR 

85 
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Timor-Leste OR Togo OR Tonga OR Tunisia OR Turkey 
OR Turkmenistan OR Tuvalu OR Uganda OR Ukraine 
OR Uzbekistan OR Vanuatu OR Venezuela OR Vietnam 
OR Gaza OR Yemen OR Zambia OR Zimbabwe) 
 

 
Final search output: 85 
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Search Summary 6 
 
Name of the database: SCOPUS (Advanced) 
Date of search: 29 September, 2021 
Timeline: November 2008 to September 2021 
Search Language: English 

Line # Theme Search Language Output # 

1 Hypoxaemia hypoxemia 77,572 

2 hypoxaemia  18,843 

3 anoxia 126,145 

4 hypoxia 703,759 

5 oximetry 58,162 

6 oximeter 15,210 

7 oximetre 1 

8 oxymetry 2,156 

9 oxymeter 400 

10 oxymetre 93 

11 “blood oxygen saturation” 5,699 

12 “arterial oxygen saturation” 16,179 

13 “blood gas monitoring” 3,389 

14 “blood gas analysis” 38,710 

15 “analysis blood gas” 23 

16 SpO2 9,072 

17 SPO2 9,072 

18 

1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 
11 or 12 or 13 or 14 or 15 or 16 or 17 
( hypoxemia )  OR  ( hypoxaemia )  OR  ( anoxia )
  OR  ( hypoxia )  OR  ( oximetry )  OR  ( oximeter
 )  OR  ( oximetre )  OR  ( oxymetry )  OR  ( oxym
eter )  OR  ( oxymetre )  OR  ( "blood oxygen 
saturation" )  OR  ( "arterial oxygen 
saturation" )  OR  ( "blood gas 
monitoring" )  OR  ( "blood gas 
analysis" )  OR  ( "analysis blood 
gas" )  OR  ( spo2 )  OR  ( spo2 )  

910,266 

19 Pneumonia pneumonia  608,133 

20 “severe pneumonia” 15,974 

21 “severe disease” 43,407 

22 “very severe disease” 302 

23 bronchiolitis 51,454 

24 “acute respiratory infection” 28,443 

25 ARI 176,104 

26 “acute respiratory infections” 28,443 

27 “acute respiratory tract infection” 13,820 

28 ARTI 30,077 

29 “acute respiratory tract infections” 13,820 

30 “respiratory illness*” 38,309 

31 “respiratory illnesses*” 9,267 

32 

19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 
27 or 28 or 29 or 30 or 31 
( pneumonia )  OR  ( "severe 
pneumonia" )  OR  ( "severe 
disease" )  OR  ( "very severe 

910,802 
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disease" )  OR  ( bronchiolitis )  OR  ( "acute 
respiratory infection" )  OR  ( ari )  OR  ( "acute 
respiratory infections" )  OR  ( "acute respiratory 
infections" )  OR  ( "acute respiratory tract 
infection" )  OR  ( arti )  OR  ( "acute respiratory 
tract infections" )  OR  ( "respiratory 
illness*" )  OR  ( "respiratory illnesses*" ) 

33 children under 
5 years of age 

Child* 7,610,183 

34 Children* 5,027,116 

35 Infant* 2,626,853 

36 Infants* 1,074,853 

37 Pediatric* 3,941,378 

38 Pediatrics* 2,339,629 

39 Paediatric* 985,834 

40 Paediatrics* 437,141 

41 

33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 
( child* )  OR  ( children* )  OR  ( infant* )  OR  ( 
infants* )  OR  ( pediatric* )  OR  ( pediatrics* )  
OR  ( paediatric* )  OR  ( paediatrics* ) 

9,337,152 

42 

low- and 
middle-income 
countries 

Albania OR Algeria OR Angola OR American 
Samoa OR Armenia OR Azerbaijan OR 
Bangladesh OR Benin OR Belarus OR Belize OR 
Bhutan OR Bolivia OR “Bosnia and Herzegovina” 
OR Botswana OR Brazil OR Bulgaria OR "Burkina 
Faso" OR Burundi OR Cambodia OR Cameroon 
OR "Cape Verde" OR “Central African Republic” 
OR Chad OR China OR Colombia OR Comoros 
OR ”Congo, Dem. Rep” OR “Congo, Rep.” OR 
"Costa Rica" OR "Cote d'Ivoire" OR Cuba OR 
Djibouti OR Dominica OR “Dominican Republic” 
OR “Ecuador” OR " Egypt, Arab Rep." OR "El 
Salvador" OR Eritrea OR Ethiopia OR Ethiopia 
OR Fiji OR Gabon OR “Gambia, The” OR Georgia 
OR Ghana OR Grenada OR Guatemala OR 
Guinea OR Guyana OR “Guinea-Bissau “ OR 
Haiti OR Honduras OR India OR Maldives OR 
Indonesia OR “Iran, Islamic Rep.” OR Iraq OR 
Jamaica OR Jordan OR Kazakhstan OR Kenya OR 
Kiribati OR “Korea, Dem. People's Rep.” OR 
Kosovo OR “Kyrgyz Republic” OR “Lao PDR” OR 
Lebanon OR Lesotho OR Liberia OR Libya OR 
“Macedonia, FYR”   OR Madagascar OR 
Malaysia OR Malawi OR Mali OR “Marshall 
Islands” OR Mauritania OR Mauritius OR Mexico 
OR “Micronesia, Fed. Sts.” OR Moldova OR 
Mongolia OR Montenegro OR Morocco OR 
Mozambique OR Myanmar OR Namibia OR 
Nepal OR Nauru OR Nicaragua OR Niger OR 
Nigeria OR Pakistan OR “Papua New Guinea” 
OR Paraguay OR Peru OR Philippines OR 
Romania OR “Russian Federation” OR Rwanda 
OR Samoa OR " São Tomé and Principe" OR 
Senegal OR Serbia OR " Sierra Leone" OR 
Somalia OR Grenadines OR “Samoan Islands” 

758,189 
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OR " South Africa" OR “St. Lucia” OR “St. 
Vincent and the Grenadines” OR Sudan OR 
Suriname OR Swaziland OR " Syrian Arab 
Republic" OR "Sri Lanka" OR Tajikistan OR 
Tanzania OR Thailand OR Togo OR Tonga OR 
Tunisia OR Turkey OR Turkmenistan OR Tuvalu 
OR “Timor-Leste” OR Uganda OR Ukraine OR 
Uzbekistan OR Vanuatu OR Venezuela, RB OR 
Vietnam OR “West Bank and Gaza” OR “Yemen, 
Rep.” OR Zambia OR Zimbabwe OR (developing 
countr*) OR (“low-and middle income countr*”) 
OR (LMIC*) OR (“low income countr*”) OR 
(“middle income countr*”) OR (“lower middle 
income countr*”) OR (“upper middle income 
countr*”) 

43 

 18 AND 32 AND 41 AND 42 
(with filter 
NURSING, MEDICINE-Limit to 
HUMAN, HUMANS- Limit to 
JOURNAL- Limit to) 
 

665 

 
Final search output : 665 
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Search Summary 7 
Name of the database: CINHAL 
Date of search: 30 September, 2021 
Timeline: November 2008 to September 2021 
Search Language: English 

Line # Theme Search Language Output # 

1 Hypoxaemia hypoxemia 3,895 

2 hypoxaemia  678 

3 anoxia 7,135 

4 hypoxia 14,894 

5 oximetry 6,768 

6 oximeter 3,134 

7 oximetre 0 

8 oxymetry 47 

9 oxymeter 19 

10 oxymetre 4 

11 blood oxygen saturation 1,351 

12 arterial oxygen saturation 990 

13 blood gas monitoring 645 

14 blood gas analysis 5,354 

15 analysis blood gas 1,293 

16 SpO2 1,718 

17 SPO2 1,718 

18 

1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 
12 or 13 or 14 or 15 or 16 or 17 
hypoxemia OR hypoxaemia OR anoxia OR hypoxia 
OR oximetry OR oximeter OR oximetre OR oxymetry 
OR oxymeter OR oxymetre OR (blood oxygen 
saturation) OR (arterial oxygen saturation) OR 
(blood gas monitoring) OR (blood gas analysis) OR 
(analysis blood gas) OR SpO2 OR SPO2 

33,731 

19 Pneumonia pneumonia  46,202 

20 severe pneumonia 786 

21 severe disease 3,915 

22 very severe disease 45 

23 bronchiolitis 3,219 

24 acute respiratory infection 1,114 

25 ARI 4,183 

26 acute respiratory infections 1,114 

27 acute respiratory tract infection 386 

28 ARTI 6,416 

29 acute respiratory tract infections 386 

30 respiratory illness* 4,802 

31 respiratory illnesses* 627 

32 

19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 
28 or 29 or 30 or 31 
pneumonia OR (severe pneumonia) OR (severe 
disease) OR (very severe disease) OR bronchiolitis 
OR (acute respiratory infection) OR ari OR (acute 
respiratory infections) OR (acute respiratory tract 
infection) OR arti OR (acute respiratory tract 
infections) OR (respiratory illness*) OR (respiratory 
illnesses*) 

67,715 
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33 children 
under 5 years 
of age 

Child* 848,219 

34 Children* 401,406 

35 Infant* 314,473 

36 Infants* 76,280 

37 Pediatric* 182,754 

38 Pediatrics* 33,177 

39 Paediatric* 27,335 

40 Paediatrics* 12,813 

41 

33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 
Child* OR children* OR infant* OR infants* OR 
pediatric* OR pediatrics* OR paediatric* OR 
paediatrics* 

998,872 

42 

low- and 
middle-
income 
countries 

Albania OR Algeria OR Angola OR American Samoa 
OR Armenia OR Azerbaijan OR Bangladesh OR Benin 
OR Belarus OR Belize OR Bhutan OR Bolivia OR 
“Bosnia and Herzegovina” OR Botswana OR Brazil 
OR Bulgaria OR "Burkina Faso" OR Burundi OR 
Cambodia OR Cameroon OR "Cape Verde" OR 
“Central African Republic” OR Chad OR China OR 
Colombia OR Comoros OR ”Congo, Dem. Rep” OR 
“Congo, Rep.” OR "Costa Rica" OR "Cote d'Ivoire" OR 
Cuba OR Djibouti OR Dominica OR “Dominican 
Republic” OR “Ecuador” OR " Egypt, Arab Rep." OR 
"El Salvador" OR Eritrea OR Ethiopia OR Ethiopia OR 
Fiji OR Gabon OR “Gambia, The” OR Georgia OR 
Ghana OR Grenada OR Guatemala OR Guinea OR 
Guyana OR “Guinea-Bissau “ OR Haiti OR Honduras 
OR India OR Maldives OR Indonesia OR “Iran, Islamic 
Rep.” OR Iraq OR Jamaica OR Jordan OR Kazakhstan 
OR Kenya OR Kiribati OR “Korea, Dem. People's 
Rep.” OR Kosovo OR “Kyrgyz Republic” OR “Lao 
PDR” OR Lebanon OR Lesotho OR Liberia OR Libya 
OR “Macedonia, FYR”   OR Madagascar OR Malaysia 
OR Malawi OR Mali OR “Marshall Islands” OR 
Mauritania OR Mauritius OR Mexico OR 
“Micronesia, Fed. Sts.” OR Moldova OR Mongolia OR 
Montenegro OR Morocco OR Mozambique OR 
Myanmar OR Namibia OR Nepal OR Nauru OR 
Nicaragua OR Niger OR Nigeria OR Pakistan OR 
“Papua New Guinea” OR Paraguay OR Peru OR 
Philippines OR Romania OR “Russian Federation” OR 
Rwanda OR Samoa OR " São Tomé and Principe" OR 
Senegal OR Serbia OR " Sierra Leone" OR Somalia OR 
Grenadines OR “Samoan Islands” OR " South Africa" 
OR “St. Lucia” OR “St. Vincent and the Grenadines” 
OR Sudan OR Suriname OR Swaziland OR " Syrian 
Arab Republic" OR "Sri Lanka" OR Tajikistan OR 
Tanzania OR Thailand OR Togo OR Tonga OR Tunisia 
OR Turkey OR Turkmenistan OR Tuvalu OR “Timor-
Leste” OR Uganda OR Ukraine OR Uzbekistan OR 
Vanuatu OR Venezuela, RB OR Vietnam OR “West 
Bank and Gaza” OR “Yemen, Rep.” OR Zambia OR 
Zimbabwe OR (developing countr*) OR (low-and 
middle income countr*) OR (LMIC*) OR (low income 

438,431 
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countr*) OR (middle income countr*) OR (lower 
middle income countr*) OR (upper middle income 
countr*) 

43  18 AND 32 AND 41 AND 42 66 

 
Final search output : 66 
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Search Summary 8 
 
Name of the database: PubMed (Advanced) 
Date of search: 29 September, 2021 
Timeline: November 2008 to September 2021 
Search Language: English 

Line # Theme Search Language Output # 

1 Hypoxaemia hypoxemia 181,951 

2 hypoxaemia  181,951 

3 anoxia 174,123 

4 hypoxia 170,128 

5 oximetry 20,991 

6 oximeter 4,324 

7 oximetre 0 

8 oxymetry 21,276 

9 oxymeter 157 

10 oxymetre 11 

11 blood oxygen saturation 37,918 

12 arterial oxygen saturation 17,275 

13 blood gas monitoring 13,164 

14 blood gas analysis 60,188 

15 analysis blood gas 60,188 

16 SpO2 7,221 

17 SPO2 7,221 

18 

Search ((((((((((((((((hypoxemia) OR hypoxaemia) OR 
anoxia) OR hypoxia) OR oximetry) OR oximeter) OR 
oximetre) OR oxymetry) OR oxymeter) OR oxymetre) OR 
blood oxygen saturation) OR arterial oxygen saturation) 
OR blood gas monitoring) OR blood gas analysis) OR 
analysis blood gas) OR SpO2) OR SPO2 

263,664 

19 Pneumonia pneumonia  335,840 

20 severe pneumonia 64,569 

21 severe disease 763,868 

22 very severe disease 763,868 

23 bronchiolitis 14,288 

24 acute respiratory infection 86,480 

25 ARI 7,231 

26 acute respiratory infections 80,388 

27 acute respiratory tract infection 73,381 

28 ARTI 2,155 

29 acute respiratory tract infections 71,954 

30 respiratory illness* 47,137 

31 respiratory illnesses* 6,388 

32 

Search ((((((((((((pneumonia) OR severe pneumonia) OR 
severe disease) OR very severe disease) OR bronchiolitis) 
OR acute respiratory infection) OR ARI) OR acute 
respiratory infections) OR acute respiratory tract 
infection) OR ARTI) OR acute respiratory tract infections) 
OR respiratory illness*) OR respiratory illnesses* 

1,122,148 
 

33 children 
under 5 years 
of age 

Child* 2,960,040 

34 Children* 1,515,039 

35 Infant* 1,351,126 

https://pubmed.ncbi.nlm.nih.gov/?term=hypoxemia&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=hypoxaemia&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=anoxia&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=hypoxia&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=oximetry&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=oximeter&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=oxymetry&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=blood+oxygen+saturation&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=arterial+oxygen+saturation&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=blood+gas+monitoring&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=blood+gas+analysis&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=analysis+blood+gas&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=SpO2&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=SpO2&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%28%28%28%28%28%28%28%28%28%28%28%28%28%28hypoxemia%29+OR+%28hypoxaemia%29%29+OR+%28anoxia%29%29+OR+%28hypoxia%29%29+OR+%28oximetry%29%29+OR+%28oximeter%29%29+OR+%28oximetre%29%29+OR+%28oxymetry%29%29+OR+%28oxymeter%29%29+OR+%28oxymetre%29%29+OR+%28blood+oxygen+saturation%29%29+OR+%28arterial+oxygen+saturation%29%29+OR+%28blood+gas+monitoring%29%29+OR+%28blood+gas+analysis%29%29+OR+%28analysis+blood+gas%29%29+OR+%28SpO2%29%29+OR+%28SPO2%29&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=pneumonia+&sort=
https://pubmed.ncbi.nlm.nih.gov/?term=severe+pneumonia&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=severe+disease&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=very+severe+disease&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=bronchiolitis&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=acute+respiratory+infection&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=ARI&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=acute+respiratory+infections&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=acute+respiratory+tract+infection&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=ARTI&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=acute+respiratory+tract+infections&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=respiratory+illness%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=respiratory+illnesses%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%28%28%28%28%28%28%28%28%28%28pneumonia%29+OR+severe+pneumonia%29+OR+severe+disease%29+OR+very+severe+disease%29+OR+bronchiolitis%29+OR+acute+respiratory+infection%29+OR+ARI%29+OR+acute+respiratory+infections%29+OR+acute+respiratory+tract+infection%29+OR+ARTI%29+OR+acute+respiratory+tract+infections%29+OR+respiratory+illness%2A%29+OR+respiratory+illnesses%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=Child%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=Children%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=Infant%2A&ac=no&sort=relevance
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36 Infants* 282,393 

37 Pediatric* 988,382 

38 Pediatrics* 524,507 

39 Paediatric* 187,928 

40 Paediatrics* 79,099 

41 
Search (((((((Child*) OR Children*) OR Infant*) OR 
Infants*) OR Pediatric*) OR Pediatrics*) OR Paediatric*) 
OR Paediatrics* 

3,722,177 

42 

low- and 
middle-
income 
countries 

Search (Albania OR Algeria OR Angola OR American 
Samoa OR Armenia OR Azerbaijan OR Bangladesh OR 
Benin OR Belarus OR Belize OR Bhutan OR Bolivia OR 
“Bosnia and Herzegovina” OR Botswana OR Brazil OR 
Bulgaria OR "Burkina Faso" OR Burundi OR Cambodia OR 
Cameroon OR "Cape Verde" OR “Central African 
Republic” OR Chad OR China OR Colombia OR Comoros 
OR ”Congo, Dem. Rep” OR “Congo, Rep.” OR "Costa 
Rica" OR "Cote d'Ivoire" OR Cuba OR Djibouti OR 
Dominica OR “Dominican Republic” OR “Ecuador” OR " 
Egypt, Arab Rep." OR "El Salvador" OR Eritrea OR 
Ethiopia OR Ethiopia OR Fiji OR Gabon OR “Gambia, The” 
OR Georgia OR Ghana OR Grenada OR Guatemala OR 
Guinea OR Guyana OR “Guinea-Bissau “ OR Haiti OR 
Honduras OR India OR Maldives OR Indonesia OR “Iran, 
Islamic Rep.” OR Iraq OR Jamaica OR Jordan OR 
Kazakhstan OR Kenya OR Kiribati OR “Korea, Dem. 
People's Rep.” OR Kosovo OR “Kyrgyz Republic” OR “Lao 
PDR” OR Lebanon OR Lesotho OR Liberia OR Libya OR 
“Macedonia, FYR” OR Madagascar OR Malaysia OR 
Malawi OR Mali OR “Marshall Islands” OR Mauritania OR 
Mauritius OR Mexico OR “Micronesia, Fed. Sts.” OR 
Moldova OR Mongolia OR Montenegro OR Morocco OR 
Mozambique OR Myanmar OR Namibia OR Nepal OR 
Nauru OR Nicaragua OR Niger OR Nigeria OR Pakistan OR 
“Papua New Guinea” OR Paraguay OR Peru OR 
Philippines OR Romania OR “Russian Federation” OR 
Rwanda OR Samoa OR " São Tomé and Principe" OR 
Senegal OR Serbia OR " Sierra Leone" OR Somalia OR 
Grenadines OR “Samoan Islands” OR " South Africa" OR 
“St. Lucia” OR “St. Vincent and the Grenadines” OR 
Sudan OR Suriname OR Swaziland OR " Syrian Arab 
Republic" OR "Sri Lanka" OR Tajikistan OR Tanzania OR 
Thailand OR Togo OR Tonga OR Tunisia OR Turkey OR 
Turkmenistan OR Tuvalu OR “Timor-Leste” OR Uganda 
OR Ukraine OR Uzbekistan OR Vanuatu OR Venezuela, RB 
OR Vietnam OR “West Bank and Gaza” OR “Yemen, Rep.” 
OR Zambia OR Zimbabwe OR (developing countr*) OR 
(low-and middle income countr*) OR (LMIC*) OR (low 
income countr*) OR (middle income countr*) OR (lower 
middle income countr*) OR (upper middle income 
countr*)) 

5,178,516 

43 

 18 AND 32 AND 41 AND 42 
((((((((((((((((((((hypoxemia) OR hypoxaemia) OR anoxia) 
OR hypoxia) OR oximetry) OR oximeter) OR oximetry) OR 
oxymetry) OR oximeter) OR oxymetry) OR blood oxygen 

907 

https://pubmed.ncbi.nlm.nih.gov/?term=Infants%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=Pediatric%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=Pediatrics%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=Paediatric%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=Paediatrics%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%28%28%28%28%28Child%2A%29+OR+Children%2A%29+OR+Infant%2A%29+OR+Infants%2A%29+OR+Pediatric%2A%29+OR+Pediatrics%2A%29+OR+Paediatric%2A%29+OR+Paediatrics%2A&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=longquery9de4a9f03ebf404078d1&ac=no&sort=relevance
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saturation) OR arterial oxygen saturation) OR blood gas 
monitoring) OR blood gas analysis) OR analysis blood 
gas) OR SpO2) OR SPO2)) AND (((((((((((((pneumonia) OR 
severe pneumonia) OR severe disease) OR very severe 
disease) OR bronchiolitis) OR acute respiratory infection) 
OR ARI) OR acute respiratory infections) OR acute 
respiratory tract infection) OR arti) OR acute respiratory 
tract infections) OR respiratory illness*) OR respiratory 
illnesses*)) AND ((((((((Child*) OR Children*) OR Infant*) 
OR Infants*) OR Pediatric*) OR Pediatrics*) OR 
Paediatric*) OR Paediatrics*)) AND ((albania OR algeria 
OR angola OR american samoa OR armenia OR 
azerbaijan OR bangladesh OR benin OR belarus OR belize 
OR bhutan OR bolivia OR "Bosnia and Herzegovina" OR 
botswana OR brazil OR bulgaria OR "Burkina Faso" OR 
burundi OR cambodia OR cameroon OR "Cape Verde" OR 
"Central African Republic" OR chad OR china OR 
colombia OR comoros OR "Congo, Dem. Rep" OR 
"Congo, Rep." OR "Costa Rica" OR "Cote d'Ivoire" OR 
cuba OR djibouti OR dominica OR "Dominican Republic" 
OR "Ecuador" OR "Egypt, Arab Rep." OR "El Salvador" OR 
eritrea OR ethiopia OR ethiopia OR fiji OR gabon OR 
"Gambia, The" OR georgia OR ghana OR grenada OR 
guatemala OR guinea OR guyana OR "Guinea-Bissau " OR 
haiti OR honduras OR india OR maldives OR indonesia OR 
"Iran, Islamic Rep." OR iraq OR jamaica OR jordan OR 
kazakhstan OR kenya OR kiribati OR "Korea, Dem. 
People's Rep." OR kosovo OR "Kyrgyz Republic" OR "Lao 
PDR" OR lebanon OR lesotho OR liberia OR libya OR 
"Macedonia, FYR" OR madagascar OR malaysia OR 
malawi OR mali OR "Marshall Islands" OR mauritania OR 
mauritius OR mexico OR "Micronesia, Fed. Sts." OR 
moldova OR mongolia OR montenegro OR morocco OR 
mozambique OR myanmar OR namibia OR nepal OR 
nauru OR nicaragua OR niger OR nigeria OR pakistan OR 
"Papua New Guinea" OR paraguay OR peru OR 
philippines OR romania OR "Russian Federation" OR 
rwanda OR samoa OR "Sao Tome and Principe" OR 
senegal OR serbia OR "Sierra Leone" OR somalia OR 
grenadines OR "Samoan Islands" OR "South Africa" OR 
"St. Lucia" OR "St. Vincent and the Grenadines" OR 
sudan OR suriname OR swaziland OR "Syrian Arab 
Republic" OR "Sri Lanka" OR tajikistan OR tanzania OR 
thailand OR togo OR tonga OR tunisia OR turkey OR 
turkmenistan OR tuvalu OR "Timor-Leste" OR uganda OR 
ukraine OR uzbekistan OR vanuatu OR venezuela, rb OR 
vietnam OR "West Bank and Gaza" OR "Yemen, Rep." OR 
zambia OR zimbabwe OR (developing countr*) OR (low-
and middle income countr*) OR (LMIC*) OR (low income 
countr*) OR (middle income countr*) OR (lower middle 
income countr*) OR (upper middle income countr*))) 
 

 
Final search output: 907 
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Search Summary 9 
Name of the database:  

• Global Index Medicus (WHO) 

• African Index Medicus (AFRO) 

• literature of Latin America and the Caribbean (AMRO/Pan American Health Organizaton) 

• The Index Medicus for the Estern Mediterranean Region (IMEMR/ EMRO) 

• The Index Medicus for South- East Asia Region (IMSEAR/ SEARO) 

• Western Pacific Region Index Medicus (WPRIM/ WPRO) 
Date of search: 30 September, 2021 
Timeline: November 2008 to September 2021 
Search Language: English 

Line # Theme Search Language Output # 

1 Hypoxaemia (tw:(hypoxemia)) AND (instance:"ghl")  3.987 

2 tw:(hypoxaemia) AND (instance:"ghl") 101 

3 tw:(anoxia) AND (instance:"ghl") 4,848 

4 tw:(hypoxia) AND (instance:"ghl") 9.655 

5 tw:(oximetry) AND (instance:"ghl") 1.034 

6 tw:(oximeter) AND (instance:"ghl") 297 

7 oximetre 0 

8 tw:(oxymetry) AND (instance:"ghl") 83 

9 tw:(oxymeter) AND (instance:"ghl") 37 

10 oxymetre 0 

11 tw:(blood oxygen saturation ) AND (instance:"ghl") 2.152 

12 tw:(arterial oxygen saturation) AND (instance:"ghl") 1.616 

13 tw:(blood gas monitoring ) AND (instance:"ghl") 620 

14 tw:(blood gas analysis ) AND (instance:"ghl") 3.715 

15 tw:(analysis blood gas ) AND (instance:"ghl") 3.715 

16 tw:(spo2) AND (instance:"ghl") 1.095 

17 tw:(spo2) AND (instance:"ghl") 1.095 

18 

1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 
13 or 14 or 15 or 16 or 17 
tw:(hypoxemia OR hypoxaemia OR anoxia OR hypoxia OR 
oximetry OR oximeter OR oximetre OR oxymetry OR 
oxymeter OR oxymetre OR (blood oxygen saturation) OR 
(arterial oxygen saturation) OR (blood gas monitoring) 
OR (blood gas analysis) OR (analysis blood gas) OR spo2 
OR spo2) AND (instance:"ghl") 

18,269 

19 Pneumonia tw:(pneumonia) AND (instance:"ghl") 22.597 

20 tw:(severe pneumonia) AND (instance:"ghl") 4.682 

21 tw:(severe disease ) AND (instance:"ghl") 41.648 

22 tw:(very severe disease ) AND (instance:"ghl") 2.533 

23 tw:(bronchiolitis) AND (instance:"ghl") 1.540 

24 tw:(acute respiratory infection) AND (instance:"ghl")  6.270 

25 tw:(ari) AND (instance:"ghl") 703 

26 tw:(acute respiratory infections) AND (instance:"ghl") 5.168 

27 
tw:(acute respiratory tract infection) AND 
(instance:"ghl") 

2.266 

28 tw:(arti) AND (instance:"ghl") 140 

29 
tw:(acute respiratory tract infections) AND 
(instance:"ghl") 

2.084 

30 tw:(respiratory illness*) AND (instance:"ghl") 3.477 

31 tw:(respiratory illnesses*) AND (instance:"ghl") 1.398 
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32 

19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 
29 or 30 or 31 
tw:(pneumonia OR (severe pneumonia) OR (severe 
disease) OR (very severe disease) OR bronchiolitis OR 
(acute respiratory infection) OR ari OR (acute respiratory 
infections) OR (acute respiratory tract infection) OR arti 
OR (acute respiratory tract infections) OR (respiratory 
illness*) OR (respiratory illnesses*) ) AND (instance:"ghl") 

68.111 

33 children 
under 5 
years of age 

tw:(child* ) AND (instance:"ghl") 253.850 

34 tw:(children*) AND (instance:"ghl") 212.838 

35 tw:(infant*) AND (instance:"ghl") 169.620 

36 tw:(infants*) AND (instance:"ghl") 92.959 

37 tw:(pediatric*) AND (instance:"ghl") 56.773 

38 tw:(pediatrics* ) AND (instance:"ghl")  13.240 

39 tw:(paediatric*) AND (instance:"ghl") 4.003 

40 tw:(paediatrics*) AND (instance:"ghl") 669 

41 

33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 
tw:(child* OR children* OR infant* OR infants* OR 
pediatric* OR pediatrics* OR paediatric* OR 
paediatrics*) AND (instance:"ghl") 

327.748 

42  18 AND 32 AND 41 376 

 
Final search output: 376 
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Search Summary 10 
 
Name of the database: IndMed (Advanced) 
Date of search: 29 January 2019 
Timeline: November 2008 to January 2019 
Search Language: English 

Line # Theme Search Language Output # 

1 

Hypoxaemia hypoxemia OR hypoxaemia OR anoxia OR hypoxia OR 
oximetry OR oximeter OR oximetre OR oxymetry OR 
oxymeter OR oxymetre OR blood oxygen saturation OR 
arterial oxygen saturation OR blood gas monitoring OR 
blood gas analysis OR analysis blood gas OR SpO2 OR 
SPO2 

685 

2 

Pneumonia pneumonia OR severe pneumonia OR severe disease OR 
very severe disease OR bronchiolitis OR acute respiratory 
infection OR ARI OR acute respiratory infections OR acute 
respiratory tract infection OR ARTI OR acute respiratory 
tract infections OR respiratory illness OR respiratory 
illnesses 

3081 

3 
children 
under 5 
years of age 

child OR children OR infant OR infants OR pediatric OR 
pediatrics OR paediatric OR paediatrics 15800 

4  1 AND 2 AND 3 33 

 
Final search output :33 
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Search Summary 11 
 
Name of the database: Web of Science (Advanced) 
Date of search: 29 September, 2021 
Timeline: November 2008 to September 2021     
Search Language: English 

Line 
# 

Theme Search Language Output # 

1 Hypoxaemia TS=( Hypoxemia)  19,563 

2 TS=(hypoxaemia) 2,790 

3 TS=(anoxia) 14,241 

4 TS=(hypoxia) 164,284 

5 TS=(oximetry) 14,422 

6 TS=(oximeter) 4,006 

7 TS=( oximetre) 2 

8 TS=( oxymetry) 502 

9 TS=(oxymeter) 155 

10 TS=(oxymetre) 0 

11 TS=(blood oxygen saturation) 16,069 

12 TS=(arterial oxygen saturation) 10,510 

13 TS=(blood gas monitoring) 6,075 

14 TS=(blood gas analysis) 15,105 

15 TS=(analysis blood gas) 15,105 

16 TS=(SpO2) 1,910 

17 TS=(SPO2) 1,910 

18 
#17 OR #16 OR #15 OR #14 OR #13 OR #12 OR #11 
OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR 
#3 OR #2 OR #1 

233,989 

19 Pneumonia TS= (Pneumonia)  144,419 

20 TS=(severe pneumonia) 25,168 

21 TS=(severe disease) 336,104 

22 TS=(very severe disease) 21,394 

23 TS=(bronchiolitis) 16,072 

24 TS=(acute respiratory infection) 42,365 

25 TS=(acute respiratory infections) 42,365 

26 TS=(ARI) 4,984 

27 TS=(acute respiratory tract infection) 11,598 

28 TS=(acute respiratory tract infections) 11,598 

29 TS=(ARTI) 705 

30 TS=(respiratory illness*) 25,705 

31 TS=( respiratory illnesses*) 5,564 

32 
#31 OR #30 OR #29 OR #28 OR #27 OR #26 OR #25 
OR #24 OR #23 OR #22 OR #21 OR #20 OR #19 

517,330 

33 Children 
under 5 years 
of age 

TS=(child*)  2,013,398 

34 TS=(children*) 1,585,570 

35 TS=(infant*) 474,019 

36 TS=(infants*s) 7 

37 TS=( pediatric*) 379,321 

38 TS=(pediatrics*) 44,193 

39 TS=(paediatric*) 75,210 

40 TS=(paediatrics*) 8,380 

41 
#40 OR #39 OR #38 OR #37 OR #36 OR #35 OR #34 
OR #33 

2,472,694 
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42 

Low- and 
Middle-
Income 
Country 

CU=(Afghanistan) OR CU=(Albania) OR CU=(Algeria) 
OR CU=(Angola) OR CU=(American Samoa) OR 
CU=(Armenia) OR CU=(Azerbaijan) OR 
CU=(Bangladesh) OR CU=(Benin) OR CU=(Belarus) 
OR CU=(Belize) OR CU=(Bhutan) OR CU=(Bolivia) OR 
CU=(Bosnia and Herzegovina) OR CU=(Botswana) 
OR CU=(Brazil) OR CU=(Bulgaria) OR CU=("Burkina 
Faso") OR CU=(Burundi) OR CU=(Cambodia) OR 
CU=(Cameroon) OR CU=("Cape Verde") OR 
CU=(Central African Republic) OR CU=(Chad) OR 
CU=(China) OR CU=(Colombia) OR CU=(Comoros) 
OR CU=(Congo, Dem. Rep) OR CU=(Congo, Rep.) OR 
CU=("Costa Rica") OR CU=("Cote d'Ivoire") OR 
CU=(Cuba) OR CU=(Djibouti) OR CU=(Dominica) OR 
CU=(Dominican Republic) OR CU=(Ecuador) OR 
CU=(Egypt) OR CU=("El Salvador") OR CU=(Eritrea) 
OR CU=(Ethiopia) OR CU=(Ethiopia) OR CU=(Fiji) OR 
CU=(Gabon) OR CU=(Gambia) OR CU=(Georgia) OR 
CU=(Ghana) OR CU=(Grenada) OR CU=(Guatemala) 
OR CU=(Guinea) OR CU=(Guyana) OR CU=(“Guinea-
Bissau") OR CU=(Haiti) OR CU=(Honduras) OR 
CU=(India) OR CU=(Maldives) OR CU=(Indonesia) OR 
CU=(Iran) OR CU=(Iraq) OR CU=(Jamaica) OR 
CU=(Jordan) OR CU=(Kazakhstan) OR CU=(Kenya) 
OR CU=(Kiribati) OR CU=(Korea) OR CU=(Kosovo) 
OR CU=(Kyrgyz Republic) OR CU=(Lao PDR) OR 
CU=(Lebanon) OR CU=(Lesotho) OR CU=(Liberia) OR 
CU=(Libya) OR CU=(Macedonia, FYR)  OR 
CU=(Madagascar) OR CU=(Malaysia) OR 
CU=(Malawi) OR CU=(Mali) OR TS=(Marshall 
Islands) OR CU=(Mauritania) OR CU=(Mauritius) OR 
CU=(Mexico) OR CU=(Micronesia) OR 
CU=(Moldova) OR CU=(Mongolia) OR 
CU=(Montenegro) OR CU=(Morocco) OR 
CU=(Mozambique) OR CU=(Myanmar) OR 
CU=(Namibia) OR CU=(Nepal) OR CU=(Nauru) OR 
CU=(Nicaragua) OR CU=(Niger) OR CU=(Nigeria) OR 
CU=(Pakistan) OR CU=(Papua New Guinea) OR 
CU=(Paraguay) OR CU=(Peru) OR CU=(Philippines) 
OR CU=(Romania) OR CU=(Russia) OR CU=(Rwanda) 
OR CU=(Samoa) OR CU=(Senegal) OR CU=(Serbia) 
OR CU=("Sierra Leone") OR CU=(Somalia) OR 
CU=(Grenadines) OR CU=(Samoan Islands) OR 
CU=("South Africa") OR CU=(St. Lucia) OR CU=(St. 
Vincent and the Grenadines) OR CU=(Sudan) OR 
CU=(Suriname) OR CU=(Swaziland) OR CU=(Syrian) 
OR CU=("Sri Lanka") OR CU=(Tajikistan) OR 
CU=(Tanzania) OR CU=(Thailand) OR CU=(Togo) OR 
CU=(Tonga) OR CU=(Tunisia) OR CU=(Turkey) OR 
CU=(Turkmenistan) OR CU=(Tuvalu) OR CU=(Timor-
Leste) OR CU=(Uganda) OR CU=(Ukraine) OR 
CU=(Uzbekistan) OR CU=(Vanuatu) OR 
CU=(Venezuela) OR CU=(Vietnam) OR CU=(Gaza*) 
OR CU=(Yemen) OR CU=(Zambia) OR 

17,062,517 
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CU=(Zimbabwe) OR CU=(developing countr*) OR 
CU=(low-and middle income countr*) OR CU= 
(LMIC*) OR CU=(low income countr*) OR 
CU=(middle income countr*) OR CU=(lower middle 
income countr*) OR CU=(upper middle income 
countr*) 

43  #42 AND #41 AND #32 AND #18 628 

 
Final search output : 628 
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Annex 13.2: LIST OF ARTICLES DROPPED WITH REASON FOR 

CHAPTER 3: BURDEN OF HYPOXAEMIA AMONG CHILDREN WITH 

PNEUMONIA IN LMICS 

ID Title Reason for exclusion  

1 
Nasal continuous positive airway pressure 
combined midazolam for micro pump infusion for 
severe pneumonia in infants 

Full text not found  

2 

Accuracy of selected devices for the detection of 
pneumonia symptoms-results from laboratory 
testing and field evaluations of respiratory rate 
counters and pulse oximeters with frontline health 
workers in sub-Saharan Africa and Southeast Asia 

Full text not found  

3 
Non-invasive positive pressure ventilation to 
reduce childhood mortality from acute respiratory 
failure in rural Ghana 

Full text not found  

4 

Clinical predictors of hypxemia in children with 
acute respiratory tract infection admitted in 
pediatric department of Southe Valley university 
hospital 

Full text not found  

5 Cost illness of RSV infection in Colombia Full text not found  

6 
Discrimination of pneumonia from other lower 
respiratory tract infections (LRTI) in children aged 0 
to 5 years living at high altitude in Peru 

Full text not found  

7 

Viral and bacterial causes of severe acute 
respiratory illness among children aged less than 5 
years in a high malaria prevalence area of Western 
Kenya, 2007-2010 

Full text not found  

8 
Pneumocystis jirovecii pneumonia among HIV-
exposed, uninfected children in Botswana 

Full text not found  

9 

Can we distinguish pneumonia from wheezy 
diseases in tachypnoeic children under low-
resource conditions? A prospective observational 
study in four Indian hospitals 

Full text not found  

10 
Impact of Human Immunodeficiency Virus Infection 
on the Etiology and Outcome of Severe Pneumonia 
in Malawian Children 

Full text not found  

11 
The combination of CRP,myocardial enzymes 
measurement and blood gas analysis in neonatal 
pneumonia 

Full text not found  

12 
Detection of myocardial enzymes, cardiac troponin 
T and hepatic and renal function in the diagnosis 
and treatment of severe pneumonia in children 

Full text not found  

13 
Value of lung ultrasound on diagnosing transient 
tachypnea of newborn 

Full text not found  

14 
Clinical characteristics of Mycoplasma pneumoniae 
pneumonia with different imaging changes in 
children 

Full text not found  

15 
Effect of Tanreqing injection assisted Ganciclovir on 
children with respiratory syncytial virus pneumonia 

Full text not found  

16 
[Nasal continuous positive airway pressure 
ventilation in children with community-acquired 

Full text not found  
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pneumonia under five years of age: a prospective, 
multi-center clinical study] 

17 Role of zinc in severe pneumonia Full text not found  

18 

Performance of the world health organization 
diagnostic criteria for pneumonia in hospitalized 
Malawian infants with exposure to human 
immunodeficiency virus 

Full text not found  

19 
Assessment of pneumonia in children in resource-
limited settings 

Full text not found  

20 
Stunting predicts poor outcome in children with 
severe pneumonia 

Full text not found  

21 
Blood oxygen saturation levels associated with 
respiratory viruses in children hospitalized with 
pneumonia in Guatemala, 2008-2011 

Full text not found  

22 
Clinical and radiologic features of pneumonia 
caused by staphylococcus aureus and 
streptococcus pneumoniae 

Full text not found  

23 
Obstructive respiratory disease complicating 
pneumonia in children; possible role of viruses in a 
resource poor setting 

Full text not found  

24 
An observational study of peripheral muscle 
oxygenation using nirs in a cohort of nourished and 
malnourished children with pneumonia 

Full text not found  

25 
Predictors of treatment failure among infants with 
acute lower respiratory infection due to respiratory 
syncytial virus in Botswana 

Full text not found  

26 
Lactate as a predictor of mortality in Malawian 
children with WHO-defined pneumonia 

Full text not found  

27 
Predictors of prolonged length of hospital stay for 
infants with bronchiolitis 

Full text not found  

28 
Efficacy of Bronchodilators in Wheeze Associated 
Respiratory Tract Infections 

Full text not found  

29 
Prevalence of hypoxemia in under-five children 
with pneumonia in an emergency pediatrics 
hospital in Sudan 

Full text not found  

30 
[Analysis of clinical manifestations of 159 
hospitalized children infected with 2009 novel 
influenza A (H1N1) virus]. [Chinese] 

Full text not found  

31 
Prevalence of human coronavirus infection in 
children with acute lower respiratory tract 
infection 

Full text not found  

32 
Barriers to pediatric inpatient care guideline 
adherence: A mixed method assessment of eight 
hospitals in Asia and Africa 

Full text not found  

33 
Human rhinovirus infections in hospitalized 
children: clinical, epidemiological and virological 
features 

Full text not found  

34 
Viral and bacterial etiologies of community-
acquired acute lower respiratory infections among 
hospitalized Cambodian patients 

Full text not found  

35 
Efficacy of mechanical expectoration combined 
with oxygen inhalation treatment of infant 
bronchiolitis 

Full text not found  
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36 
Interventional bronchoscopy via laryngeal mask 
airway (LMA) under general anesthesia in children 
using adult flexible bronchoscope 

Full text not found  

37 
Mortality and morbidity of acute hypoxemic 
respiratory failure and acute respiratory distress 
syndrome in infants and young children 

Full text not found  

38 

Response to oxygen therapy using oxygen 
concentrators run off solar power in children with 
respiratory distress in remote primary health 
facilities in Papua New Guinea 

Full text not found  

39 
Clinical Profile and Predictors of Outcome of 
Pediatric Acute Respiratory Distress Syndrome in a 
PICU: A Prospective Observational Study 

Full text not found  

40 
Determinants of Outcome among Under-Five 
Children Hospitalized with Pneumonia at a Tertiary 
Health Facility in South-West Nigeria 

Full text not found  

41 
Efficacy of high flow nasal oxygen therapy in 
children with acute respiratory failure 

Full text not found  

42 
Clinical profile, severity pattern and socio-
demographic risk factors of acute lower respiratory 
tract infection (Alrti) in children in Enugu, Nigeria 

Full text not found  

43 

Hypoxemia predicts death from severe falciparum 
malaria among children under 5 years of age in 
Nigeria: The need for pulse oximetry in case 
management 

Hypoxaemia 
prevalence/denominator 

could not be found 

44 

Density of upper respiratory colonization with 
Streptococcus pneumoniae and its role in the 
diagnosis of pneumococcal pneumonia among 
children aged <5 years in the PERCH study 

Hypoxaemia 
prevalence/denominator 

could not be found 

45 
Nutritional rickets and vitamin D deficiency - 
Association with the outcomes of childhood very 
severe pneumonia: A prospective cohort study 

Hypoxaemia 
prevalence/denominator 

could not be found 

46 
Zinc supplementation in severe acute lower 
respiratory tract infection in children: A triple-blind 
randomized placebo controlled trial 

Hypoxaemia 
prevalence/denominator 

could not be found 

47 

High Mortality Risk in Hypoglycemic and 
Dysglycemic Children Admitted at a Referral 
Hospital in a Non Malaria Tropical Setting of a Low 
Income Country 

Hypoxaemia 
prevalence/denominator 

could not be found 

48 Oil instillation pneumonia - A social evil 
Hypoxaemia 

prevalence/denominator 
could not be found 

49 
Child mortality after discharge from a health facility 
following suspected pneumonia, meningitis or 
septicaemia in rural Gambia: A cohort study 

Hypoxaemia 
prevalence/denominator 

could not be found 

50 
Predictors of death in under-five children with 
diarrhoea admitted to a critical care ward in an 
urban hospital in Bangladesh 

Hypoxaemia 
prevalence/denominator 

could not be found 

51 

Bubble continuous positive airway pressure for 
children with severe pneumonia and hypoxaemia 
in Bangladesh: an open, randomised controlled 
trial 

Hypoxaemia 
prevalence/denominator 

could not be found 
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52 
Incidence and characteristics of early childhood 
wheezing, Dhaka, Bangladesh, 2004-2010 

Hypoxaemia 
prevalence/denominator 

could not be found 

53 
Safety of induced sputum collection in children 
hospitalized with severe or very severe pneumonia 

Hypoxaemia 
prevalence/denominator 

could not be found 

54 
Humoral immune responses to Pneumocystis 
jirovecii antigens in HIV-infected and uninfected 
young children with Pneumocystis pneumonia 

Hypoxaemia 
prevalence/denominator 

could not be found 

55 

Utility and feasibility of integrating pulse oximetry 
into the routine assessment of young infants at 
primary care clinics in Karachi, Pakistan: A cross-
sectional study 

Hypoxaemia 
prevalence/denominator 

could not be found 

56 
Early predictors of unresponsiveness to high-flow 
nasal cannula therapy in a pediatric emergency 
department 

Hypoxaemia 
prevalence/denominator 

could not be found 

57 
Altered regulatory cytokine profiles in cases of 
pediatric respiratory syncytial virus infection 

Hypoxaemia 
prevalence/denominator 

could not be found 

58 
Clinical predictors of chest radiographic 
abnormalities in young children hospitalized with 
bronchiolitis: a single center study 

Hypoxaemia 
prevalence/denominator 

could not be found 

59 

Improved oxygen systems in district hospitals in 
Lao PDR: a prospective field trial of the impact on 
outcomes for childhood pneumonia and 
equipment sustainability 

Hypoxaemia 
prevalence/denominator 

could not be found 

60 
Oral salbutamol for symptomatic relief in mild 
bronchiolitis a double blind randomized placebo 
controlled trial 

Hypoxaemia 
prevalence/denominator 

could not be found 

61 
Hypoxaemia in hospitalised under-five Nigerian 
children with pneumonia 

Hypoxaemia 
prevalence/denominator 

could not be found 

62 
Etiology of severe pneumonia in Ecuadorian 
children 

Hypoxaemia 
prevalence/denominator 

could not be found 

63 
Pentraxin 3 as a clinical marker in children with 
lower respiratory tract infection 

Hypoxaemia 
prevalence/denominator 

could not be found 

64 

Non-treatment of children with community health 
worker-diagnosed fast-breathing pneumonia in 
rural Malawi: Exploratory subanalysis of a 
prospective cohort study 

Hypoxaemia 
prevalence/denominator 

could not be found 

65 

Can we predict oral antibiotic treatment failure in 
children with fast-breathing pneumonia managed 
at the community level? A prospective cohort study 
in Malawi 

Hypoxaemia 
prevalence/denominator 

could not be found 

66 
Comparing the efficacy of 7%, 3% and 0.9% saline 
in moderate to severe bronchiolitis in infants 

Hypoxaemia 
prevalence/denominator 

could not be found 

67 
Clinical predictors of hospital admission in acute 
lower respiratory tract infection in 2 months to 2-
year-old children 

Hypoxaemia 
prevalence/denominator 

could not be found 
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68 
Pneumocystis pneumonia in South African children 
diagnosed by molecular methods 

Hypoxaemia 
prevalence/denominator 

could not be found 

69 
Clinical outcomes of children with acute asthma 
and pneumonia in Mulago hospital, Uganda: a 
prospective study 

Hypoxaemia 
prevalence/denominator 

could not be found 

70 
Respiratory tract cryptosporidiosis is common in 
HIV-seronegative children with intestinal 
cryptosporidium and cough 

Hypoxaemia 
prevalence/denominator 

could not be found 

71 

Impaired gas exchange: accuracy of defining 
characteristics in children with acute respiratory 
infection. (Special Issue: Doctorate education and 
producing knowledge in nursing.) 

Hypoxaemia 
prevalence/denominator 

could not be found 

72 
Phenotypical characterization of human rhinovirus 
infections in severely premature children 

Hypoxaemia 
prevalence/denominator 

could not be found 

73 

Development and Internal Validation of a 
Predictive Model Including Pulse Oximetry for 
Hospitalization of Under-Five Children in 
Bangladesh 

Hypoxaemia 
prevalence/denominator 

could not be found 

74 
Normal saline vs. hypertonic saline nebulization for 
acute bronchiolitis: a randomized clinical trial 

Hypoxaemia 
prevalence/denominator 

could not be found 

75 
Sustainability in the AAP Bronchiolitis Quality 
Improvement Project 

Hypoxaemia 
prevalence/denominator 

could not be found 

76 
Efficacy and safety of Laggera pterodonta in 
children 3-24 months with acute bronchiolitis: a 
randomized controlled trial 

Hypoxaemia 
prevalence/denominator 

could not be found 

77 
Relation between pulse oximetry and clinical score 
in infants with acute bronchiolitis 

Hypoxaemia 
prevalence/denominator 

could not be found 

78 
Safety and efficacy of phenylephrine nasal drops in 
bronchiolitis 

Hypoxaemia 
prevalence/denominator 

could not be found 

79 

Clinical and epidemiological characteristics of 
pandemic influenza A/(H1N1) in hospitalized 
pediatric patients at a University Hospital, Istanbul, 
Turkey 

Hypoxaemia 
prevalence/denominator 

could not be found 

80 
EV-D68 infection in children with asthma 
exacerbation and pneumonia in Mexico City during 
2014 autumn 

Hypoxaemia 
prevalence/denominator 

could not be found 

81 
Y Influenza in patients with hematological 
malignancies: Experience at two comprehensive 
cancer centers 

Hypoxaemia 
prevalence/denominator 

could not be found 

82 

Providing oxygen to children and newborns: a 
multi-faceted technical and clinical assessment of 
oxygen access and oxygen use in secondary-level 
hospitals in southwest Nigeria 

Hypoxaemia 
prevalence/denominator 

could not be found 

83 
Antenatal corticosteroids for women at risk of 
preterm delivery: the "Emperor's New Clothes" tale 
in medical practice 

Hypoxaemia 
prevalence/denominator 

could not be found 
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84 

Acute respiratory illness among a prospective 
cohort of pediatric patients using emergency 
medical services in India: Demographic and 
prehospital clinical predictors of mortality 

Hypoxaemia 
prevalence/denominator 

could not be found 

85 
High-resolution Chest CT Features and Clinical 
Characteristics of Patients Infected with COVID-19 
in Jiangsu, China 

Hypoxaemia 
prevalence/denominator 

could not be found 

86 
Oxygen systems to improve clinical care and 
outcomes for children and neonates: A stepped-
wedge cluster-randomised trial in Nigeria 

Hypoxaemia 
prevalence/denominator 

could not be found 

87 
Paediatric acute respiratory distress syndrome 
incidence and epidemiology (PARDIE): an 
international, observational study 

Hypoxaemia 
prevalence/denominator 

could not be found 

88 
Identify clinical factors related to Mycoplasma 
pneumoniae pneumonia with hypoxia in children 

Hypoxaemia 
prevalence/denominator 

could not be found 

89 
Respiratory Syncytial Virus Vaccination during 
Pregnancy and Effects in Infants 

Hypoxaemia 
prevalence/denominator 

could not be found 

90 
Respiratory compromise in children presenting to 
an urban emergency department of a tertiary 
hospital in Tanzania: a descriptive cohort study 

Hypoxaemia 
prevalence/denominator 

could not be found 

91 
Treatment of respiratory distress syndrome in 
premature infants: A comparison of LISA and 
INSURE methods in the Vietnamese context 

Hypoxaemia 
prevalence/denominator 

could not be found 

92 

Nebulised normal saline in moderate acute 
bronchiolitis and pneumonia in a low- to middle-
income country: a randomised trial in Papua New 
Guinea 

Hypoxaemia 
prevalence/denominator 

could not be found 

93 
Bubble CPAP and oxygen for child pneumonia care 
in Malawi: a CPAP IMPACT time motion study 

Hypoxaemia 
prevalence/denominator 

could not be found 

94 

Usability and acceptability of a multimodal 
respiratory rate and pulse oximeter device in case 
management of children with symptoms of 
pneumonia: A cross-sectional study in Ethiopia 

Hypoxaemia 
prevalence/denominator 

could not be found 

95 
Seizure in Children Under Five Presenting with 
Pneumonia in a Critical Care Ward in Bangladesh: 
Prevalence, Associated Factors, and Outcome 

Hypoxaemia 
prevalence/denominator 

could not be found 

96 

Response to oxygen therapy using oxygen 
concentrators run off solar power in children with 
respiratory distress in remote primary health 
facilities in Papua New Guinea 

Hypoxaemia 
prevalence/denominator 

could not be found 

97 
Randomised controlled trial of oxygen therapy and 
high-low nasal therapy in African children with 
pneumonia 

Hypoxaemia 
prevalence/denominator 

could not be found 

98 

Performance of five pulse oximeters to detect 
hypoxaemia as an indicator of severe illness in 
children under five by frontline health workers in 
low resource settings   A prospective, multicentre, 
single-blinded, trial in Cambodia, Ethiopia, South 
Sudan, and Uganda 

Hypoxaemia 
prevalence/denominator 

could not be found 
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99 
Oxygen systems and quality of care for children 
with pneumonia, malaria and diarrhoea: Analysis of 
a stepped-wedge trial in Nigeria 

Hypoxaemia 
prevalence/denominator 

could not be found 

100 
Limitations to current methods to estimate cause 
of death: a validation study of a verbal autopsy 
model 

Hypoxaemia 
prevalence/denominator 

could not be found 

101 
Human bocavirus-1 screening in infants with acute 
lower respiratory tract infection 

Hypoxaemia 
prevalence/denominator 

could not be found 

102 
Etiology, clinical characteristics and coinfection 
status of bronchiolitis in Suzhou 

Hypoxaemia 
prevalence/denominator 

could not be found 

103 
Near-Infrared Spectroscopy Monitoring of Cerebral 
Oxygenation and Influencing Factors in Neonates 
from High-Altitude Areas 

Hypoxaemia 
prevalence/denominator 

could not be found 

104 
Estimated Cost-effectiveness of Solar-Powered 
Oxygen Delivery for Pneumonia in Young Children 
in Low-Resource Settings 

Hypoxaemia 
prevalence/denominator 

could not be found 

105 
Employing learning health system principles to 
advance research on severe neonatal and 
paediatric illness in Kenya 

Hypoxaemia 
prevalence/denominator 

could not be found 

106 
Effect of ten-valent pneumococcal conjugate 
vaccine introduction on pneumonia hospital 
admissions in Fiji: a time-series analysis 

Hypoxaemia 
prevalence/denominator 

could not be found 

107 
Clinical characteristics of 967 children 
with pertussis: a single-center analysis 
over an 8-year period in Beijing, China 

Hypoxaemia 
prevalence/denominator 

could not be found 

108 

Acute respiratory illness among a prospective 
cohort of pediatric patients using emergency 
medical services in India: Demographic and 
prehospital clinical predictors of mortality 

Hypoxaemia 
prevalence/denominator 

could not be found 

109 

The impact of pulse oximetry and Integrated 
Management of Childhood Illness (IMCI) training 
on antibiotic prescribing practices in rural Malawi: 
A mixed-methods study 

Hypoxaemia 
prevalence/denominator 

could not be found 

110 
Aerosol inhalation of ambroxol hydrochloride 
combined with terbutaline can promote recovery 
of children with severe pneumonia 

Hypoxaemia 
prevalence/denominator 

could not be found 

111 
Clinico-virological profile, intensive care needs, and 
outcome of infants with acute viral bronchiolitis: A 
prospective observational study 

Hypoxaemia 
prevalence/denominator 

could not be found 

112 
Risk factors for mortality from severe community-
acquired pneumonia in hospitalized children 
transferred to the pediatric intensive care unit 

Hypoxaemia 
prevalence/denominator 

could not be found 

113 
Comparison of 3% saline and 0.9% normal saline 
nebulization as diluent in children with 
bronchiolitis 

Hypoxaemia 
prevalence/denominator 

could not be found 

114 
Morbidity pattern and outcome of children 
admitted to a paediatric  intensive care unit of 
Eastern India 

Hypoxaemia 
prevalence/denominator 

could not be found 

115 

Effect of cefoperazone sulbactam sodium 
combined with meropenem on the immune 
function in the treatment of neonatal pneumonia 
caused by multidrug-resistant bacteria 

Hypoxaemia 
prevalence/denominator 

could not be found 
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116 
A multicenter survey of pediatric flexible 
bronchoscopy in western China 

Hypoxaemia 
prevalence/denominator 

could not be found 

117 

Epidemiology and genetic characterization of 
respiratory syncytial virus in children with acute 
respiratory infections: Findings from the influenza 
sentinel surveillance network in Central African 
Republic, 2015 to 2018 

Hypoxaemia 
prevalence/denominator 

could not be found 

118 

Survival and predictors of mortality among severe 
acute malnourished under-five children admitted 
at Felege-Hiwot comprehensive specialized 
hospital, northwest, Ethiopia: a retrospective 
cohort study 

Hypoxaemia 
prevalence/denominator 

could not be found 

119 
Severe recurrent pneumonia in children: 
Underlying causes and clinical profile in Vietnam 

Hypoxaemia 
prevalence/denominator 

could not be found 

120 
Antibiotic-Resistant Bacteremia in Young Children 
Hospitalized with Pneumonia in Bangladesh Is 
Associated with a High Mortality Rate 

Hypoxaemia 
prevalence/denominator 

could not be found 

121 
Saturation oxygenation pressure index: a non-
invasive bedside measure for severity of 
respiratory disease in neonates on CPAP 

Hypoxaemia 
prevalence/denominator 

could not be found 

122 
Optimal level of positive end-expiratory pressure 
during nasal continuous airway pressure for severe 
bronchiolitis: a prospective study 

Hypoxaemia 
prevalence/denominator 

could not be found 

123 
Complications of pneumonia and its associated 
factors in a pediatric population in Osogbo, Nigeria 

Hypoxaemia 
prevalence/denominator 

could not be found 

124 
A multicentered study on efficiency of noninvasive 
ventilation procedures (SAFE-NIV) 

Hypoxaemia 
prevalence/denominator 

could not be found 

125 

Risk Factors for Pneumonia Mortality in Under-five 
Children in a Tertiary Care Hospital of Darjeeling 
District of West Bengal: A Prospective Case-Control 
Study 

Hypoxaemia 
prevalence/denominator 

could not be found 

126 

Hypoglycaemia in children aged 1 month to 17 
years admitted to the children's emergency room 
of Nnamdi Azikiwe University Teaching Hospital, 
Nnewi, Nigeria 

Hypoxaemia 
prevalence/denominator 

could not be found 

127 
The role of body temperature on respiratory rate in 
children with acute respiratory infections 

Hypoxaemia 
prevalence/denominator 

could not be found 

128 
Venoarterial Extracorporeal Membrane 
Oxygenation for Severe Neonatal Acute Respiratory 
Distress Syndrome in a Developing Country 

Hypoxaemia 
prevalence/denominator 

could not be found 

129 

Community-based amoxicillin treatment for fast 
breathing pneumonia in young infants 7-59 days 
old: a cluster randomised trial in rural Bangladesh, 
Ethiopia, India and Malawi 

Hypoxaemia 
prevalence/denominator 

could not be found 

130 

A Self-criticism of Diagnostic and Therapeutic 
Decision Making in Children Admitted With Acute 
Lower Respiratory Infection at a Single Pediatric 
Emergency Department 

Hypoxaemia 
prevalence/denominator 

could not be found 
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131 
Oxigenoterapia inalatória em pacientes pediátricos 
internados em hospital universitário 

Hypoxaemia 
prevalence/numerator could 

not be found 

132 
[Clinical features and treatment of macrolide-
resistant Mycoplasma pneumoniae pneumonia in 
children] 

Hypoxaemia prevalence/ 
numerator could not be found 

133 
Ventilação não invasiva na insuficiência respiratória 
aguda na bronquiolite por vírus sincicial 
respiratório 

Hypoxaemia prevalence/ 
numerator could not be found 

134 

Methods of a double-blind randomized controlled 
clinical trial of three versus five days amoxicillin 
dispersible tablets for chest-indrawing pneumonia 
among children 2-59 months of age presenting to 
kamuzu central hospital in Lilongwe, Malawi 

Protocol paper 

135 

Performance, Acceptability, and Usability of 
Respiratory Rate Timers and Pulse Oximeters When 
Used by Frontline Health Workers to Detect 
Symptoms of Pneumonia in Sub-Saharan Africa and 
Southeast Asia: Protocol for a Two-Phase, 
Multisite, Mixed-Methods Trial 

Protocol paper 

136 

Improving oxygen therapy for children and 
neonates in secondary hospitals in Nigeria: study 
protocol for a stepped-wedge cluster randomised 
trial 

Protocol paper 

137 

Children's Oxygen Administration Strategies Trial 
(COAST): A randomised controlled trial of high flow 
versus oxygen versus control in African children 
with severe pneumonia 

Protocol paper 

138 
CPAP Improving Mortality for Pneumonia in African 
Children Trial 

Protocol paper 

139 
Effectiveness Trial of Day-care vs. Usual Care of 
Severe Pneumonia & Malnutrition in Children 

Protocol paper 

140 
RCT of Efficacy of Amoxicillin Over Ampicillin on 
Severe Pneumonia 

Protocol paper 

141 
Impact of Pulse Oximetry on Hospital Referral 
Acceptance in Children Under 5 With Severe 
Pneumonia 

Protocol paper 

142 
Immunomodulation by Zinc Supplementation in 
Children With Pneumonia 

Protocol paper 

143 
Solar-powered oxygen delivery: study protocol for 
a randomized controlled trial 

Protocol paper 

144 

CPAP IMPACT: a protocol for a randomised trial of 
bubble continuous positive airway pressure versus 
standard care for high-risk children with severe 
pneumonia using adaptive design methods 

Protocol paper 

145 

Automated Respiratory Rate Counter to Assess 
Children for Symptoms of Pneumonia: Protocol for 
Cross-Sectional Usability and Acceptability Studies 
in Ethiopia and Nepal 

Protocol paper 

146 

Solar-powered oxygen delivery for the treatment 
of children with hypoxemia: protocol for a cluster-
randomized stepped-wedge controlled trial in 
Uganda 

Protocol paper 
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147 
Smart triage: Triage and management of sepsis in 
children using the point-of-care Pediatric Rapid 
Sepsis Trigger (PRST) tool 

Protocol paper 

148 
Design and conduct of facility-based surveillance 
for severe childhood pneumonia in the Household 
Air Pollution Intervention Network (HAPIN) trial 

Protocol paper 

149 
Development of a Robust and Reliable Pulse 
Oximeter for Children With Pneumonia in Low-
income Countries 

Published before 2008 

150 

Use of Bubble Continuous Positive Airway Pressure 
Compared to Nasal Prong Oxygen or Humidified 
High Flow in Children Under Five With Severe 
Pneumonia and Hypoxaemia 

Published before 2008 

151 
Assessing the Feasibility and Effectiveness of 
Introducing Pulse Oximetry in IMCI Services 

Published before 2008 

152 
CPAP Improving Mortality for Pneumonia in African 
Children Trial 

Published before 2008 

153 Infant Pulse Oximetry in Pakistan Study Published before 2008 

154 
Vitamin-D Supplementation: Impact on Severe 
Pneumonia Among Under-five Children 

Published before 2008 

155 
Electronic Algorithms Based on Host Biomarkers to 
Manage Febrile Children 

Published before 2008 

156 
Impact of Pulse Oximetry on Hospital Referral 
Acceptance in Children Under 5 With Severe 
Pneumonia 

Published before 2008 

157 
Multimometer - Vital Signs Device for Diagnosis of 
Pneumonia 

Published before 2008 

158 
Randomized Controlled Trial (RCT) in Children With 
Severe Pneumonia 

Published before 2008 

159 Innovative Treatments in Pneumonia (ITIP) 3 Published before 2008 

160 
Immunomodulation by Zinc Supplementation in 
Children With Pneumonia 

Published before 2008 

161 
RCT of Efficacy of Amoxicillin Over Ampicillin on 
Severe Pneumonia 

Published before 2008 

162 
The Efficacy of Zinc as Adjunct Therapy in the 
Treatment of Severe Pneumonia in Children 

Published before 2008 

163 
High Flow Oxygen Therapy vs Standard Care in 
Infants With Viral Bronchiolitis 

Published before 2008 

164 
Vitamin D Supplementation and Respiratory Index 
of Severity in Children (RISC) in Pneumonia 

Published before 2008 

165 
Nebulized Hypertonic Saline (3%) Versus Nebulized 
Adrenaline for Treatment of Bronchiolitis 

Published before 2008 

166 Solar Powered Oxygen Delivery Published before 2008 

167 Advancement of Modified Bubble CPAP Published before 2008 

168 
Montelukast for Acute Bronchiolitis and 
Postbronchiolitis Viral Induced Wheezing 

Published before 2008 

169 
Ceftriaxone Versus Chloramphenicol for Treatment 
of Severe Pneumonia in Children 

Published before 2008 

170 
A Study to Evaluate a Single IM Dose of 
Motavizumab Treatment of Children With RSV 
(Respiratory Syncytial Virus) Illness 

Published before 2008 

171 
Salbutamol versus epinephrine in the treatment of 
acute bronchiolitis 

Published before 2008 
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172 
Oral amoxicillin versus injectable penicillin for 
severe pneumonia in children aged 3 to 59 months: 
a randomised multicentre equivalency study 

Published before 2008 

173 
Three day versus five day treatment with 
amoxicillin for non-severe pneumonia in young 
children: a multicentre randomised controlled trial 

Published before 2008 

174 
Respiratory syncytial virus and human 
metapneumovirus in children with acute 
respiratory infections in Yemen 

Published before 2008 

175 
Epidemiology and clinical characteristics of 
respiratory syncytial virus infections in Jordan 

Published before 2008 

176 
Oral amoxicillin is as effective as injected penicillin 
for severe pneumonia in young children 

Published before 2008 

177 
Hypoxemia in children with pneumonia and its 
clinical predictors 

Published before 2008 

178 
Efficacy of zinc in the treatment of severe 
pneumonia in hospitalized children <2 y old 

Published before 2008 

179 
Zinc for severe pneumonia in very young children: 
double-blind placebo-controlled trial 

Published before 2008 

180 
Pneumonia case-finding in the RESPIRE Guatemala 
indoor air pollution trial: standardizing methods for 
resource-poor settings 

Published before 2008 

181 
Acquired pneumonia's behavior in a community in 
the pediatrics service at the Fundacion Cardio 
Infantil, Bogota, Colombia. [Spanish] 

Published before 2008 

182 
Risk factors for hypoxemia and respiratory failure 
in respiratory syncytial virus bronchiolitis 

Published before 2008 

183 
Case fatality proportions and predictive factors for 
mortality among children hospitalized with severe 
pneumonia in a rural developing country setting 

Published before 2008 

184 
Treatment of respiratory syncytial virus infection 
with vitamin A: A randomized, placebo-controlled 
trial in Santiago, Chile 

Published before 2008 

185 
Hypoxaemia in acute respiratory and non-
respiratory illnesses in neonates and children in a 
developing country 

Published before 2008 

186 
Hypoxaemia in children with severe pneumonia in 
Papua New Guinea 

Published before 2008 

187 

Chloramphenicol versus benzylpenicillin and 
gentamicin for the treatment of severe pneumonia 
in children in Papua New Guinea: A randomised 
trial 

Published before 2008 

188 
Predicting hypoxia in children with acute lower 
respiratory infection: A study in the highlands of 
Papua New Guinea 

Published before 2008 

189 
PREDICTING HYPOXIA IN CHILDREN WITH ACUTE 
LOWER RESPIRATORY-INFECTION - A STUDY IN THE 
HIGHLANDS OF PAPUA-NEW-GUINEA 

Published before 2008 

190 

Hypothetical performance of syndrome-based 
management of acute paediatric admissions of 
children aged more than 60 days in a Kenyan 
district hospital 

Published before 2008 
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191 
Causes and outcome of young infant admissions to 
a Kenyan district hospital 

Published before 2008 

192 
Clinical overlap between malaria and severe 
pneumonia in African children in hospital 

Published before 2008 

193 
Clinical indicators of Pneumocystis jiroveci 
pneumonia (PCP) in South African children infected 
with the human immunodeficiency virus 

Published before 2008 

194 
Vitamin A supplementation and severity of 
pneumonia in children admitted to the hospital in 
Dar es Salaam, Tanzania 

Published before 2008 

195 
Brief hospitalization and pulse oximetry for 
predicting amoxicillin treatment failure in children 
with severe pneumonia 

Published before 2008 

196 
ORAL VERSUS NEBULIZED ALBUTEROL IN THE 
MANAGEMENT OF BRONCHIOLITIS IN EGYPT 

Published before 2008 

197 
Caretaker recognition of respiratory signs in 
children: Correlation with physical examination 
findings, X-ray diagnosis and pulse oximetry 

Published before 2008 

198 
Clinical presentation and outcome of Pneumocystis 
carinii pneumonia in Malawian children 

Published before 2008 

199 
Relación entre signos clínicos e hipoxemia en niños 
menores de 5 años con enfermedad respiratoria 
aguda baja 

Published before 2008 

200 
A study of some viral pathogens in infants and 
children with lowe respiratory tract infection and 
attending the intensive care unit 

Published before 2008 

201 
MATERNAL REPORTING OF ACUTE RESPIRATORY-
INFECTION IN EGYPT 

Published before 2008 

202 
The spectrum of hypoxaemia in children admitted 
to hospital in The Gambia, West Africa 

Published before 2008 

203 
Evaluation of clinical and radiological signs in 
diagnosis of pneumonia in the first five years of life 

Published before 2008 

204 

Remark on the changes of blood gas in newborn 
babies with respiratory impairment due to 
pneumonia in the Department of Neonate at the 
National Institute of Pediatry -2001 - 2002 period 

Published before 2008 

205 
High rates of Chlamydia trachomatis infections in 
young Papua New Guinean infants 

Published before 2008 

206 
Can Clinical Symptoms or Signs Accurately Predict 
Hypoxemia in Children with Acute Lower 
Respiratory Tract Infections? 

Published before 2008 

207 
Clinical predictors of acute radiological pneumonia 
and hypoxaemia at high altitude 

Published before 2008 

208 

Central nervous system infection is an important 
cause of death in underfives hospitalised with 
World Health Organization (WHO) defined severe 
and very severe pneumonia 

Published before 2008 

209 
The role of pulse oximetry: Its use as an indicator of 
severe respiratory disease in Peruvian children 
living at sea level 

Published before 2008 

210 
Equivalency Of Oral Amoxicillin Vs Injectable 
Penicillin In Children With Severe Pneumonia 

Published before 2008 
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211 
Hypoxaemia in young Kenyan children with acute 
lower respiratory infection 

Published before 2008 

212 
Analysis of Acid-Base Disturbance Caused by 
Severe Pneumonia in Newbern Infants 

Published before 2008 

213 
Prevalence and prediction of hypoxemia in children 
with respiratory infections in the Peruvian Andes 

Published before 2008 

214 
Respiratory Syncytial Virus (RSV) in infants 
hospitalized for acute lower respiratory tract 
disease: Incidence and associated risks 

Published before 2008 

215 
Características clínicas e da saturaçäo transcutânea 
de oxigênio em lactentes hospitalizados com 
bronquiolite viral aguda 

Published before 2008 

216 
Clinical predictors of hypoxaemia in children with 
pneumonia 

Published before 2008 

217 
Efficacy of dexamethasone injection for acute 
bronchiolitis in hospitalized children: A 
randomized, double-blind, placebo-controlled trial 

Published before 2008 

218 
Effectiveness of intramuscular penicillin versus oral 
amoxicillin in the early treatment of outpatient 
pediatric pneumonia 

Published before 2008 

219 
Clinical predictors of hypoxaemia in Gambian 
children with acute lower respiratory tract 
infection: Prospective cohort study 

Published before 2008 

220 

Hypoxaemia among children in rural hospitals in 
Papua New Guinea: Epidemiology and resource 
availability - A study to support a national oxygen 
programme 

Published before 2008 

221 
Clinical Analysis of Complications of 115 Children 
with Serious Pneumonia with Ventilatory Support 

Published before 2008 

222 
The clinical spectrum of respiratory syncytial virus 
disease in The Gambia 

Published before 2008 

223 
An epidemiological study of RSV infection in the 
Gambia 

Published before 2008 

224 
Long-term morbidity and mortality following 
hypoxaemic lower respiratory tract infection in 
Gambian children 

Published before 2008 

225 

Observational follow-up study following two 
cohorts of children with severe pneumonia after 
discharge from day care clinic/hospital in Dhaka, 
Bangladesh 

Same study reported 
prevalence  

226 
Co-morbidity: Exploring the clinical overlap 
between pneumonia and diarrhoea in a hospital in 
Dhaka, Bangladesh 

Same study reported 
prevalence  

227 
Risk factors for mortality in childhood pneumonia 
in a rural West African region 

Same study reported 
prevalence  

228 
Predictors of prolonged hospitalisation in 
childhood pneumonia in a rural health centre 

Same study reported 
prevalence  

229 

Safety, Effectiveness and Feasibility of Outpatient 
Management of Children with Pneumonia with 
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Same study reported 
prevalence  
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Impaired Gas Exchange: Prognostic Clinical 
Indicators of Short-Term Survival in Children with 
Acute Respiratory Infection 

Same study reported 
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Annex 13.3:  DATA COLLECTION TOOL FOR CHAPTER 8: MINIMALLY 

TRAINED HEALTH PERSONNEL PERFORMING PULSE OXIMETRY IN HOSPITAL 

SETTINGS 
International Centre for Diarrhoeal Disease Research, Bangladesh 

Assessing the feasibility and effectiveness of introducing pulse oximetry in IMCI services to manage 

acute respiratory infection at first level health facilities of Bangladesh 

Validation tools for pulse oxymeter 

Child name: ________________________________ Hospital ID no- 
_________ 

Age: ________________ Study ID no- 
_____________ 

Sex: ________________  
Weight: _________________kg  
Height (≥2 years of age)/Length (<2yrs years of age): _________________ (cm) 
Name of the Control Pulse oxymeter: 
 
_______________________________________________________ 

 

General Symptoms   

 QUESTIONS 10:00 14:00 

G01 Body temperature (in C/ F)   
G02 Pulse rate (per minute)   
G03 Respiratory rate (per minute)   
G04 RBS (mmol/L)   
G05 Blood Pressure (mm of Hg)   

10:00 

 Question 
CODING 
CATEGORIES 

CODING 
CATEGORIES 

SKIP 

  Life box Control  

P01 

Placement of 
pulse oxymeter 
in first attempt? 

On toe ......................... 0 
On index finger… ......... 1 
Other place -------------------- 

(Specify) 

On toe ......................... 0 
On index finger… ........ 1 
Other place -------------------- 

(Specify) 

 

P02 

Was the 
first 
attempt 
successful? 

Yes .................................. 1 
No................................... 0 

Yes ................................. 1 
No ................................... 0 

 
 

→P06 

P03 

How long did it 
take to get the 
reading in the first 
attempt? 

 
 
------------ (completed) seconds 

 
 
------------ (completed) seconds 

 

P04 

SpO2 
reading in 
first 
successful 
placement 

 
…………………………% 

 
…………………………% 

 

P05 
Pulse rate 
in first 
successful 

 
……………… / minute 

 
……………… / minute 
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placement 

P06 

Placement 
of pulse 
oxymeter 
in second 
attempt? 

On toe ......................... 0 
On index finger… ......... 1 
 
Other place -------------------- 

(Specify) 

On toe ......................... 0 
On index finger… ........ 1 
 
Other place -------------------- 

(Specify) 

 

P07 
Was the second 
attempt 
successful? 

Yes .................................. 1 
 
No................................... 0 

Yes ................................. 1 
 
No ................................... 0 

 
 
→P12 

P08 

How long did it 
take to get the 
reading in the 
second 
attempt? 

 
 

------------- (completed) 
seconds 

 
 

------------- (completed) 
seconds 

 

P09 

SpO2 reading 

in second 
successful 
placement 

 
…………………………% 

 
……………………% 

 

P10 

Pulse rate 
in second 
successful 
placement 

 
……………… / minute 

 
…………… / minute 

 

P11 

If SpO2 <90% in 

first attempt, 
was second 
reading 
attempted? 

Yes .................................. 1 
No ................................... 0 

Yes .................................. 1 
No ................................... 0 

 

P12 
Was the baby 
diagnosed as 
hypoxemic? 

Yes .................................. 1 
No ................................... 0 

Yes .................................. 1 
No ................................... 0 

 

14:00 

Comments (if any): 
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Annex 13.4: DATA COLLECTION FOR CHAPTER 9: IMCI SERVICE 

PROVIDERS PERFORMING PULSE OXIMETRY IN ROUTINE OUTPATIENT 

SETTINGS IN RURAL BANGLADESH 

13.4.1 Observation tool 

Registration 

NO. QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

1 Registration Date 
 

|___||___||___||___| / |___||___| / |___||___| 
YYYY/MM/DD 

 

2 Observation ID 
 

 

 

3 Name of patient  
 

 

 

4 
Age of patient 
 

|____|____| days 
 

|____|____| months 
 

 

5 Sex  
Male ..................................................................................... 1 
Female  ................................................................................. 2 
Others  .................................................................................. 7 

 

6 Hospital ID 
 

 

 

8 
Name of the 
facility 

 
 

 

7 
Name of service 
provider 

  

9 
Informed written 
consent taken? 
 

Yes  ....................................................................................... 1 
No  ........................................................................................ 2 

 
→End 

 

Pulse oximeter use timing 

NO. QUESTIONS AND FILTERS CODING CATEGORIES SKIP 

 Pulse oximeter turned on  

 

 

 Prob placed   

 Stable SpO2 reading obtained   

 

Pulse oximeter use outcome 

NO. QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

 Observation ID 
 

 

 

1 

What is the 
outcome of 
measuring SpO2 
using pulse 
oximeter? 

Successful  ........................................................................... 1 
Unsuccessful  ....................................................................... 2 

 
 
→8 
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2 

How many 
attemtps needed 
to obtain 
successful SpO2 
reading? 

One  ..................................................................................... 1 
Two  ..................................................................................... 2 
Three  .................................................................................. 3 
Four  .................................................................................... 4 
Five  ..................................................................................... 5 
More than five  .................................................................... 6 

 

3 
Placement of pulse 
oximeter 

On toe ................................................................................. 1 
On index finger  ................................................................... 2 
On ear lobule  ...................................................................... 3 
Others  ................................................................................. 7 

(Please Specify) 
 

 

4 SpO2 status? 
 

|____|____|____| % 
 

 

5 
Steps of using 
pulse oximeter 

Service provider ensured the baby was calm ..................... 1 
Service provider ensured that the area of attachment 
(finger/toe) is clean before using pulse oximeter  .............. 2 
Service provider placed the probe properly (not too loose or 
too tight .............................................................................. 3 
Service provider cleaned the probe after using it  .............. 4 
 

 

6 
Type of pulse 
oximeter used? 

Masimo ............................................................................... 1 
Lifebox  ................................................................................ 2 
Others  ................................................................................. 7 

(Please Specify) 
 

 

7 
Check whether 
baby was calm 

Calm  ................................................................................... 1 
Not Calm  ............................................................................. 2 

→End 
→End 

8 

Reason for 
unsuccessful 
attempt for using 
pulse oximeter 
according to 
service provider? 

Provider related .................................................................. 1 
Patient related  ................................................................... 2 
Device related  .................................................................... 3 
Environment related  .......................................................... 4 
 

 

9 
Please mention the 
specific reason 

 

 

 

10 

Reason for 
unsuccessful 
attempt for using 
pulse oximeter 
according to 
observer’s 
judgement? 

Provider related .................................................................. 1 
Patient related  ................................................................... 2 
Device related  .................................................................... 3 
Environment related  .......................................................... 4 
 

 

11 
Please mention the 
specific reason 
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13.4.2 Reassessment tool 

 

Registration 

NO. QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

1 Registration Date 
 

|___||___||___||___| / |___||___| / |___||___| 
YYYY/MM/DD 

 

2 Re-assessment ID 

 
 

 

 

3 Name of patient  

 
 

 

 

4 
Age of patient 
 

 
|____|____| days 

 
|____|____| months 

 

 

5 Sex  
Male ..................................................................................... 1 
Female  ................................................................................. 2 
Others  .................................................................................. 7 

 

6 Hospital ID 

 
 

 

 

12 
Name of the 
facility 

 
 

 

14 
Informed written 
consent taken? 
 

Yes  ....................................................................................... 1 
No  ........................................................................................ 2 

 
→End 

15 Observation ID 

 
 

 

 

 

Pulse oximeter use timing 

NO. QUESTIONS AND FILTERS CODING CATEGORIES SKIP 

1 Pulse oximeter turned on 

 
 

 

 

2 Prob placed   

3 Stable SpO2 reading obtained   

 

Pulse oximeter use outcome 

NO. QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

 

Re-assessment ID 
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1 

What is the 
outcome of 
measuring SpO2 
using pulse 
oximeter? 

Successful  ........................................................................... 1 
Unsuccessful  ....................................................................... 2 

 
→12 

2 

How many 
attemtps needed 
to obtain 
successful SpO2 
reading? 

One  ..................................................................................... 1 
Two  ..................................................................................... 2 
Three  .................................................................................. 3 
Four  .................................................................................... 4 
Five  ..................................................................................... 5 
More than five  .................................................................... 6 

 

3 
Placement of pulse 
oximeter 

On toe ................................................................................. 1 
On index finger  ................................................................... 2 
On ear lobule  ...................................................................... 3 
Others  ................................................................................. 7 
(Please Specify) 
 

 

4 SpO2 status? 
 

|____|____|____| % 
 

 

6 
Type of pulse 
oximeter used? 

Masimo ............................................................................... 1 
Lifebox  ................................................................................ 2 
Others  ................................................................................. 7 

(Please Specify) 
 

 

7 
Check whether 
baby was calm 

Calm  ................................................................................... 1 
Not Calm  ............................................................................. 2 

→End 
→End 

12 

Reason for 
unsuccessful 
attempt for using 
pulse oximeter 
according to 
assessor? 

Provider related .................................................................. 1 
Patient related  ................................................................... 2 
Device related  .................................................................... 3 
Environment related  .......................................................... 4 
 

 

13 
Please mention the 
specific reason 

 
 

 

 

 

Other assessments 

NO. QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

 Re-assessment ID 

 
 

 

 

1 Age 
0 to 59 days  ....................................................................... 1 
2 to 59 months  .................................................................. 2 

→2→4 
→3 
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2 
Assessment for 
children 0-59 days 

Unconscious/drowsy ........................................................ 01 
Convulsion/history of convulsion ..................................... 02 
Unable to feed .................................................................. 03 
Persistent vomiting  ......................................................... 04 
Bulging fontanels .............................................................. 05 
Apnoea  ............................................................................ 06 
Central cyanosis ............................................................... 07 
Major bleeding ................................................................. 08 
Major congenital malformation ....................................... 09 
Surgical condition required hospitalization...................... 10 
Severe chest indrawing .................................................... 11 
Move only when stimulated or no movement at all  ....... 12 
Difficulty in feeding .......................................................... 13 
Umbilicus is red or draining pus ....................................... 14 
Skin pustules .................................................................... 15 
Restless, irritable .............................................................. 16 
Sunken eyes...................................................................... 17 
Skin pinch goes back slowly or very slowly  ..................... 18 

 

3 
Assessment for 
children 2-59 
months 

Not able to drink or breast feed ....................................... 01 
Vomits everything ............................................................ 02 
Had convulsion or convulsing now ................................... 03 
Lethargic or unconscious .................................................. 04 
Stridor in calm child.......................................................... 05 
Chest in-drawing .............................................................. 06 
No signs of pneumonia or very severe disease ................ 07 
Diarrhoea for 14 days or more with dehydration present
 .......................................................................................... 08 
Diarrhoea for 14 days or more with no dehydration ....... 09 
Blood in the stool ............................................................. 10 
Stiff neck ........................................................................... 11 
RDT POSITIVE/ Other Malaria Test POSITIVE  .................. 12 
RDT NEGATIVE/ Other Malaria Test NEGATIVE ................ 13 
Other cause of fever present ........................................... 14 

 

4 Weight (Kg) 

 
 

 

 

5 
Height/Length 
(inch) 

 
 

 

 

6 Temperature (F) 

 
 

 

 

7 MUAC? (CM) 

 
 

 

 

8 
Respiratory rate? 
(Breaths per 
minute) 

 
 

 

 

8a 
Heart rate (Beats 
per minute) 
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9 
IMCI classification 
for 0-59 days? 

Possible Serious Bacterial Infection or Very Severe Disease 
- Critical Illness (VSD-CI) ................................................... 11 
Possible Serious Bacterial Infection or Very Severe Disease 
- Clinical Severe Infection (VSD-CSI) ................................. 12 
Possible Serious Bacterial Infection or Very Severe Disease 
- Fast Breathing Pneumonia (0-6 days) ............................ 13 
Fast Breathing Pneumonia (7-59 days) ............................ 14 
Local Bacterial Infection ................................................... 15 
Severe Dehydration .......................................................... 16 
Some Dehydration............................................................ 17 
No Dehydration ................................................................ 18 
Others  .............................................................................. 97 
(Please Specify) 
 

 

10 
IMCI classification 
for 2-59 months? 

Severe pneumonia or very severe disease ....................... 11 
Pneumonia ....................................................................... 12 
Cough or cold ................................................................... 13 
Severe Dehydration .......................................................... 16 
Some Dehydration............................................................ 17 
No Dehydration ................................................................ 18 
Severe persistent diarhhoea ............................................ 19 
Persistent diarhhoea ........................................................ 20 
Dysentery ......................................................................... 21 
Very severe febrile disease .............................................. 22 
Malaria ............................................................................. 23 
Fever ................................................................................. 24 
Others  .............................................................................. 97 
(Please Specify) 
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13.4.3 Exit interview tool 

Section A: Facility & exit interviewer information 

NO. 
QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

A01 Date of exit interview 
 

| || || || | / | || | / | || | 
YYYY/MM/DD 

 

A02 
Name of exit 
interviewer 

 
 
 

 

A03 
Code of exit 
interviewer 

 
| | | 

 

A04 Name of facility 
 
 
 

 

A05 Type of facility 

Medical College Hospital ........................................................... 1 
District Hospital ......................................................................... 2 
MCWC ....................................................................................... 3 
Upazila Health Complex ............................................................ 4 
Union Health and Family Welfare Centre .................................. 5 
Community Clinic ...................................................................... 6 
Others ....................................................................................... 7 
(Please Specify) 

 

A06 Code of the facility 
 

| | | 
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Section B: Patient information 

NO. 
QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

B01 Name of the child 
 
 
 

 

B02 Observation ID 
 
 
 

 

B03 
Hospital Registration 
Number 

 
 
 

 

B04 Age of the child 

 
| | | days 
 
| | | months 

 

B05 Sex of the child 
Male .......................................................................................... 1 
Female ....................................................................................... 2 
Others ....................................................................................... 7 

 

B06 
Informed written 
consent taken? 

Yes ............................................................................................. 1 
No .............................................................................................. 2 

 
Sec 
E 
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Section C: Information of mother 

NO. 
QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

C01 What is your age? 
 
| | | completed years  
Don’t know.............................................................................. 9 

 

C02 
How many years of 
formal education have 
you had? 

 
| | | years  
Don’t know.............................................................................. 9 

 

C03 
How many living 
children do you 
have? 

 
| | | children  
Don’t know .............................................................................. 9 

 

C04 
Do you have a mobile 
number? 

Yes ......................................................................................... 1 
No  ......................................................................................... 2 
Don’t know  ........................................................................... 9 

 

C05 
May I have your 
mobile number?  

Yes ( ).................... 1 
No ......................................................................................... 2 
Don’t know  ........................................................................... 9 

 

C06 
Does your husband or 
family member have a 
mobile number? 

Yes  ........................................................................................ 1 
No  ......................................................................................... 2 
Don’t know  ........................................................................... 9 

 

C07 
Can I record that 
number? 

Yes ( ).................... 1 
No  ......................................................................................... 2 
Don’t know  ........................................................................... 9 
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Section D: Assessment of the child 

NO. 
QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

D01 

Do you have any 
concern regarding 
the oxygen test? 
 

Yes  ....................................................................................... 1 
No  ....................................................................................... 2 
Don’t know .......................................................................... 9 

 
→D03 
→D03 

D02 

What are the 
concerns? 

Unprompted Prompted 
Not 
mentioned 

 

Pain/discomfort 1 2 3  

Heat/burning 1 2 3  

Sensor was 
wrapped too 
tightly 

 
1 

 
2 

 
3 

 

Test was taking too long 
 

1 
 

2 
 

3 
 

Others 1 (Please 
mention) 

 
1 

 
2 

 
3 

 

Others 2 (Please 
mention) 

 
1 

 
2 

 
3 

 

Others 3 (Please 
mention) 

 
1 

 
2 

 
3 

 

D03 
Were you satisfied 
with the oxygen 
test? 

Yes ..................................................................................... 1 
No  ..................................................................................... 2 
Don’t know ........................................................................ 9 

 

D04 

Would you permit 
the oxygen test to 
be performed on 
your baby again in 
the future? 

Yes  ..................................................................................... 1 
No  ..................................................................................... 2 
Don’t know ........................................................................ 9 

 

D05 

Do you believe the 
oxygen test was useful 
for the nurses/doctors 
to check your baby? 

Yes  ..................................................................................... 1 
No ...................................................................................... 2 
Don’t know ........................................................................ 9 
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Section E: Final status 

NO. 
QUESTIONS AND 
FILTERS 

CODING CATEGORIES SKIP 

E01 
What is the status 
of exit interview for 
this patient? 

Complete ................................................................................... 1 
Incomplete ................................................................................. 2 

 
→D03 

E02 
Reason for 
incomplete exit 
interview 

 
 
 

 

E03 
Exit interview tool 
reviewed by 
supervisor? 

Yes .............................................................................................. 1 
No .............................................................................................. 2 

 

E04 
Name and 
Signature of 
supervisor 

 
 
 

 

E05 
Date of review by 
supervisor 

 
| || || || | / | || | / | || | 
YYYY/MM/DD 

 

E06 
Data entry 
completed 

Yes .............................................................................................. 1 
No .............................................................................................. 2 

 

E07 

Name and 
Signature of 
data entry 
person 

 
 
 

 

E08 Date of data entry 
 

| || || || | / | || | / | || | 
YYYY/MM/DD 
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