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Continuous positive airway pressure for children with
undifferentiated respiratory distress in Ghana: an open-label,
cluster, crossover trial

Patrick T Wilson, Frank Baiden, Joshua C Brooks, Marilyn C Morris, Katie Giessler, Damien Punguyire, Gavin Apio, Akua Agyeman-Ampromfi,
Sara Lopez-Pintado, Justice Sylverken, Kwadwo Nyarko-Jectey, Harry Tagbor, Rachel T Moresky

Summary
Background In low-income and middle-income countries, invasive mechanical ventilation is often not available for
children at risk of death from respiratory failure. We aimed to determine if continuous positive airway pressure
(CPAP), a form of non-invasive ventilation, decreases all-cause mortality in children with undifferentiated respiratory
distress in Ghana. open \Goe) : researChevs + '&a) CJ\P\V\\'S e\ ow
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oX ethods This open-label, cluster, crossover trial was done in two Ghanaian(@on-tertiarp) hospitals where invasive
mechanical ventilation is not routinely available. Eligible participants were children aged from 1 month to 5 years

‘\‘ with a respiratory rate of more than 50 breaths per min in children 1-12 months old, or more than 40 breaths per min
2‘6_ wo. in children older than 12 months, and use of accessory muscles or nasal flaring. CPAP machines were allocated to
20-60 one hospital during each study block, while the other hospital served as the control site. The initial intervention site
was randomly chosen using a coin toss. 5 cm of water pressure was delivered via CPAP nasal prongs. The primary

212m0- . 1tcome measure was all-cause mortality rate at 2 weeks after enrolment in patients for whom data were available
24-40  afier 2 weeks. We also did _post-hoc regression analysis and subgroup analysis of children by malaria status, oxygen

saturation, and age. This study is registered with ClinicalTrials.gov, number NCT01839474.

coNnWVo\ yavcRo\e s ot (T evvor — A false concluvson) Correlavon
Findings Between Jan 20, 2014, and Dec 5, 2015, 2200 children were enrolled: 1025 at the intervention site and 1175 at
the control site. Final analysis included 1021 patients in the CPAP group and 1160 patients in the control group.
2 weeks after enrolment, 26 (3%) of 1021 patients in the CPAP group, and 44 (4%) of 1160 patients in the control group,

RR* ... had died [RR] of mortality 0-67& 95% CI 0-42-1-08; p=0-11)1\1n children younger than 1 year, all-cause

> rdg)\\m\\ ortality was ten (3%) of 374 patients in the CPAP group, and 24 (7%) of 359 patients in the control group (RR 0-40)

ok 2NVt 0-19-0-82; p=0-01}, After adjustment for study site, time, and clinically important variables, the odds ratio for 2-week
P ] y y imp

S & mortality in the CPAP group versus the control group was 0-4 in children aged up to 6 months, 0-5 for children aged
n W\n months, 0-7 for children aged 24 months, and 1-0 for those aged 36 months. 28 patients (3%) in the CPAP group

? and 24 patients (2%) in the control group had CPAP-related adverse events, such as vomiting, aspiration, and nasal,
Osm\) skin, or eye trauma. No serious adverse events were observed.

Interpretation In the unadjusted analysis the use of CPAP did not decrease all-cause 2-week mortality in children
1month to 5 years of age with undifferentiated respiratory distress. After adjustment for study site, time, and clinically
important variables, 2-week mortality in the CPAP group versus the control group was significantly decreased in
children 1 year of age and younger. CPAP is safe and improves respiratory rate in a non-tertiary setting in a lower-
middle-income country.
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Introduction

Pneumonia, sepsis, and severe malaria kill more than
2 million children younger than 5 years every year."”
These treatable illnesses can present as undifferentiated
acute respiratory distress that can progress to respiratory
failure. Most of these deaths occur in low-income
and middle-income countries, where diagnostic and
therapeutic interventions are often severely scarce.**
Further, because of physician shortages, patients are
often treated by non-physician clinicians. Interventions
to improve patient outcomes in low-income and
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middle-income countries will have maximum effect if
they do not depend on sophisticated diagnostic tests and
if they can be initiated and managed by non-physician
health-care providers.

Continuous positive airway pressure (CPAP) can
improve survival in premature neonates with respiratory
distress syndrome in low-income and middle-income
countries.”” Results from two studies® suggest that CPAP
could improve survival beyond the neonatal period in
children with primary pulmonary disease, although
neither study was large and both were done in academic
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Evidence before this study W \¥ (s Added value of this study *3

We searched PubMed and Cochrane databases with the search
terms “child” OR “pediatric” OR “infant” AND any combination
of "bubble CPAP” OR “bubble continuous positive airway
pressure” OR “nasal CPAP”. We also searched these databases
with the terms “developing country” or “low or middle income
country”, and “efficacy” OR “survival” OR “treatment outcomes”.
The reports we identified that were published before our study
were either based in neonatal intensive care units focusing on
the neonatal period, or did not look at mortality as an outcome
measure. Before the start of this trial, we found no studies
evaluating the effect of continuous positive airway

pressure (CPAP) on mortality in children aged from 1 month to
5 years, presenting with undifferentiated acute respiratory
distress in non-tertiary hospitals in a low-income or
middle-income country. In a previously published randomised
clinical trial, we showed feasibility and safety of
nurse-administered CPAP for children with respiratory distress
in four non-tertiary hospitals in Ghana. That study showed that
CPAP lowers respiratory rate at 1 h, but it was not powered to
detect a difference in mortality. This study was an open-label
cluster crossover trial done in two non-tertiary hospitals in
Ghana. The aim of the study was to determine whether the use
of CPAP decreases all-cause 2-week mortality in children aged

1 month up to 5 years old, presenting with undifferentiated
acute respiratory distress.

7
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medical centres. In a previous randomised clinical trial,”
we showed the feasibility and safety of nurse-initiated
CPAP for children with respiratory distress in non-
tertiary hospitals in Ghana, and found that CPAP lowered
respiratory rate in this population. CPAP technology is
less expensive (approximately US$400 per CPAP
machine and $32 per nasal interface),"” has lower
complication rates, and requires less technical skill than
invasive mechanical ventilation, making it an attractive
option in resource-poor countries.*™

In resource-poor regions of the world, laboratory and
radiographic diagnostic tests are not routinely available,
and nurses initiate medical interventions without close
oversight from a physician. In these settings, it is not
feasible to reliably identify which children with
respiratory distress have primary pulmonary processes
(pneumonia, pulmonary oedema) and which have non-
pulmonary processes (sepsis, severe malaria, metabolic
acidosis). Thus, we aimed to determine if nurse-initiated
CPAP decreases all-cause 2-week mortality in children
with undifferentiated respiratory distress.
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Study design
v\ind Swd This study was an open-label, prospective, cluster,
L= 4% ec\-'\ ‘am@ crossover trial that was done at two non-tertiary hospitals
N ac\VowV-ce in Ghana. The aim was to determine whether the
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We aimed to evaluate the effectiveness of CPAP in a setting
where nurses care for patients with limited physician
oversight, and where diagnostic tests such as radiographs,
microbiological cultures, and blood gas analyses are not
routinely done. In this context, CPAP was associated with
improved respiratory rate and decreased mortality in children
with undifferentiated respiratory distress, driven by improved
survival in children less than 1 year old. No serious adverse
events were observed. Our findings demonstrate CPAP is
effective and safe to use in district level hospitals by emergency
ward nurses who work much of the day without direct
supervision by a physician.

Implications of all the available evidence

Our findings show the effect of CPAP on all-cause mortality in
children with respiratory distress treated outside the tertiary
care setting. Results from two smaller studies in academic
centres in Bangladesh and Malawi showed that CPAP was
associated with improved survival in children with primary
pulmonary diseases. These findings, taken collectively, support
the use of non-invasive ventilation for children presenting with
acute respiratory distress in low-resource settings. Our findings
are a step forward in codifying best practices for treating
children with undifferentiated respiratory distress in
resource-limited settings.

application of CPAP decreased all-cause 2-week mortality
in children aged from 1 month to 5 years who presented
with undifferentiated acute respiratory distress.

Study sites were two non-tertiary hospitals (Mampong
District Hospital and Kintampo Municipal Hospital),
where invasive mechanical ventilation was not routinely
available, and nurses initiated and managed care with
once or twice daily physician rounds. The two study
hospitals were located 135 km apart. Each hospital
employed between two and four physicians, had four or
five paediatric beds in the emergency ward, and served a
catchment area with approximately 100000 people. Both
hospitals had equipment to conduct full blood count,
malaria microscopy, and plain radiographs, but inc-

onsistent availability of electricity, reagents, and tech- ¥
nicians limited their use. Neither hospital routinely did %
bacterial cultures, respiratory viral panels, blood gases, Jc»

S

chemistry panels, chest radiographs, or echocardiograms.
Both sites had hospital-wide generators that were used
during prolonged power outages if fuel was available.
The study provided smaller generators to each emergency Q § d\
ward to provide continuous power. Generators were ¢ @ >*
available at both the control and the intervention site
throughout the study period and were donated to the g
sites at the end of the study. -

The study protocol was approved by the Columbia ¢
University Medical Center Institutional Review Board
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and local institutional review boards at the Kwame
Nkrumah University of Science and Technology and
Ghana Health Services, and by the leadership of each
hospital. The Ghana Food and Drug Authority provided
regulatory oversight.

{ CPAP was delivered according to a previousl;;]

ublished protocol.”

Participants

All children presenting to the hospitals’ emergency
departments with fast breathing were screened for study
eligibility. Inclusion criteria were age 1 month to 5 years,
respiratory rate of more than 50 breaths per min in
children 1-12 months old or more than 40 breaths per
min in children older than 12 months, and use of
accessory muscles or nasal flaring. Exclusion criteria
included skin breakdown around the nose or mouth,
facial trauma, inability to protect the airway, persistent
emesis, unresponsiveness or coma, poor respiratory
effort requiring positive pressure ventilation, known or
suspected pneumothorax, asthma, upper airway
obstruction, or cardiac instability (systolic blood pressure
less than the fifth percentile for age). Research staff were
available 24 h a day, 7 days a week to enrol patients. CPAP
was applied and managed by the existing hospital staff
nurses, who were trained by study investigators. Written
documentation of informed consent was obtained after
the participants’ guardians reviewed the consent form
written in English, or had it translated verbally into their
spoken language.

Randomisation and masking

CPAP machines were allocated to one hospital
(intervention site) for each study block, while the other
hospital served as the control site. The initial intervention
site was randomly chosen with a coin toss. CPAP was
available at Mampong Hospital for the first 6 months,
then at Kintampo Hospital for the subsequent 12 months,
and then back to Mampong for the final 6 months. Each
site thus served as an intervention site and control site
for 12 months, covering every calendar month to control
for seasonal variability. There was no masking.

Procedures

CPAP was delivered with the DeVilbiss IntelliPAP CPAP
machine (Somerset, PA, USA) using a previously
published protocol.® 5 cm of water pressure was delivered
regardless of age, oxygen saturation, or clinical
presentation. Seven CPAP machines were provided to
each site and this was a sufficient number throughout
the study. Three sizes of single-use Hudson RCI nasal
prongs (Durham, NC, USA) were available as the
interface. Size selection was determined by best fit in the
nares and obtaining a complete seal. Delivered pressure
was locked at 5 cm of water and confirmed by observing
bubbles in the expiratory bottle of the closed system. Wall
oxygen or concentrators were used to administer the
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minimal amount of oxygen needed to maintain an
oxygen saturation of at least 92% as measured by pulse
oximetry, either through the CPAP circuit or via a non-&=—

Req vies ?\'

rebreather facemask in the control group. Because the Ao\ rek ow
enrolled patients might have been suffering from severe ~YAAAY SLAIVN:
anaemia or severe sepsis, and they were critically ill with

very fast breathing, we used 92% as the cutoff to avoid

being too close to the steep part of the oxygen dissociation B1oc e, 1

curve. Since physicians are not usually present in the

emergency wfrdyat the study hospitals, erlergency ward © 2‘/' ) Q\o GV
nurses were responsible for the initiation and o\ X ?\ oS

management of CPAP. CPAP was continued until the e Saavovanwen
patient had a normal respiratory rate for their age (at oL \"\'Q\a
which time it was immediately removed), was unable to
tolerate the device, developed a nasal or facial skin injury, | nesm eV CA
transferred to another facility, or died. The treating
clinician could elect to remove CPAP at any time.
Patients_were treated per local care and physicians’
orders. [Every 6 months, the local research staff received
refresher training on the use of CPAP and the
management of critically ill children.) €Aocaa\tewn
Respiratory rate, oxygen saturation, heart rate, blood \3
pressure, and temperature were recorded at baseline, 4 h, e
8 h, 12 h, and 24 h. Study staff were trained to count
respiratory rate for 60 s, either continuously or in two 30 s
blocks using a stopwatch or the second hand of a
timepiece, according to WHO recommendations.*
General Electric Dinamap V100 (Fairfield, CT, USA)
automated patient monitors were provided by the study
group to measure oxygen saturation, heart rate, non-
invasive blood pressure, and axillary temperature.
Haemoglobin was measured with each hospital’s
existing full blood count machine. Plasmodium falciparum
malaria was tested using rapid antigen detection with
either Standard Diagnostics HRP-II (Gyeonggi-do,
South Korea) or Premier Medical Corporation HRP-2
(Gujarat, India). Adverse events were recorded on case
report forms, which included specific prompts to report
any vomiting; aspiration; or nasal, skin, or eye trauma.
A hospital visit, home visit, or phone call was used to
document the status of the patient from 2 weeks after
enrolment. Data from the paper case report forms were
transferred via double data entry to an electronic
Microsoft Access database.
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Outcomes .)Q-\’\n,.g VS W

The primary outcome was all-cause mortality 2 Weeli<s Yo no ke ofc

after enrolment. Secondary outcomes were change in \\~oA Ddies

respiratory rate at 24 h, rate of adverse events, and wWouL o

proportion of patients requiring supplemental oxygen Vv Yo

for oxygen saturations lower than 92%. Safety analysis eNANO O\SCL Socke sy
of CPAR, &

N .

included all adverse events and serious adverse events

for both groups. i g evalunhs
w y
Statistical analysis Ov ol \—\a :
A sample size of 906 participants in each group was
calculated to detect a 3% absolute reduction in mortality
e617
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2486 patients assessed for eligibility
1222 Kintampo Hospital
1264 Mampong Hospital

286 excluded
246 ineligible
h 4 40 declined to participate

| 2200 enrolled |

v v

1025 enrolled at CPAP site*

v

1175 enrolled at control site*

653 Kintampo 515 Kintampo
372 Mampong 660 Mampong
4 excluded 15 excluded
3 withdrew consent 2 withdrew consent
¥ 1lostto2-week follow-up — 9 lost to 2-week follow-up
1 lost case report form
3 enrolled but did not meet age criteriat
v v

1021 included in primary analysis 1160 included in primary analysis

Figure 1: Trial profile

CPAP=continuous positive airway pressure. *CPAP was available at Mampong Hospital for the first 6 months, then
at Kintampo Hospital for the next 12 months, and then back at Mampong for the final 6 months. All patients
enrolled at the intervention site received CPAP, and no patients at the control site received CPAP. fParticipant was
younger than 1 month old after enrolment, removed from final analyses.

rate (from 7% to 4%), assuming a power of 0-8 and
significance level of 0-05. Sample size estimation and
analysis were applied at the individual level. Assuming a

?w 5 Q’ _YZ 5% loss to follow-up at 2 weeks, we planned to enrol
eNvor 950 subjects in each arm; 26 patients a month at each

L‘%\\\ Yove C‘\'VN\\) study site over 3 years. Enrolment of participants

progressed faster than anticipated; with approval from

A=< \ani Rmnce the data and safety monitoring board and all regulatory

\ g 59 boards, the total sample size was increased to 2200 to

\{V@ v allow for 2 complete calendar years of enrolment, to
NANC -

A S anca)

account for seasonal variation. Analyses were done in
patients for whom data were available. We assessed
categorical variables using a X2 test. We analysed
continuous variables using a t-test and Mann-Whitney
U test, which gave similar results for all comparisons.
We also did post-hoc regression analysis and subgroup
N analysis of children by malaria status, oxygen saturation,
Wnoe ence and };ge. The analysi: based on age su)l;yggroups was not
— 4o (ﬂ{_Q/—\{)V W IN€  written in the original IRB protocol or ClinicalTrials.gov.
\E 2 oo\ OA CO&\ We developed a more complete data analysis plan before

. enrolment ended and study analysis started, including
Navrialole the subgroup analysis. We chose the conservative

e \0\\'Cd . approach of describing it as post-hoc in this Article.

The outcome variable was binary (dead or alive at
2 weeks), therefore we fitted a multivariate logistic
regression model with the predictors study arm, study
site, study month, age, respiratory rate, and oxygen
saturation. Since there were only two study sites, we
included this variable as a fixed effect to adjust by site. A
quadratic term for study month was considered to allow
non-linear association with the outcome. Interaction

% dest=on*
teex of

oOwv&
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effects of age with study arm, and age with study site,
were also included.

The results reported here are based on complete cases.

Multiple imputation was used for missing values (n=512,
haemoglobin; n=18, rapid malaria; n=1, oxygen saturation),

and the results were similar to the results obtained using

the observed data. We used the multivariate imputation by

chained equations method, which considers full}}u;.-;«@#/\
ditional specifications, for multiple imputation.” This AN~
method is based on an iterative Markov Chain Monte
Carlo method. At each iteration, a variable is chosen from
the variable list in the order provided and a regression
model is fitted using all the other variables in the list as
predictors. The missing values in the dependent variable
are then imputed. The method continues until the
maximum number of iterations is reached. The results
were similar to the ones obtained with the available data.
In this paper we only present the results using the original
data. We used SAS version 9.4 for the analyses.

The data and safety monitoring board reviewed study
data at 10%, 25%, and 50% of planned enrolment, and
did an interim analysis at 50% enrolment (early stopping Gr\\mé‘—
boundary; p<0-003). A local safety monitoring team,
consisting of three Ghanaian paediatricians, conducted
15 site visits over the study period to ensure study
compliance. The study is registered with ClinicalTrials.
gov, number NCT01839474.

'\V\}_UW\S

CPAP (n=1025) Control (n=1175)

Sex

Female 455 (44%) 515 (44%)

Male 570 (56%) 660 (56%)
Age (months) 167 (8-8-27-9) 18:3(10-1-30-2)
Weight (kg) 9.6 (7-4-11) 9:6 (7-5-12)
Respiratory rate (breaths 56 (50-62) 55 (48-62)
per min)
Oxygen saturation

98% (96-99)
74 (7%)

Oxygen saturation (%)* 98% (97-100)

Patients with oxygen 69 (6%)

saturation <92%
Heart rate (beats per min) 153 (140-169)
37-6 (36-8-38-5)

101 (95-110)

152 (138-166)
37:6 (36:8-38-4)
102 (96-115)

Temperature (°C)

Systolic blood pressure

(mm Hg)
Median haemoglobin (g/dL)t 8:5(6-4-9-9) 8.0 (6-1-9-6)
Malaria positive by rapid 689/1015 (68%) 856/1148 (75%)

antigen detection¥

Data are n (%) or median (IQR). All continuous variables were found to be
non-normally distributed when performing the Kolmogorov-Smirnov test, with
p values approximately 0-0001. The medians and IQRs are reported for
continuous variables and the relative frequency shown for the categorical
variables. CPAP=continuous positive airway pressure. *One patient in the control
group did not have an oxygen saturation recorded. 512 patients did not have a
haemoglobin test performed (n=179 for CPAP; n=333 for control).

18 participants had invalid or no malaria rapid diagnostic test results (n=6 for
CPAP; n=12 for control)

Table 1: Baseline characteristics of the intention-to-treat population
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Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Between Jan 20,2014 and Dec 5, 2015, 2486 children were
screened. 246 were found to be ineligible, and 40 did not
have parental approval to participate. 2200 participants
were enrolled, 1025 in the CPAP group, and 1175 in the
control group. The parents of three patients withdrew
consent and one patient was lost to follow-up in the
CPAP group. In the control group, two patients withdrew
consent, nine were lost to follow-up, one case report

Dead (n=70) Alive (n=2111) p value
Study group
Control 44/1160 (4%) 1116/1160 (96%)  0-11
CPAP 26/1021 (3%) 995/1021 (97%)
Study site
Mampong 31/1022 (3%) 991/1022 (97%) 072
Kintampo 39/1159 (3%) 1120/1159 (97%)
Median month of 105 (5-19) 15 (9-19) 0-003
study enrolment*
Sex
Female 33/965 (3%) 932/965(97%) 063
Male 37/1216 (3%) 1179/1216 (97%)
Age (months) 12.5 (4-4-29-6) 17-7 (9-6-28-9) 0-015
Weight (kg) 7-8 (5-10) 9.8(7:5-11:5)  <0-0001
Respiratory rate 62 (54-70) 56 (49-62) <0-0001
(breaths per min)
Oxygen saturation 96 (90-98) 98 (97-99) <0-0001
(%)t
Heart rate (beats per 163 (138-175) 152 (138-167) 0-019
min)
Temperature (°C) 37:5(36-7-384) 376 (36:8-38-4) 071

Systolic blood 102 (95-112) 0-498

pressure (mm Hg)

102 (93-113)

Haemoglobin (g/dL)+ 82 (5-6-10-3) 83(6:2-9-8) 0-97
Malaria rapid diagnostic test§
Positive 42/1546 (3%) 1504/1546 (97%)  0-047
Negative 27/617 (4%) 590/617 (96%)

Data are n (%) or median (IQR). We used the Mann-Whitney U test for all
continuous variables since they were all not normally distributed based on
Kolmogorov Smirnov test. y* test was used for categorical variables. The medians
and IQRs are shown for continuous variables and the absolute and relative
frequencies are given for categorical variables. CPAP=continuous positive airway
pressure.*The “month of study enrolment” variable orders the 1 year study period
into 24 months; for patients enrolled in the first month of the study the value of
the variable equals 1, for those enrolled in the 10th month the value of the
variable equals 10. tOne patient (alive) did not have an oxygen saturation
recorded. 512 patients did not have a haemoglobin test (n=12 dead;

n=500 alive). §18 patients had invalid or no malaria rapid diagnostic test

results (n=1 dead; n=17 alive).

Table 2: Univariate analysis showing the distribution of study outcome
by baseline characteristics
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0Odds ratio (95% Cl)
1 month 0-37 (0-16-0-87)
2 months 0-38 (0-17-0-86)
3 months 0-39 (0-18-0-86)
6 months 0-43 (0-21-0-86)
12 months 0-50 (0-28-0-89)
18 months 0-59 (0-35-1-00)
24 months 070 (0-40-1-24)
36 months 0-97 (0-41-2.33)
48 months 1-36 (0-38-4-88)

Table 3: Participant age (months) and adjusted odds ratios for all-cause
mortality

Exp(Est)* p value
Study group (CPAP vs control) 0-36 0-023
Study site 034 0-016
(Kintampo vs Mampong)
Month of study enrolment 0-72 0-0003
Month of study enrolment squared 101 0-0012
Respiratory rate (breaths per min) 104 <0-0001
Oxygen saturation (%) 093 <0-0001
Age (months) 0-96 0-065
Agexstudy armt 1.03 0-17
Age x study sitet 1.05 0-0295

We fitted a logistic multivariate regression model. CPAP=continuous positive airway
pressure. *Exp(Est)=exponentiated parameter estimate. fInteraction effects.

Table 4: Multivariate model for all-cause mortality

form was lost, and three children were less than 1 month
of age. 2181 participants were included in the final
analysis (1021 in the CPAP group and 1160 in the control
group; figure 1).

Compared with children in the control group, children
in the CPAP group were younger and had similar

xespiratary rates and haemaglohin levels. Children in the
CPAP group also had a lower prevalence of positive

malaria rapid antigen detection (table 1).

All patients enrolled at a CPAP site received the
intervention, and none in the control group were
managed with CPAP. The median duration of CPAP use
was 12 h (range 0-08-98, IQR 7-2-19-8). CPAP was
discontinued for the following reasons: improved
respiratory status (n=953 [93%] of 1021 patients), not
tolerating the device (n=47 [5%] of 1021 patients), death
(n=16 [1-6%] of 1021 patients), nasal skin injury
(n=3 [0-3%] of 1021 patients), transferred to another
facility (n=1[0-1%)] of 1021 patients), and loss of electricity
with no generator use for unknown reasons (n=1[0-1%]
of 1021 patients).

The analysis of the primary endpoint did not show a
significant difference between study groups (table 2). Of
the 2181 patients, 1958 (90%) were alive at 2 weeks at the
hospital or home visit, and 153 (7%) were reported alive
Dby a relative or community member. A total of 70 deaths
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Figure 2: Mean respiratory rates over time by study group

Mean respiratory rates are in breaths per min. All SEM values are less than 0-4. (A) All children. All p values are p<0-0001.
(B) Children younger than 1 year old. All p values are p<0-0001. (C) Children aged 1 year and older. All p values are
P<0-0001. CPAP=continuous positive airway pressure.

were observed (44 [4%] of 1160 patients in the control
group and 26 [3%] of 1021 patients in the CPAP group;
RR of mortality 0-67, 95% CI 0-42-1-08; p=0.11). The
most common reported causes of death were (21
deaths in the control group, ten deaths in the CPAP
group), pneumonia (19 deaths in the control group,
12 deaths in the CPAP group), sepsis (18 deaths in the
control group, seven deaths in the CPAP group), and
anaemia (15 deaths in the control group, six deaths in the
CPAP group), with most patients having multiple
diagnoses. 66 deaths occurred in the hospital and four
occurred after discharge from the emergency ward.
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CPAP Control p value*
(n=1021)  (n=1160)
CPAP-related adverse events 28 (3%) 24 (2%) 030

Vomiting 20 (2%) 21 (2%)

Nasal trauma 5 (1%) 1(<1%)

Skin trauma 3(0-3%) 1(<1%)

Aspiration 0 (0%) 1 (<1%)

Eye trauma 0(0%) 0 (0%)

Other reported adverse eventst 70 (7%) 85 (7%) 07

Fever 21 (2%) 45 (4%)

Cough 21 (2%) 29 (3%)

Diarrhoea or gastrointestinal 21 (2%) 14 (1%)

complaints

Rash 3 (<1%) 8 (1%)

Skin or mucous membrane 1(<1%) 7 (1%)

complaints

Respiratory distress or dyspnoea 1(<1%) 4 (<1%)

Rhinitis 3 (<1%) 1(<1%)

Swelling (ear, neck, hand, foot) 2 (<1%) 2 (<1%)

Seizure 3 (<1%) 0 (0%)

Anaemia or malaria 1 (<1%) 2 (<1%)

Othert 2 (<1%) 3 (<1%)
Data are n (%). Vomiting, aspiration, nasal, and skin or eye trauma were recorded
as present or absent on the case report form, and other adverse events were
written in. CPAP=continuous positive airway pressure. *Based on a x’ test that
included all 2181 participants. 179 events in 70 participants in the CPAP group,
and 115 events in 85 participants in the control group. $CPAP group: child cannot
stand on left leg or child has high blood pressure; control group: excessive crying,
tongue felt hot, and child was weak; child not able to talk after disease; or child
could not open her eye when she woke up.
Table 5: Reported adverse events by study group

In the additional analysis by age group, more children
younger than 1year had died in the control group (24 [7%)]
of 359 patients) than in the CPAP group (ten [3%)] of
374 patients; RR 0-40, 95% CI 0-19-0-82; p=0-010). In
children aged between 1 and 5 years, there was no
significant difference in mortality (RR 0-992, 0-51-1-93;
p=0-977). After adjusting for study site, study month,
age, respiratory rate, oxygen saturation, and interactions
of age on study site and study arm, the odds ratio (OR)
for 2-week mortality in the CPAP group over control
group was 0-4 in children aged up to 6 months, 0-5 for
children 12 months of age. 0-7 for children 24 months of
age, and 1-0 for children 36 months of age (table 3,
table 4). Subgroup analyses by malaria status, and oxygen
saturation less than 90% or 92%, showed no significant
difference in mortality at 2 weeks between the CPAP and
control groups.

In children at all ages, respiratory rate was significantly
lower in the CPAP group at 4 h, 8 h, 12 h, and 24 h
(p<0-001 at each timepoint; figure 2). All patients were
monitored for vomiting, aspiration, and nasal, skin and
eye trauma. In the CPAP group, 28 (3%) of 1021 patients
had one or more of these events reported during the
study period, compared with 24 (2%) of 1160 patients in
the control group (p=0-30; table 5). Nasal trauma was
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more common in the CPAP group (n=5) than in the
control group (n=1), without significance. No incidents of
known or suspected pneumothorax or other serious
adverse events related to CPAP were reported.

We found that mortality was associated with younger
age, lower bodyweight, higher respiratory rate and lower
oxygen saturation. Survival was positively associated with
study month: the later in the study a patient was enrolled,
the more likely he or she was to survive.

Discussion

There was no difference in all-cause mortality at 2 weeks.
Nurse-initiated CPAP decreased respiratory rate in
children younger than 5 years and was associated with a
decrease in mortality in children less than 1 year old who
presented to non-tertiary hospitals in a lower-middle-
income country with undifferentiated respiratory
distress. No serious adverse events attributed to CPAP
were noted.

Results from previous studies® have shown the
effectiveness of CPAP in selected populations of children
with well characterised primary pulmonary diseases who
are managed at teaching hospitals in low-income and
middle-income countries. By contrast, our study took
place at non-tertiary hospitals where invasive mechanical
ventilation is not routinely available, and diagnostic
evaluations are limited in availability. Scarce access to
reliable diagnostic testing is documented throughout
sub-Saharan Africa,** highlighting the importance of
identifying interventions that are effective in un-
differentiated populations. Our findings suggest that
the use of CPAP in young children with respiratory
insufficiency is appropriate in other parts of the
developing world, where diagnostic capabilities are
similarly limited.

Potential mechanisms for improved outcomes in
children with primary pulmonary diseases such as
pneumonia and pulmonary oedema who receive CPAP
include recruitment of atelectatic alveoli, increased
functional residual capacity,”improved lung compliance,
decreased shunting and redistribution of lung water
away from gas exchange membranes. Furthermore,
CPAP might decrease afterload, improve cardiac output,”®
and unload the work of the diaphragm, contributing to
improved outcomes in children with sepsis, severe
malaria, and metabolic acidosis. The effectiveness of
CPAP does not seem to be solely related to improved
oxygen saturation. Only 6-5% of our study patients had
oxygen saturations less than 92% at presentation, and
the CPAP group did not have higher oxygen saturation
than the control group at any time point. Further research
is required to definitively determine if CPAP is associated
with improved survival in children with specific non-
primary pulmonary processes such as severe malaria,
sepsis, or metabolic acidosis to ensure appropriate
prioritisation of the technology in resource-limited
settings.
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Our study is unique in that CPAP was initiated and
managed by emergency ward nurses who work much of
the day without direct supervision by a physician. The
WHO recommends redistributing health-care tasks to
less highly trained individuals, when possible, to make
more efficient use of limited human resources,” as well
as shifting the management of chest indrawing
pneumonia to the community level.” With a nurse to
doctor ratio of 8:1 in many African nations,” successful
training of nurses to effectively and safely apply CPAP
will be crucial for its proliferation in non-tertiary hospitals.
Our study included twice-yearly CPAP refresher training
for nurses caring for study patients. Further work is
needed to determine how best to scale up and maintain
training of non-physician providers in the use of CPAP.

We found that mortality was associated with younger
age, lower bodyweight, higher respiratory rate and lower
oxygen saturation, which is consistent with other
published data.®**** Survival was positively associated
with study month: the later in the study a patient was
enrolled, the more likely he or she was to survive. We
speculate that this improved survival over time was
related to incremental improvements in clinical care as
the study progressed. This improvement could be related
to periodic training sessions, increasing comfort with
patient monitoring, or variation of disease severity
between study years.

CPARP significantly lowered respiratory rate throughout
the 24-h monitoring period in all age groups, showing a
prolonged physiological benefit. Despite this fact, a
decrease in mortality was only seen among children
younger than 1 year old. Younger patients might have
different disease processes, a possibility that was not
explored fully in this study due to limits in diagnostic
evaluations. Further, the nasal prongs may have provided
a better seal in younger patients. Differences in end
expiratory lung volume, functional residual capacity, dead
space and upper airway collapsibility may make younger
patients more amenable to the benefits of CPAP
compared to older patients.

This trial has several limitations. A pure, randomised
control study design was not used, with allocation by site
rather than by patient, and analyses were applied at the
patient level. More patients in the CPAP group were
enrolled from Kintampo than Mampong. The chosen
study design was selected for simplicity and to maximise
compliance with allocation, but it is susceptible to
concealment and enrolment bias. Precise diagnoses of
study participants are not known, secondary to limited
capacity of the hospital laboratories. However, the study is
generalisable in low-income and middle-income
countries where diagnostics are very often scarce.** In
powering the study, we estimated a baseline mortality
of 7%, but the control group had a mortality of only 3-8%.
Our incorrect assumption of the baseline mortality might
have lead to the study being underpowered. Our
respiratory rate definitions for fast breathing were similar
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but not identical to WHO guidelines, which include three
different cut-offs for defining fast breathing in children
younger than 5 years;** for simplicity, we chose to use
two cut-offs. 27 children younger than 2 months old in
our cohort met study inclusion criteria, but they would
not meet WHO criteria for fast breathing. Additionally,
our comparator group was not WHO standard low flow
oxygen.” Another limitation is that the malaria rapid
diagnostic test detects malaria proteins, which can be
present in the blood weeks after acute infection and
might not reflect active disease in a malaria endemic
region.”? Additionally, we followed up patients to
2 weeks only, so there is a possibility that deaths occurred
after this period.

The study showed a significant effect in the adjusted
but not the unadjusted analysis for all patients. This
might be due to the fact that patients in the CPAP group
were younger, and young age was significantly correlated
with an increase in mortality. The finding that CPAP was
shown to be beneficial in a stratified analysis adjusting for
age supports this possibility. The presence of younger
children with lower prevalence of malaria in the CPAP
group was probably due to chance; theories for this
include protective maternal antibodies, low levels of para-
aminobenzoic acid in breastfed infants, less exposed skin
surface area, and increased subcutaneous fat in young
infants.

In conclusion, CPAP was associated with improved
respiratory rate and decreased mortality in children with
undifferentiated respiratory distress, with the association
driven by the benefit in children younger than 1 year.
There were no serious adverse events. For every
25 children under the age of 1 year treated with CPAP,
one life will be saved and most will have improvements in
their respiratory status. Cost-effectiveness is an important
consideration in resource-poor regions of the world and
has to be considered before any intervention is scaled
globally.

Contributors

PTW wrote the first draft of the manuscript with input from MCM.

PTW contributed to study design, provided implementation support,
conducted data analysis, provided data interpretation, and contributed to
the drafting, review, and editing of this manuscript. FB contributed to
study design, provided implementation support, conducted data analysis
and contributed to the drafting, review, and editing of this manuscript.
RTM and HT contributed to study design and provided implementation
support and data interpretation, in addition to contributing to the
drafting, review, and editing of this manuscript. MCM contributed to
study design, data analysis, provided data interpretation, and contributed
to the drafting, review, and editing of this manuscript. GA, KN-J, DP,
and ]S supported data acquisition and study implementation, as well as
contributed to the drafting, review, and editing of this manuscript. JCB
and KG facilitated data acquisition, conducted data analysis and provided
data interpretation, and contributed to the drafting, review, and editing
of this manuscript. SL-P conducted data analysis and data interpretation,
as well as contributed to the drafting of the manuscript. AA-A supported

data acquisition and study implementation, as well as contributed to the
drafting, review and editing of this manuscript.

Declaration of interests
The study was funded by a grant from the General Electric Foundation
that included salary support.

Acknowledgments

Funded by the General Electric Foundation, with a grant to the Columbia
University sidHARTe Program (Grant PT-AABK1277). We would like to
thank the Mampong District Hospital and Kintampo Municipal Hospital
study team members for their tireless efforts and unwavering
commitment to improving health outcomes for the children of Ghana,
as well as their commitment to implementing this trial. We acknowledge
the hard work and contribution of the data management and study
outreach teams. We appreciate the valuable feedback and guidance that
we received from our data safety and monitoring board members, as
well as the Columbia University Division of Pediatric Critical Care
Medicine. Most importantly, we thank the patients and families who
participated in this trial.

References

1 LiuL, Oza S, Hogan D, et al. Global, regional, and national
causes of child mortality in 2000-13, with projections to inform
post-2015 priorities: an updated systematic analysis. Lancet 2015;
385: 430—40.

2 Bryce ], Boschi-Pinto C, Shibuya K, Black RE. WHO estimates of
the causes of death in children. Lancet 2005; 365: 1147-52.

3 Petti CA, Polage CR, Quinn TC, Ronald AR, Sande MA.

Laboratory medicine in Africa: a barrier to effective health care.
Clin Infect Dis 2006; 42: 377-82.

4 Benatar SR. Health care reform and the crisis of HIV and AIDS in
South Africa. N Engl | Med 2004; 351: 81-92.

5 Rezzonico R, Caccamo LM, Manfredini V, et al. Impact of the
systematic introduction of low-cost bubble nasal CPAP in a NICU
of a developing country: a prospective pre- and post-intervention
study. BMC Pediatr 2015; 15: 26.

6  Mazmanyan P, Mellor K, Dore CJ, Modi N. A randomised
controlled trial of flow driver and bubble continuous positive airway
pressure in preterm infants in a resource-limited setting.

Arch Dis Child Fetal Neonatal Ed 2016; 101: F16-20.

7  Kawaza K, Machen HE, Brown J, et al. Efficacy of a low-cost bubble
CPAP system in treatment of respiratory distress in a neonatal ward
in Malawi. PLoS One 2014; 9: 86327,

8  Chisti MJ, Salam MA, Smith JH, et al. Bubble continuous positive
airway pressure for children with severe pneumonia and
hypoxaemia in Bangladesh: an open, randomised controlled trial.
Lancet 2015; 386: 1057-65.

9  Machen HE, Mwanza ZV, Brown JK, et al. Outcomes of patients
with respiratory distress treated with bubble CPAP on a pediatric
ward in Malawi. | Trop Pediatr 2015; 61: 421-27.

10 Wilson PT, Morris MC, Biagas KV, Otupiri E, Moresky RT.

A randomized clinical trial evaluating nasal continuous positive
airway pressure for acute respiratory distress in a developing
country. | Pediatr 2013; 162: 988-92.

11  Devilbiss IntelliPAP Standard CPAP System with SmartCode
Technology. 2016. http://www.healthproductsforyou.
com/p-devilbiss-intellipap-standard-cpap-system-with-smartcode.
html?gclid=CjwKEAIiAlITCBRDO-0LA-q_
n8xYSJADjBQfGe08QjLe7d-_-I-vLLy6aDXHKNeGeQd0I6fmBKnhq
nBoCZwvw_wcB (accessed Dec 2, 2016).

12 Hudson RCI Infant Nasal Prong CPAP Cannula System 2016.
http://www.medexsupply.com/respiratory-oxygen-therapy-nasal-
cannulas-hudson-rci-infant-nasal-prong-cpap-cannula-system-
weight-1-2-years-size-5-10-cs-x_pid-63371.html?pid=63371&gclid=Cj
wKEAiA1ITCBRDO-0LA-q_n8xYSJADjBQfG56il-8KUre6436Qns]n
wxDXOkyW2tzm60AvLNO2rQBoCQUHwW_wcB (accessed
Dec 2,2016).

13 Bassiouny MR, Gupta A, el Bualy M. Nasal continuous positive
airway pressure in the treatment of respiratory distress syndrome:
an experience from a developing country. | Trop Pediatr 1994;

40: 341-44.

14 Koyamaibole L, Kado ], Qovu JD, Colquhoun S, Duke T.

An evaluation of bubble-CPAP in a neonatal unit in a developing
country: effective respiratory support that can be applied by nurses.
J Trop Pediatr 2006; 52: 249-53.

15 van den Heuvel M, Blencowe H, Mittermayer K, et al. Introduction
of bubble CPAP in a teaching hospital in Malawi. Ann Trop Paediatr
2011; 31: 59-65.

16 WHO. Acute respiratory infections in children: case management
in developing countries. Geneva: World Health Organization, 1990.

www.thelancet.com/lancetgh Vol 5 June 2017



Articles

17

18

19

20

21

22

23

Layon ], Banner MJ, Jaeger M], Peterson CV, Gallagher TJ,

Modell JH. Continuous positive airway pressure and expiratory
positive airway pressure increase functional residual capacity
equivalently. Chest 1986; 89: 517-21.

Kallio T, Kuisma M, Alaspaa A, Rosenberg PH. The use of
prehospital continuous positive airway pressure treatment in
presumed acute severe pulmonary edema. Prehosp Emerg Care 2003;
7:209-13.

WHO. Task shifting: global recommendations and guidelines.
Geneva: World Health Organization, 2008. http:/ /www.who.int/
healthsystems/TTR-TaskShifting.pdf (accessed March 31, 2017).

de Sousa A, Tiedje KE, Recht ], Bjelic I, Hamer DH.

Community case management of childhood illnesses: policy and
implementation in Countdown to 2015 countries.

Bull World Health Organ 2012; 90: 183-90.

WHO. The World Health Report 2006 - working together for health.
Geneva: World Health Organization, 2006.

Wilson PT, Brooks JC, Otupiri E, Moresky RT, Morris MC.
Aftermath of a clinical trial: evaluating the sustainability of a
medical device intervention in Ghana. J Trop Pediatr 2014;

60: 33-39.

Gupta S, Sinha SK, Tin W, Donn SM. A randomized controlled trial
of post-extubation bubble continuous positive airway pressure
versus Infant Flow Driver continuous positive airway pressure in
preterm infants with respiratory distress syndrome. | Pediatr 2009;
154: 645-50.

www.thelancet.com/lancetgh Vol 5 June 2017

24

25

26

27

28

29

Gove S. Integrated management of childhood illness by outpatient
health workers: technical basis and overview. The WHO Working

Group on Guidelines for Integrated Management of the Sick Child.

Bull World Health Organ 1997; 75 (suppl 1): 7-24.

WHO. WHO recommendations on postnatal care of the mother
and newborn. Geneva: World Health Organization, 2013.

WHO. Oxygen therapy for children: a manual for health workers.
World Health Organization. Geneva: World Health Organization,
2016.

Abba K, Deeks JJ, Olliaro P, et al. Rapid diagnostic tests for
diagnosing uncomplicated P. falciparum malaria in endemic
countries. Cochrane Database Syst Rev 2011; 7: CD008122.

Ochola LB, Vounatsou P, Smith T, Mabaso ML, Newton CR.

The reliability of diagnostic techniques in the diagnosis and
management of malaria in the absence of a gold standard.

Lancet Infect Dis 2006; 6: 582-88.

Wilson ML. Malaria rapid diagnostic tests. Clin Infect Dis 2012;
54:1637-41.

€623



