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Background Continuous positive airway pressure (CPAP) may have a role in re-

ducing the high mortality in children less than 5 years with World Health Organi-
zation (WHO) severe pneumonia. More evidence is needed to understand import-
ant contextual factors that impact on implementation, effectiveness, and safety in
low resource settings.

Methods We conducted a systematic review of Medline, Embase and Pubmed
(January 2000 to August 2020) with terms of “pneumonia”, “CPAP” and “child”.
We included studies that provided original clinical or non-clinical data on the use
of CPAP in children (28 days-4 years) with pneumonia in low- or middle-income
countries. We used standardised tools to assess study quality, and grade levels of
evidence for clinical conclusions. Results are presented as a narrative synthesis de-
scribing context, intervention, and population alongside outcome data.

Results Of 902 identified unique references, 23 articles met inclusion criteria, in-
cluding 6 randomised controlled trials, one cluster cross over trial, 12 observational
studies, 3 case reports and 1 cost-effectiveness analysis. There was significant het-
erogeneity in patient population, with wide range in mortality among participants
in different studies (0%-55%). Reporting of contextual factors, including staffing,
costs, and details of supportive care was patchy and non-standardised. Current evi-
dence suggests that CPAP has a role in the management of infants with bronchiolitis
and as escalation therapy for children with pneumonia failing standard-flow oxygen
therapy. However, CPAP must be implemented with appropriate staffing (includ-
ing doctor oversight), intensive monitoring and supportive care, and technician
and infrastructure capacity. We provide practical guidance and recommendations
based on available evidence and published expert opinion, for the adoption of CPAP
into routine care in low resource settings and for reporting of future CPAP studies.

Conclusions CPAP is a safe intervention in settings that can provide intensive
monitoring and supportive care, and the strongest evidence for a benefit of CPAP
is in infants (aged less than 1 year) with bronchiolitis. The available published ev-
idence and clinical experience can be used to help facilities assess appropriateness
of implementing CPAP, guide health workers in refining selection of patients most
likely to benefit from it, and provide a framework for components of safe and ef-
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Every year 900000 children under the age of 5 die of pneumonia [1]. Preventative and curative measures in
the community and within health facilities are effective in reducing the burden of pneumonia, and their cover-
age needs to be increased [2]. However, mortality for children with respiratory failure, not responding to stan-
dard treatment, continues to be high, and there may be a role of continuous positive airway pressure (CPAP)
as an additional therapy.

CPAP has an established role for the management of respiratory distress syndrome in preterm babies [3], and
is commonly used in the treatment of bronchiolitis in older infants [4]. Multiple studies of bubble CPAP in
low resource settings have documented mortality reductions in special care baby units [5,6], but highlighted
the resource implications, and importance of broader contextual factors in implementation [7].

Conversely, the literature has been less clear on the role of CPAP for pneumonia, particularly in district and
secondary hospitals in low- and middle-income countries (LMICs), where collectively, the greatest number of
cases are managed. Two systematic reviews and meta-analyses have reported on the effectiveness of CPAP for
children with severe pneumonia in LMICs [8,9] finding mixed results on mortality and trend towards higher
adverse events rates in CPAP compared to standard low-flow oxygen. Both reviews noted the heterogeneity
in populations and context and the likely implications these factors have on safety and efficacy. And both re-
views recommended further randomised controlled trials, with Sessions suggesting that CPAP implementa-
tion in resource-limited settings be restricted to well-staffed intensive care or high dependency settings until
further data are available [8].
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This review aimed to increase understanding of the patient selection and contextual factors that influence ef-
fectiveness and safety of CPAP for children with severe pneumonia. We also aimed to review other factors
around implementation including feasibility, sustainability, and acceptability in resource-limited settings, in or-
der to inform global recommendations and highlight gaps in the literature for future implementation research.

METHODS

We conducted a systematic search of medical databases Medline, Embase, and PubMed for all relevant articles
between January 1, 2000 to August 19, 2020. We mapped search terms to medical subject headings where
possible, using Boolean operators to combine searches into our final systematic search query. We used syn-
onyms of “pneumonia”, “CPAP”, and “child” to target our search strategy, with oversight from an experienced
Health Service Librarian to ensure all relevant papers were identified. We also searched reference lists of all
included references for eligible studies. The specific search terms used for our Medline search and further de-
tails of the search strategy, information sources and data collection processes are included in Appendix S1-S2
in the Online Supplementary Document.

Assessment of study eligibility

Two reviewers (CW and RS) independently screened the titles and abstracts of all returned studies. We ob-
tained full text for studies that were screened in by either reviewer, and the same two reviewers independent-
ly assessed them for inclusion. We included studies involving CPAP for children (aged 28 days to 4 years)
with World Health Organization (WHO) pneumonia/severe pneumonia conducted in a LMIC. We focussed
on more recent studies (published after the year 2000) to maximise contextual relevance and excluded stud-
ies that focussed on a neonatal population (Table S1 in the Online Supplementary Document). We did not
exclude studies of CPAP in known viral aetiology of lower respiratory infection if these children fulfilled the
WHO definition of pneumonia (cough or difficulty breathing with tachypnoea or chest wall indrawing). We
resolved disagreements by discussion and, where appropriate, review by a third reviewer (HG).

Data management, extraction, and synthesis

We used a standardised data extraction form to extract data relevant to our review. Two reviewers (CW and RS)
independently extracted data from each eligible study and entered data into an Excel spreadsheet (Microsoft,
Redmond, US). We resolved disagreements by discussion and contacted study authors where appropriate to
resolve any uncertainties. We extracted data on the study population (age, sex, comorbidities), CPAP details
(type, humidification, oxygen source, air/oxygen mix, etc.), clinical guidelines, monitoring and supportive care
(starting pressure and FiO,, decision-making algorithm, fluids/feeding, etc.), health service characteristics (lev-
el of care, staffing, etc.), and outcomes (mortality, adverse events, treatment failure, etc.) (detail in Appendix
S1 in the Online Supplementary Document).

2022 ¢ VoL. 12 « 10012 2 www.jogh.org ¢ doi: 10.7189/jogh.12.10012



CPAP for paediatric pneumonia in LMICs

We used tables and narrative synthesis to describe context, intervention, and population and triangulate
this with the reported outcome and safety data (using the effect measures reported in each original study)
We did not conduct a meta-analysis of CPAP outcomes, as this has been reported previously [8] and the
focus of this study was to understand contextual and population factors. Heterogeneity in study outcomes,
populations and contextual factors reported in included studies prevented quantitative synthesis of poten-
tial associations. Rather, we triangulated context, intervention, and population data with outcome data
to enable qualitative synthesis. We graded levels of evidence for key findings using Oxford Levels of Ev-
idence framework, where 1 is the highest level of evidence (typically systematic review of trials) and 5 is
the lowest level of evidence (typically mechanism-based reasoning) [10].

Assessment of study quality and risk of bias
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We assessed the quality and risk of bias of all included studies by using the Effective Public Health Practice
Project (EPHPP) Quality Assessment Tool [11]. Using this tool, two reviewers (CW and RS) independently
rated study quality as strong, moderate or weak with respect to selection bias, study design, confounders,
blinding, data collection method, withdrawals and dropouts, and a global rating. Where disagreements
occurred, a third reviewer (HG) carried out a final assessment. Evidence for recommendations and con-
clusions was graded using the Oxford Centre for Evidence Based Medicine levels of evidence [10].

RESULTS

Our search identified 1105 articles, with 2 additional articles identified on review of references. After du-
plicates were removed 902 references were screened, including full text review of 41 publications, of which
18 were excluded (Figure 1): 9 because it was not possible to extract data specific to patients who received
CPAP [12-24], 4 because it was not possible to extract data specific to post-neonatal patients [25-28], 3 be-
cause it was not possible to extract data specific to low and middle income countries [4,29,30], 1 because
it was a pooled analysis which included studies in which most patients did not have pneumonia [31], and
1 because it was published prior to the year 2000 [32].

We included 23 studies in qualitative synthesis, including six individually randomised controlled tri-
als (RCTs) [33-38], one cluster open-label crossover trial [39], twelve observational studies [40-51], one
cost-effectiveness analysis [52], and three case reports (Table 1) [53-55]. Four studies reported on CPAP
sustainability [51], health workforce implications [48], parental attitudes [49], or cost-effectiveness [52],
but did not provide clinical data.

[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. CPAP - continu-
ous positive airway pressure, LMIC - low- or middle-income country.
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CPAP for paediatric pneumonia in LMICs

Risk of bias

Of the 19 studies providing original clinical data, quality was assessed as weak in 7 studies [33,40,41,44,53-
55], moderate in 10 [34,35,37,38,42,43,45-47,50] and strong in 2 studies (Table S2 in the Online Supple-
mentary Document) [36,39].

Where were the studies conducted?

Studies took place in 2 low-income countries (Uganda and Malawi), 5 lower-middle income countries
(Bangladesh, India, Ghana, Papua New Guinea, and Tanzania) and 1 upper-middle income country (Bra-
zil) (Table 1).

Fourteen (61%) studies were predominately in urban tertiary hospitals [33-35,37,40,42-47,50,53,55], and
8 (35%) were in district level hospitals (mostly rural) [36,38,39,41,48,49,51,54]. Of the 14 tertiary hospital
based studies, 6 took place in intensive care wards [33,34,37,40,42,44].
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A total of 5050 children were enrolled in the 19 included studies that provided original clinical data (in-
cluding case reports): 43.5% (2200) in a single large crossover study in two district hospitals in Ghana [39].
This study aside, 72% (2052/2850) of the remaining children were studied in tertiary centres.

Which children have been studied?

While all included studies included a subset of children with pneumonia requiring CPAP, the populations
included children of varying ages with bronchiolitis, all cause respiratory distress, respiratory failure, as
well as WHO-defined severe or hypoxaemic pneumonia (Table 1).

Three randomised trials focussed on infants aged <12 months with bronchiolitis (total 165 participants), all
conducted in tertiary hospitals settings in Brazil and India, including two in paediatric intensive care units
(PICU) [33,35,37]. These studies all reported zero inpatient mortality in both CPAP and comparison groups
(high-flow or standard oxygen therapy), small or no improvement in clinical signs, and similar rates of treat-
ment failure and length of stay between CPAP and High Flow Nasal Cannula (HENC) or standard care groups.
Young infants with likely bronchiolitis were also reported in observational studies of WHO pneumonia in In-
dia (27%-31% of total population) [40,43], Malawi (53% of total population) [45], Papua New Guinea (1.6%
of total population) [47], and in 3 case reports of successful CPAP treatment in Malawi and Tanzania [53-55].

Five studies included children with general respiratory distress (total 2763 participants), including 3 observa-
tional studies [40,41,45] and 2 trials comparing CPAP to delayed initiation of CPAP or standard care [38,39].
These studies included a range of ages and illnesses, with mortality ranging from 3% (typically younger in-
fants with bronchiolitis) to 29% (high HIV-related pneumocystis carinii pneumonia). Three comparative stud-
ies from semi-rural hospitals in Ghana and Uganda suggested that CPAP was associated with respiratory im-
provement within a few hours of initiation [38,41], and possible mortality benefit for infants <1 year of age
but not older children [39].

Two trials [34,36] and two observational studies [42,43] focussed on children with hypoxaemic or high-risk
pneumonia (total 1967 participants), with mortality ranging from 3% to 14%. The trial from a tertiary PICU
in Bangladesh reported reduced mortality with CPAP compared to high-flow or standard low-flow oxygen
[34], but the trial in a rural district hospital in Malawi found increased mortality [36]; both trials were stopped
early at interim analysis.

Four observational studies enrolled children with respiratory failure (failing standard oxygen therapy), most-
ly related to severe pneumonia. Mortality ranged from 33% to 55% (urban Papua New Guinea and Malawi)
[46,47,50], except for one Indian study involving children with influenza-like illness during the swine flu ep-
idemic (zero mortality) [44]. These studies reported improved respiratory signs and did not include a com-
parison group.

Across all these studies, older children (especially >12 months), children with HIV, severe acute malnutrition,
multi-organ failure, or other comorbidities generally fared worse on CPAP that those without [39,46,50]. Early
response to CPAP (specifically correction of hypoxaemia) was a strong predictor of survival [47].

CPAP set-up

All but 3 of the studies [33,37,40] used a form of bubble CPAP (Table 2). Seven studies used commercially
available bubble CPAP systems [36,38,39,45-47,53]. In 5 studies a bubble CPAP circuit was improvised by
using nasal prong tubing, cut with one limb submerged under a column of water, the depth determining set
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CPAP for paediatric pneumonia in LMICs
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Improvised

None

Binasal prongs or

Water bottle

nasopharyngeal tube

None

Bubble (nasal prong tubing, cut Oxygen

Walk 2016
[50]

with one limb submerged under

column water)

concentrator

Approx US$400 for CPAP set

Commercially
available

Hudson RCI CPAP nasal Closed system.

cannula

Bubble CPAP (DeVilbiss IntelliPAP Central or

CPAP machine)

Wilson

up, US$32 for disposable nasal

prongs

Integrated

0.0025% acetate

Integrated

solution in water

concentrators

2013 [38]

Commercially  Assume same as Wilson 2013

available

Closed system.

Three sizes of single-use Hudson

RClI nasal prongs

Bubble CPAP (DeVilbiss IntelliPAP Central or

CPAP machine)

Wilson

Integrated

0.0025% acetate
solution in water

Integrated

above

concentrators

2017 [39]

CPAP — continuous positive airway pressure

#Cost of CPAP equipment only excluding oxygen provision and ongoing maintenance costs.

tExchange rate Indian rupee: US$, 74:1.

pressure [41,56-59]. Depths between 5 and 10 cm were
used in included studies. Other modalities included a
flow-inflating device [40], and CPAP via a mechanical
ventilator [33,37].

Oxygen was supplied by oxygen concentrators or cyl-
inders in most studies, with wall or central pressurised
O, available in 3 studies [38,39,43]. Fifteen systems al-
lowed blending of air and oxygen, 10 included humid-
ification, and only one heating [35]. Two studies used
mask interfaces [33,40]. The remaining used exclusive-
ly nasal prongs, a combination of prongs and nasopha-
ryngeal catheters [35,50] or prongs and masks [36,37].

Staffing and clinical practice context

Of 19 studies providing original clinical data, only 3
observational studies from urban hospitals in Africa re-
ported nurse to patient ratios (range=1:2 to 1:40) (Ta-
ble 1) [46,47,50]. Similarly, few studies reported doc-
tor supervision, generally involving a mid-level doctor
or medical officer available onsite during the day and
on-call overnight with at least daily senior medical ward
round [39,46,47,50]. The notable exception was one tri-
al in rural Malawi that was nurse-led (doctor available
by phone for advice only) and was stopped early due to
excess mortality in the CPAP arm [36].

Studies typically required nursing review with-
in 1-2 hours of commencing CPAP or changing set-
tings [34-41,43,45,47], then just 2-4 times per day
[36,38,39,41,44-47,50], with only three studies from
tertiary hospitals in India and Bangladesh continu-
ing 1-2 hourly observations [34,40,43]. Many stud-
ies used pulse oximetry [33-44,46,47,50], and some-
times blood gas analysis and/or formal severity scores
[34,35,37,41,43,44,47], to monitor clinical response,
but frequency of monitoring was rarely documented.

Nasogastric or orogastric tubes (NGT/OGT) for gastric
decompression and/or feeding were commonly includ-
ed in study protocols but adherence to this was poor-
ly reported [34,36,37,40,41,46,47,50,54,55]. In one
study although 96% of patients met criteria for NG
tube insertion, only 16% received one [36]. Chest ra-
diography (CXR) was available in most facilities [34-
37,41,43,44,47], but not all [39,46].

Equipment and training

Training was typically directed at nurses [34,36-
39,41,47], often described as interactive/hand-on/prac-
tical [36,38,41], included some test of competence
[36,38,41], and follow-up supervision or re-training
[36,38,39].

Few studies reported on equipment function, mainte-
nance, or sustainability, and those that did found prac-
tical challenges. An RCT from a PICU in Bangladesh
reported equipment failure in 20% of cases during the
trial [34]. During a crossover trial in 2 small hospitals
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Wilkes et al.

in Ghana, CPAP was stopped early due to loss of power in 1 patient despite backup generators provided by
the study team [39]. Six patients ran out of oxygen while on CPAP during an observational study in a region-
al hospital in Uganda [41].

Even less is known about medium- and long-term sustainability of equipment or health care worker skills. A
16-month follow-up study of the Ghana trial found that 13% (1/8) of CPAP machines and 63% (5/8) of oxy-
gen concentrators were non-functional and detected a significant drop-off in skills and knowledge in the staff
who had been trained since the end of the study (despite some retraining having taken place) [51]. A case re-
port from rural Tanzania highlighted challenges to sustained CPAP practice due to unavailability of compo-
nents and increased demands on clinical staff [54].

Comfort and complications
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CPAP adverse effects were inconsistently reported, with minor complications (eg, mucosal dryness, nasal skin
trauma, mild gastric distension) ranging from <10% [35,36,38-41,43,44,46] to >50% [37,50] of participants.
Studies that compared CPAP to HENC or low-flow oxygen generally found higher rates of minor complications
with CPAP [36,37]. Aspiration (0%-1.2%) [34,36,41,46] and pneumothorax (0%-1.8%) [34-39,41,43,44]
events were uncommon.

Cost

Costs were reported in 7/19 studies providing clinical data: three studies reported the costs of modifying an ex-
isting oxygen (+/- air) source to provide bubble CPAP (range US$3.40 to 6.80 without humidifier) [35,41,44],
and four studies reported the cost of a low cost CPAP device and consumables (US$350 to 400) — but none
included personnel, training, or maintenance costs (Table 2) [38,39,45,53]. In a cost-effectiveness analysis,
Kortz inputted one-off and ongoing CPAP equipment and costs, training costs, but not costs for extra per-
sonnel or staffing time [52]. In this analysis CPAP for severe pneumonia cases costed US$64 per patient more
than standard care, with a favourably cost per Disability Adjusted Life Years (DALY) averted compared to oth-
er pneumonia interventions.

Reporting of the personnel and time-cost of CPAP is a gap in the literature. Recent work from Sessions et al
found that health care workers performed more tasks and took more time (118 vs 83 minutes to initiate and
4.6 vs 1.5 minutes to adjust) with CPAP treatment relative to low flow oxygen [48]. They estimated this could
lead to an additional 164 hours of work per month hospital if CPAP use was expanded to all patients with se-
vere pneumonia (with or without comorbidity).

DISCUSSION

This review aimed to understand patient selection and contextual factors that influence the effectiveness and
safety of CPAP for children with severe respiratory infection that would meet WHO’s definition of severe pneu-
monia. We found heterogeneity in patient population, contexts, and intervention that limits the ability to pool
results. However, while there are gaps, there are currently sufficient data and expert opinion to outline prac-
tical recommendations.

Which children benefit from CPAP?

Our understanding of the mortality benefits of CPAP for severe respiratory distress in children in low and mid-
dle income countries has been shaped by 3 RCTs demonstrating significant benefit in reducing clinical failure
and mortality [34], no benefit in all-cause mortality [39], and increase in mortality [36]. Hypotheses behind
the reasons for these conflicting results highlight the importance of context and study design in assessing the
potential role of CPAP [60-62].

In this review we document the heterogeneity of patient populations studied across both RCTs and observation-
al studies, reflected in the large differences in the proportion of children who died in the studies. The reasons
are multifactorial, but importantly reflect differences in case definition, inclusion and exclusion criteria. Pre-
dictably, studies of bronchiolitis (ie, single organ pathology) based in intensive care or highly monitored units,
with access to mechanical ventilation, had the lowest (zero) mortality. Conversely, studies that enrolled chil-
dren with respiratory failure — defined as hypoxaemia or respiratory distress worsening or not improving with
low flow oxygen — documented mortality in 50% of children. So, while all studies enrolled patients that would
fulfil WHO’s definition of severe pneumonia this encompasses a wide range of populations from infants with
(mostly) self-limiting bronchiolitis to older children with complicated pneumonia and multi-organ failure [63].
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CPAP for paediatric pneumonia in LMICs

This review highlights that our evidence base for post-neonatal CPAP is heavily skewed by data in young
children, with most studies enrolling children with mean/median ages <18 months. This is reflected in both
studies exclusively of bronchiolitis [33,35,37], and in studies of pneumonia enrolling a significant proportion
(27%-54%) of infants with bronchiolitis [40,43,45]. In others, it reflected the higher risk of severe disease and
deterioration in the first year of life [47,50].

Table 3 summarises the current evidence using the Oxford Levels of Evidence framework [10]. In keeping
with studies from high resource settings [35], there is evidence that CPAP reduces respiratory distress and im-
proves oxygenation in bronchiolitis, and possibly reduces mortality. The current literature most supports the
use of CPAP in infants <1 year with likely bronchiolitis, who have hypoxaemia or respiratory distress not re-
sponding to low flow oxygen and preserved respiratory drive and upper airway reflexes, in settings with low
HIV prevalence and malnutrition and adequate staffing. For this population, it would make sense to align (at
least the CPAP set-up) with what is being recommended for neonatal CPAP [64,65]. Box 1 provides an exam-
ple checklist to assess appropriateness of implementing CPAP in any given setting.
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Table 3. Conclusions from included studies

LEVEL OF
CONCLUSIONS KEY SUPPORTING RESULTS EVIDENCE
CPAP reduces signs of respiratory distress in children (<5 y) with respi- Improved SpO, [41,44,45,47,50]. Reduced respiratory rate 3
ratory distress due to lower respiratory tract infections. [38,40,41,44,45,50]. Improved respiratory distress score [41,45].
CPAP reduces signs of respiratory distress in infants with bronchiolitis. Imp.roved SPOZ [45]. Reduced respiratory rate [35,40,4]. Improved 2
respiratory distress score [35,45].
CPAP reduces mortality in infants (<1 y) with respiratory distress, pre- All-cause mortality 10/374 (3%) CPAP vs 24/359 (7%) control RR=0.4 5
served respiratory drive and upper airway reflexes. (0.19-0.82, P=0.01) [39].
CPAP reduces treatment failure in children <5 y with WHO-defined Treatment failure: 5/79 (6%) CPAP vs 16/67 (24%) low flow RR=0.27 5
severe pneumonia and hypoxaemia in an ICU setting. (0.07-0.99, P=0.0026) [34].
CPAP reduces mortality in children <5 y with WHO-defined severe Death: 3/79 (4%) CPAP vs 10/67 (15%) low flow RR=0.25 (99.7% 3
pneumonia and hypoxaemia in an ICU setting. C1=0.07-0.89, P=0.02) [34].
Death: 26/1021 (3%) CPAP vs 44/1160 (4%) low flow RR=0.67 (0.42-
CPAP may have no impact or increase mortality of children <5 y in set- 1.08, P=0.11) [39]. Death: 53/321 (17%) CPAP vs 35/323 (11%) low 5
tings with limited medical supervision and low nurse to patient ratios. flow RR=1.52 (1.02-2.27, P=0.036) [36]. Meta-analysis (death):
RR=0.75 (95% CI=0.33-1.72) [8] (includes [36,39] and Chisti [34]).
Bubble C})AP is safe, with low risk of serious adverse events with reg- Low incidence of adverse events [34-36,39.41.43]. 5
ular nursing oversight.
Treatment failure: 10 (35.7%) CPAP vs 13 (38.2%) HENC, P=0.952
[33]. Treatment failure: 6% CPAP vs 13% HFNC, RR=0.50 (99.7%
There is insufficient evidence to determine whether HFNC is non-in- CI=0.11-2.29), P=0.175 [34]. Mortality: 4% CPAP vs 13% HFNC, 5
ferior to CPAP for infants with bronchiolitis in low resource settings. RR=0.30 (99.7% CI=0.09-1.05), P=0.082 [34]. No differences in
length of hospital stay, length of stay, or duration of respiratory sup-
port needed [33,35].
Effectiveness in ICU setting [34]. Harm in settings with no medical
Units offering CPAP need to have daily medical oversight. supervision [36]. Safety in district hospital setting with daily medical 2
oversight [38,39].
CPAP should not be provided as an additional therapy without increas-  Significant nursing time for CPAP set-up and observations [48]. Harm 3
ing nurse to patient ratios in non-ICU/HDU settings. in under supervised / high patient to nurse ratio setting [36,40].
Children on CPAP should have a nasogastric inserted, and allowed to . -
. . Potential aspiration events [30] 3
vent to prevent stomach over-distension.
Children on CPAP need to have a feeding plan — nil by mouth until Potential aspiration events [36]. Safety when clear protocols in place 3

determined safe to feed by supervising physician.

[39,47,60].

Research directions

Future research should aim to further understand the subset of patients, fulfilling WHO’s definition of se-
vere pneumonia and presenting outside of tertiary and intensive care units, who would most benefit from
CPAP. And to determine clinical predictors that can be used to identify these children to further clarify
guidelines on eligibility for safe and effective CPAP. Conversely, it would be also important to predict subsets
of children who would do badly on CPAP, and understand the actiology of CPAP failure or death. Building
on the evidence base of minimal standards to sustain safe and effective CPAP will assist wider adoption.
Research on CPAP use should ideally report all above reviewed contextual factors to provide readers with a
better understanding of the intervention, the environment in which it was introduced, and the population
in whom it was used. Ideally, costs should include total systems cost (including staffing, training, consum-
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Box 1. Assessing suitability of CPAP

Below are some questions to assess whether CPAP would be a suitable intervention in each setting. If the an-
swer to any of these questions is no, it should be addressed prior to reconsidering.
1. Are there adequate numbers of staff day and night so that patients on CPAP:
- are continuously monitored with adjustments made to the CPAP as needed to maintain efficacy (eg, main-
taining an adequate nasal seal to maintain pressures);

- will receive any additional necessary management required (eg, nasogastric tube for decompression of
stomach distension and nasogastric feeding or intravenous fluids);

- clinical deterioration will be quickly identified, and appropriate steps taken
2. Are all nursing and medical staff who will be caring for patients on CPAP:

- adequately trained in CPAP use, including knowledge of indications for use, how to set up CPAP, how to
maintain it
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- aware of the potential complications (eg, pneumothorax, nasal pressure areas, risk of unrecognised respi-
ratory failure) and have skills in how to recognise and manage such complications safely and effectively

- is there a plan for ongoing monitoring and training to account for loss of knowledge and skills and / or
staff turnover

3. Is adequate equipment available for using CPAP?
- Ensure CPAP will not negatively impact on care of other patients (eg, are there sufficient oxygen sources
available that giving one patient CPAP will not limit access to other patients to standard oxygen therapy)
- Ensure infection control and equipment sterilisation procedures are in place
- Ensure technician/health care worker trained in day-to-day trouble shooting and maintenance
- Ensure adequacy of power supply or back-up source of power
4. Are adequate monitoring tools available?
- Monitoring charts of vital signs with thresholds for responses and escalation
- Clinical guidelines on the use of CPAP and care of patients with acute respiratory disease
- Pulse oximetry
- Audit processes

ables, power, maintenance and repairs), and not just equipment costs, so that facilities can evaluate feasibility
and cost-effectiveness in considering CPAP adoption. When CPAP is introduced into a setting significant-
ly different from those studied in the literature, it is best to do so in the context of a quality improvement
evaluation, such that efficacy can be properly reviewed in that setting prior to wider uptake. An evaluation
and reporting framework for CPAP studies has been proposed (Table 4) [66].

Table 4. Reporting framework of CPAP studies adapted from Duke 2019 [61]

CPAP studies should include objective reporting of the characteristics of their equipment, method, patient group, staffing, monitoring and sup-

portive care, equipment maintenance requirements and outcomes.

* Type of CPAP — ventilator, commercial or improvised bubble CPAP; gas flow source for oxygen and air; blender and humidi-
CPAP equipment fier method; circuit tubing diameter and composition. If improvised, details of container used for insertion of expiratory limb;
interface — mask or prongs, brand and size.

CPAP clinical method * Pressure — starting, maximum and titration guidelines; monitoring of whether pressure is delivered (bubbling); flow — gas/
clinical metho
oxygen flow rates used; fraction of inspired oxygen — starting and maximum.

Patient group / inclusion ¢ Age; disease/condition — including differentiation of pneumonia and bronchiolitis; eligibility for CPAP — eg, respiratory distress
criteria score, or hypoxaemia despite low flow oxygen; comorbidities;exclusion criteria — eg, GCS<8, persistent vomiting.

Monitori J . * Pulse oximetry — frequency, and response to hypoxaemia; monitoring/observation charts — frequency of observations and de-
onitoring and support- ) : . ; ) . . )
& PP fined responses and escalation procedures; respiratory distress score; fluids and feeding management; nasogastric insertion,

ive care
free drainage; guidelines for management of childhood illness and CPAP.
* Setting — urban/rural, tertiary/district, government/private, general ward/high dependency unit/separate intensive care unit;
Health service aspects nurse — patient ratio, day, and night; paediatrician presence; doctor presence 24 h a day; nurse training in acute care and CPAP;

details on CPAP training for nursing and medical staff; chest x-ray facilities; frequency of ward rounds.

) * Biomedical technician trained to repair CPAP machines and other oxygen equipment; oxygen analyser for checking perfor-
CPAP maintenance .
mance of oxygen equipment.

Out  Mortality rates — overall and disease/age specific (causes of death); adverse events (pneumothorax, nasal bleeding or pressure
utcomes )
areas, aspiration).

Cost * Equipment; additional personnel; running costs — including maintenance/repairs, power, consumables.
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Limitations

Our review was intentionally broad, to capture all CPAP-related studies from low- and middle-income coun-
tries, and enabled us to capture 7 studies not included in previous systematic reviews [8,9]. We restricted
our search to CPAP, rather than other non-invasive ventilation (NIV) strategies, to make our findings most
applicable to low-resource settings where low-cost CPAP is likely to be more feasible than strategies requir-
ing a mechanical ventilator. We also limited our search to English-language articles and we are aware that
this excluded some studies from Latin America [67,68]. Despite this, our review included a broad range of
settings across Africa and Asia-Pacific regions and the findings will be highly relevant to health managers
and policy-makers who are seeking to enhance hospital care for children with severe pneumonia.
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CONCLUSIONS

CPAP is a safe intervention in settings resourced with intensive monitoring and supportive care, and the
strongest evidence for a benefit of CPAP is in infants (less than 1 year) with bronchiolitis. The available pub-
lished evidence and clinical experience can be used to help facilities assess appropriateness of implement-
ing CPAP, guide health workers in refining selection of patients most likely to benefit from it, and provide
a framework for components of safe and effective CPAP therapy. There is scope for future research to better
detail and standardise the reporting of context, studied populations and CPAP set-up to assist policy mak-
ers and health workers in adapting research findings to their local setting.
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