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Abstract. Pneumonia is one of the leading causes of death in children under 5 years worldwide. In resource-limited
settings, WHO recommendations state that pneumonia can be presumptively diagnosed through the presence of cough
and/or difficult breathing and a respiratory rate (RR) that is higher than age-specific cutoffs. As a new diagnostic aid the
children’s automated respiration monitor (ChARM) can automatically measure and classify RR in children under 5 years,
but the effect of its chest attachment on the RR has not been studied. The aim of this study was to understand if
misclassification of the true RR occurred by ChARMattachment. Two hundred eighty-seven children at a health center in
South Ethiopia were screened for eligibility, with 188 children aged 2–59 months enrolled in the study. The RR was
measuredmanually before and1, 3, and5minutes afterChARMattachment. Theproportion of childrenwith fast or normal
RR classification at baseline and the change between RR classifications over time were analyzed. Eight (4.9%; 95% CI
2.1, 9.4) of 163 children changedRRclassification fromnormal to fast between the baselineRRcount and the 1minuteRR
count. Results from this study suggest that ChARM has a minor influence on the RR of children immediately after
attachment, in most cases without clinical importance.

INTRODUCTION

Pneumonia is the leading cause of death after the neonatal
period among children under 5 years of age globally,
amounting to an estimated 880,000 deaths each year.1 Two-
thirdsof all pneumonia-causeddeaths in childrenare centered
in only 15 countries in sub-Saharan Africa and Asia.2 In
Ethiopia, pneumonia is the top cause of under-five mortality,
being responsible for almost 18% of all deaths and approxi-
mately 3.9 million new pneumonia cases per year.3,4 Mortality
from pneumonia in children mainly follows from inadequate
prevention from risk factors such as malnutrition, delayed
presentation of symptoms, inappropriate care and treatment
or a presumption that the symptoms are caused by other ill-
nesses, such as malaria, in endemic areas.5,6

As per WHO Integrated Management of Neonatal and Child
Illness (IMNCI) and Integrated Community Case Management
recommendationsand tools, thediagnosisofpneumonia in low-
resource settings is based on assessing if the respiratory rate
(RR), the number of respiratory cycles in 60 seconds, is higher
than the normal parameters for a child of that age with cough
and/or difficult breathing. A child aged 0 to < 2 months, 2 to
< 12months, and 12 to 59months has fast breathing if the RR is
over 60, 50, and 40 breaths per minute or more, respectively.7–9

Currently, the standard practice for first-level health workers
and community health workers is to count RR by observing
chest movements during 60 seconds, typically using an acute
respiratory infection timer, which is a simple small device that
beeps after 60 seconds from being started. However, this ap-
proach can be difficult and highly subjective for all levels of
providers, as children breathe irregularly and faster than adults,
the child may not be calm and still for a full minute, and it is
difficult to define what is and is not a breath.10 Although
smartphone applications based on the observed RR have been
introduced with some promise of improved accuracy and

efficiency,11 misclassification of the RR using this standard
approach is still common, subsequently leading tomisdiagnosis
of children with pneumonia and inappropriate treatment.6,12,13

Several new RR diagnostic support aids are under develop-
ment from the private and public sector, but no ultimate aid has
so far been found that can enhance the accuracy and effective-
ness of diagnosing pneumonia in low-resource settings.10,14,15

Within the Acute Respiratory Infection Diagnostic Aid project,
United Nations Children’s Fund (UNICEF) aimed to contribute to
the development of automated RR counting aids that health
workers in low-resource settings, both in the community and at
health facilities, could use.10,16,17 Although challenges regarding
the accuracy and usability of such devices clearly exist, they
might provide a level of objectivity toRRmeasurements. The first
counting aid to be considered within the project was the child-
ren’s automated respiration monitor (ChARM), which comprises
an accelerometer-based RR counter with a belt to attach the
device to the child.
The device dimensions are 65 × 65 × 28mm (without belt), it

weighs 95 g (including belt), and it has a battery life of 2,000
measurements over 2 years of usage. After the child has been
properly positioned and is calm, the device is attached to the
belly of the child and the age group to which the child belongs
to is selected, and the device counts the RR and automatically
classifies the RR as normal or fast according to the WHO
recommended thresholds. The ChARM has been approved
for all the necessary regulatory safety compliances for a
medical device (CEclass IIa, IEC60601-1Ed3.1, IEC60601-1-
2 Ed 3, and IEC 60601-1-11 Ed1).18

Developed in 2015, the ChARM had only been subject to
one presented evaluation to date. Providing a first preliminary
study of the accuracy of the ChARM, Shah et al.19 found that
there were no statistically significant difference between the
ChARM and themeanmanual RR count of one IMNCI-trained
health worker and two IMNCI-trained physicians in Kenya,
suggesting thatChARMcould serve as an effective diagnostic
aid for identifying children with fast breathing. More perfor-
mance data are forthcoming; however, the results seem to be
comparable with that of other counting aids such as mobile
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applications11 and timers10 as well as the performance of
community health workers counting RR when diagnosing
pneumonia in low-income settings12,20,21 andwithin the range
of ± 2 breaths per minute from the actual RR.19

While ChARM has not been subject to rigorous external
evaluation, it is accurate and consistent in its readings
according to the early results described previously and by the
manufacturer.22 Yet, the RR of a child can be influenced by a
number of physiological and contextual factors, and studies
have shown that contextual factors such as noise or other
disturbances, for example, the touch of a stethoscope ele-
vates the RR.13,23,24 There is a clear lack of evidence to what
extent the touch or attachment of devices such as ChARM
themselves lead to an elevatedRR. Even though theChARM is
noninvasive, the attachment itself could disturb the child,
subsequently leading to a rise in RR and potential un-
intentional misclassification of the RR by the device. Because
this is critical for the performance and clinical applicability of
ChARM it merits further investigation.
Hypothesizing that the ChARM attachment could cause a

misclassification of the RR, the aim of this study was to un-
derstand if the attachment of theChARMhadan impact on the
classifications of fast or normal breathing in children aged
between 2 and 59 months in a controlled setting.

MATERIALS AND METHODS

Study design, setting, and population. This was a de-
scriptive study conducted in a health center setting in the
Southern Nations, Nationalities, and Peoples’ Region (SNNPR)
in Ethiopia. After assessing health centers in the region based
on logistical feasibilityandasuitablenumberofeligiblechildren,
the Millionium Health Centre in Hawassa was purposively
chosen.
All children aged 0–5 years seeking routine care from the

MillioniumHealthCentrewerepotential participants in thestudy.
Hence, all children presenting at the health facility during
weekdays from the March 6, 2018 to March 23, 2018 were
systematically screened for eligibility. Young infants (0 to < 2
months) were excluded from the evaluation because of the an-
ticipated difficulty in measuring RR in that age group for an ex-
tended period of time. Children who were 2–59 months of age
accompaniedbyaparentorguardianwhowas18yearsorolder,
not too agitated to be assessed by a research nurse, did not
present any IMNCIgeneral dangersigns (activeconvulsions/fits,
unconscious/lethargic, and not breastfeeding/not drinking or
vomiting everything), IMNCI pink referral signs for severe dis-
ease (stridor, severe dehydration, severe persistent diarrhea,
very severe febrile disease, severe complicated measles, mas-
toiditis, complicated severe malnutrition, and severe anemia),
chest indrawing,ordevicemanufacturer safetyexclusioncriteria
(wearing supportive device at the area of chest/belly or skin not
intact in chest/belly) were eligible to participate in the study.
Written informed consent was obtained from the parent or
guardian before enrolment in the study.
Outcomes. The primary outcome was the proportion of

children aged 2–59months whose RR classification of normal
or fast breathing changed, as per WHO recommendations,
when measured without and with the ChARM attached.
Secondary outcomes were the proportion of unsuccessful

attempts in obtaining amanual RR and an automated ChARM
RR count, respectively, as well as the reasons for these being

unsuccessful. The failed attempts were categorized based on
whether the attemptwasmadewith themanual device (expert
counter lost count, child became agitated, the RR reading
could not be obtained during examination period, or other) or
with ChARM (device fault, child became agitated, the ChARM
reading could not be obtained during examination period, or
other). The time it took from start to finish for a health facility
worker to attain a ChARM reading, from when the device was
strapped to the child until a reading could be obtained, was
also documented.
Procedures. A standard process for data collection was

developed together with the personnel at the health center in
accordance with the patient flow plans, ensuring that the
normal clinical management of the child was not compro-
misedwith andadhered to thecountry andhealth facility triage
and clinical management algorithms, including IMNCI.
Theeligibilityofpotentialparticipantswasascertained through

ascreeningprocess. Thescreening resultsweredocumentedon
a paper-based standardized screening checklist and later en-
tered into a digital form on tablets. First, the child had their
medical history taken and physical examination performed by a
research nurse to verify that the child did not have any of the
exclusion criteria. If the child could not be assessed for general
danger signs and IMNCI pink referral signs for severe disease or
chest indrawing due to the child being agitated for a prolonged
period of time (3–5 minutes), the screening process ended and
the child was not included. If the child presented none of the
exclusion criteria, the research nurse continued the screening
procedure to first confirm that the age of child’s parent or
guardian was 18 years and greater, that the age of the child was
not less than 2 or greater than 59 months, and at last con-
ducted aquick assessment of the child to ensure the child did
not have any device manufacturer safety exclusion criteria.
The research nurse and the expert counter were selected
based on academic qualifications, essential registration to
work in a health facility in Ethiopia and professional experi-
ence in the care of children and IMNCI.
If the child passed the screening process, the parent or

guardian of the child was invited to undergo the informed
consent process. In this process, a paper-based information
and consent form was given to the parent or guardian or ver-
bally presented by the research nurse. At the end of the con-
sent process, the parent or guardian and the research nurse
signed or printed their thumbprint on two copies of the con-
sent document. A copywas retained by the research teamand
one was given to the parent or guardian who also kept the
information form.
If informed consent was obtained, an expert counter (a nurse

trained in counting the RR) validated the screening checklist to
make sure that the child was eligible. If the validation confirmed
eligibility and informed consent was obtained, the subject was
enrolled in thestudyand theRRclassificationevaluationbegan.
The assessment was time bound (Figure 1) and no repeat

RR readings were taken. If a reading could not be obtained
within the assessment period, it was recorded as an un-
successful attempt and the assessment continued if possible.
After confirming the enrolment of the child, the child was po-
sitioned comfortably on the parent or guardian’s lap or on the
examination couch (with child’s chest andbelly fully exposed).
The expert counter conducted a manual baseline RR count,
and a research officer recorded the baseline RR count and RR
classification on a digital data collection form. Directly after

2 HELLDÉN AND OTHERS



obtaining a manual baseline RR count, the expert counter
attached the ChARM according to the device instructions.
After the attachment, the expert counter conducted a
1-minutemanualRRcount and the researchofficer conducted
a 1-minuteChARMRRcount. Thiswas repeated for the 3- and
5-minute counts, respectively. If obtained, the research officer
recorded the RR count and classification on the digital data
collection form. The research officer also recorded the un-
successful attempts to obtain an RR count with the reason for
it. To estimate how long a ChARMRR count takes in practice,
the research officer started a stopwatch when the expert
counter took the ChARM from the nearby table and stopped
the clockwhen the first RR readingwasobtained. Thiswas not
repeated for subsequent measurements.
Rigorousquality assurancemeasurementswere undertaken.

All data collection forms were entered into the data collection
software CommCare (version 2.38.1, Dimagi, Cambridge, MA)
for each enrolled participant, linked by use of a unique identi-
fication code and stored on password-protected tablets and
uploaded to a CommCare server immediately after entry (pro-
viding mobile network access) or on a daily basis when the
research team returned to base. A standard operating proce-
dures document with roles and responsibilities of all research
teammemberswasdevelopedbefore thestart of thestudy.The
research nurse and expert counter participated in a 1-day
training on counting RR in children and using the ChARM cor-
rectly and were examined on counting the RR on training vid-
eos, where they provided results that showed they were
standardized to±2breaths perminute from the actual RR in the
videos. Furthermore, a 1-daypretest of thedatacollection tools
and processes was conducted at the health center. All data
collected were subject to validation by a data manager to en-
sure accurate, valid, and complete data in the correct format
(text, number, and predefined options). In addition, 10% of all
the data were entered twice by the data manager to make sure
that the data were accurate. At the end of each day of the data
collection period, the research officer checked all data collec-
tion forms and followed up any incomplete or inaccurate data
submissions.
Statistical analysis.The studywaspowered for theprimary

outcome, that is, to measure the proportion of children aged
2–59 months whose RR classification changed, as per WHO
recommendations, when measured with the ChARM at-
tached, using the sample size formula for a proportion (or
prevalence) survey with a specified level of confidence and

precision; n = (1.96)2(p [1−p]/e2), where p is the expected
population proportion and e is the desired precision (half de-
sired CI width). Because of the very limited knowledge of the
expected true proportion of classifications that change from
normal to fast or vice versa after ChARM attachment, the
expected true proportion was estimated to be 75%, drawing
on past experiences of the research team. The desired pre-
cision was set at 7.5%, allowing for a more feasible sample
size and confidence level to 95%. This resulted in a necessary
sample sizeof 129subjectswith the95%CI limits 67.5–82.5%
(these limits equal prevalence ± precision). The number was
inflated to 154 to account for potential losses to follow-up.
The primary outcome was analyzed through classifying the

RRbefore (atbaseline) andafter theChARMattachment (at 1, 3,
and 5 minutes) based on the manual RR count as described
earlier. This was to ensure that the only variable parameter was
the attachment of the ChARM. A CI for the proportions of the
number of children classified as having a normal and fast RR,
respectively, betweeneach timepointwasconstructed through
the Clopper–Pearson method.25 All quantitative data were an-
alyzed in R 3.4 statistical software (R Foundation for Statistical
Computing, Vienna, Austria).26

Ethical considerations. The ChARM being used in this
evaluation has European conformity medical device approval.
The device has already been tested in the field in Kenya.19 No
adverse events associated with the ChARM have been report-
ed. A device programming error was reported and resolved
before the study started, and the updated ChARMwas used in
this study. Importantly, theChARM is not invasive and does not
cause the child undue pain or discomfort. The device does not
elicit pain or other noxious stimuli when near or in contact with
the child’s body. The study protocol was submitted to and ap-
proved by the SNNPR Health Bureau (ref: 9026-19/16635).

RESULTS

Description of the population. From March 6, 2018 to
March 23, 2018, all 287 children aged 0–5 years who pre-
sented at the health center were screened for eligibility. Of
those, 52 children were too agitated to be screened for in-
clusion, whereas 47 were subject to other exclusion criteria.
Subsequently, 188 children were deemed eligible according
to study criteria and were enrolled. At every stage of the
evaluation, a number of children were excluded leading to a
constant decline in study participants who were able to start

FIGURE 1. Timeline for the respiratory rate (RR) classification assessment.
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and finish all RR assessments, with the foremost reason being
that the child became too agitated to allow for continuation of
the assessment (Figure 2).
The characteristics of the enrolled participants are de-

scribed in Table 1 together with the measurement of the time
durationof thefirstChARMcount. As theclassificationofRR is
specific for different age groups of children, Table 1 illustrates
that the number of the enrolled subjects are balanced with
regard to gender and that 30% of the children were in the
younger age group. The mean time for the expert counter to
conduct the first ChARM assessment was 135 seconds or
2.25 minutes (minimum 83 seconds and maximum 204
seconds).
The primary outcome, the proportion of children aged

2–59 months whose RR classification changed when
measured with ChARM, is presented in Table 2, which
describes the proportions of children whose RR classifi-
cation changed from one time point to another. Overall,
there were few children who changed RR classification

between time points during the evaluation with the pro-
portion having the same RR classification between all
time points being very similar. However, eight (4.9%; 95%
CI 2.1, 9.4) of 163 children changed RR classification from
normal to fast between the baseline RR count and the 1-
minute RR count. This change does not appear between
other time points, and there seem to be an immediate
change back from fast to normal RR classification be-
tween the 1 and 3 minutes time-point. For the whole du-
ration of the evaluation, from baseline to the 5-minute RR

FIGURE 2. Study flowchart. IMNCI = Integrated Management of Newborn and Child Illnesses.

TABLE 1
Descriptive characteristics of the enrolled children

Characteristic N % Mean (SD) Median

Age (all, months) 188 100 24.9 (16.6) 20.0
Age (2 to < 12 months) 56 29.8 7.7 (2.5) 8
Age (12–59 months) 132 70.2 32.2 (14.4) 30
Gender: male 97 48.4 – –

Gender: female 91 51.6 – –
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count, six children (3.9%; 95% CI 1.4, 8.3) changed from
normal to fast RR classification, whereas two children
(1.3%; 95% CI 0.2, 4.6) changed from fast to normal RR
classification.
Figures 3 and 4 illustrate the specific RR counts of the

children (in total 11, six children in age group 2 to < 12months
and five children in agegroup12–59months)whochangedRR
classification during the evaluation, to understand in greater
detail the pattern of RR changes. For the age group 2 to < 12
months, four children changed from normal to fast RR when
the ChARM was attached; of those, three children had a fast
RR for the whole evaluation, whereas one child changed back
to a normal RR. One child changed from fast to normal RR and
vice versa in between the 3- and 5-minute RR count. Similarly,

in the age group 12–59 months, four children changed RR
classification from normal to fast when the ChARM was at-
tached; however, two of those changed back to a normal RR
from the 1- to 3-minute time point and one changed back to a
normal RR between the 3- and 5-minute time point. In addi-
tion, one child changed from normal to fast RR between the 3-
and 5-minute time point.

DISCUSSION

This descriptive study conducted in a health center setting
aimed to investigate if attachment of an accelerometer-based
RR counter on children under 5 years can cause a mis-
classification of the RR in a child. The results from this study

TABLE 2
Respiratory rate classification over time (measured by expert counter)

Time points

Baseline→ 1 minute, N = 163 1 minute→ 3 minutes, N = 157 3 minutes→ 5 minutes, N = 153 Baseline→ 3 minutes, N = 158 Baseline→ 5 minutes, N = 154

Classification at time points % (95% CI) [N] % (95% CI) [N] % (95% CI) [N] % (95% CI) [N] % (95% CI) [N]

Normal–normal 70.6 (62.9–77.4) [115] 70.1 (62.3–77.1) [110] 72.5 (64.8–79.4) [111] 70.6 (63.8–78.4) [113] 72.1 (64.3–79.0) [111]
Normal–Fast 4.9 (2.1–9.4) [8] 0.6 (0.0–3.5) [1] 0.7 (0.0–3.6) [1] 3.8 (1.4–8.1) [6] 3.9 (1.4–8.3) [6]
Fast–normal 0.0 (0.0–2.2) [0] 2.5 (0.7–6.4) [4] 0.7 (0.0–3.6) [1] 1.3 (0.2–4.5) [2] 1.3 (0.2–4.6) [2]
Fast–fast 24.5 (18.1–31.9) [40] 26.8 (20.0–34.4) [42] 26.1 (19.4–33.9) [40] 23.4 (17.1–30.8) [37] 22.7 (16.4–30.2) [35]
The difference in total number of RR counts between Table 2 and Figure 2 is due to the fact that the expert counter lost count of the RR at two separate instances, once at the 1-minute time point

and once at the 3-minute time point. However, this did not lead to the exclusion of all of the child�s measurements; hence, because Table 2 accounts for the classification change between two time
points, these instances lead to one lesser observation for the change between the 1–3 and 3–5 time points, respectively.

FIGURE 3. Respiratory rate (RR) of children aged 2 to < 12 months whose RR classification changed during the evaluation (measured by expert
counter). The dashed line is the cutoff value for the age group. This figure appears in color at www.ajtmh.org.
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suggest that the ChARM had a small influence on the RR
classification in children between 2 and 59 months after at-
tachment that seem to stabilize after 3–5 minutes.
To our knowledge, no previous studies have been con-

ducted to evaluate how theChARMattachment affects theRR
in children. Thestudy inKenyabyShahet al.19 did not evaluate
this feature of the performance of the ChARM. However, as-
pects ofmeasuringRR in children in general and other devices
that count RR specifically have been studied and are explored
in the following paragraphs.
Difficulty of obtaining an RR in children. In our study,

only 154 out of the 188 enrolled subjects were assessed for
all the four time points which occurred within approxi-
mately 6 minutes; almost all (32 out of 34 of the exclusions)
were due to the child being too agitated to either start or
continue the RR assessment. A study on the RR variability
in children noted a similar rate of failure to attain an RR
measurement,27 but many studies simply only refer to
children being uncooperative as a reason for RR not easily
being measured.28–30 It is possible that agitation is one of
the reasons why RR is not measured. Moreover, the actual
time it takes to conduct a ChARM RR assessment (in this
study, mean time was 135 seconds) is longer if RR is
counted manually, which could be one reason for children
becoming agitated. In our study, we cannot conclude
whether a child became agitated because of the ChARM
attachment and continued use or if it was due to the state of
the child or some other factor. Because there were a similar

proportion of children who became too agitated to take
part in the baseline count as the 1-minute count (5–6%), it
does not seem that the ChARM attachment agitates the
child, but it further emphasizes the need to ensure that the
child is calm before starting any respiratory assessment,
which holds true also for manual measurements. A change
in study design, whereby a child is first observed for the set
time of the assessment and then the actual assessment
begin, could have shined more light on the issue. It is
nevertheless clear that an uncooperative or agitated child
severely hampers the possibility of conducting a suc-
cessful RR assessment and, thus, limits the usability of RR
as a vital clinical marker for pneumonia in children re-
gardless if an RR counting aid such as ChARM is used
or not.
Respiratory rate fluctuations over time in children.With

approximately 5% of the children changing RR classification
from normal to fast between the baseline RR count and the 1-
minute RR count (Table 2), with four out of eight children
continuing to have fast breathing throughout the evaluation as
illustrated by Figures 3 and 4, our results suggest that the
attachment of an accelerometer-based RR counter influence
the RR in children to a small degree and that the effect seems
to stabilize over time. In other studies, albeit not statistically
significant, theRRhasbeen shown to initially decline and tobe
irregular in similar settings when documenting RRwithout any
interference.13,31 Regrettably, the design of our study did not
permit us to estimate or conclude how much of the change in

FIGURE 4. Respiratory rate (RR) of children aged 12–59 months whose RR classification changed during the evaluation (measured by expert
counter). The dashed line is the cutoff value for the age group. This figure appears in color at www.ajtmh.org.
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RR of a child that was due to the attachment of the ChARM
versus natural RR fluctuations over time. However, the RR in
children has been shown to be subject to a great variability
with nearly 50%of children havinga variationof 14breathsper
minute over 1 hour in a similar setting.27 It might be so that the
potential small effect on theRRshown in our study stems from
the natural variability in RR. More so, as described in Figure 2,
the main reason for not taking part in subsequent RR mea-
surements was that the child became agitated. Because the
children who were agitated were excluded, the participating
subjects at the 3- and 5-minute RR measurement is likely bi-
ased toward being calmer than the population at baseline and
1minute and, therefore, less prone to a change in RRwhich in
turn could affect the RR classifications at the time points
leading to an artificial trend.
Impact of medical devices on RR. That the context might

affect the RR assessment has been suggested at least since
183632; also in modern clinical practice, there is a widespread
notion of “white coat pneumonia” whereby the presence of a
health worker and the disturbance of measuring the RR is
assumed to increase the RR in children. Measuring the RR
with a stethoscope or electronically through chest wall sen-
sors have been shown to elevate the RR in comparison with
observation, but it is still debated if this is due to the increased
sensitivity of the stethoscope or chestwall monitors to identify
breaths compared with observing or if it indeed is because of
the disturbance of the child.23,33 In addition, the difference
does not seem to appear in children younger than 2months.34

A large systematic review of observational studies by Fleming
et al.35 showed that therewere no significant differences in the
RR of children if it was measured manually or in some auto-
mated way. For electronic RR measurement, there are two
broad groups of devices, either basic chest wall sensors or
invasive devices used in advanced hospital care.36 Because
the device investigated in this study,ChARM, does not fall into
either of those categories, it is difficult to try to compare the
results from previous studies conducted with the results from
this study. Still, our findings support the overall conclusion
present in the literature that the attachment of a noninvasive
medical device will elevate the RR in some children but to a
limited degree, the implications of this limited potential influ-
ence on antibiotic treatment, and possible overuse of antibi-
otics must be evaluated further.
Strengths and limitations. Acknowledging the limited lit-

erature on ChARM attachment, the strength of this study is
that the phenomenon is investigated at a study site which is
almost the exact context in which the device aims to be used
in. Importantly, no previous study has examined the effects of
ChARM attachment, giving insights that could assist with
developing a ChARM classification algorithm that takes this
contextual effect into account. Moreover, the sample size is
sufficient to allow for sound statistical analysis to examine the
influence of the ChARM on the RR.
There is no gold standard for measuring RR, but it is usually

preferred that a panel of two to four expert pediatricians serves
as themost correct proxy for the correct RRmeasurement.29 In
this study, we used only one manual counter to determine the
RR, serving as a base for the classification of the RR and sub-
sequent analysis. This is a key limitation, but by analyzing only
the manual count and not the ChARM RR count, we could be
assured that we were only analyzing the RR difference and not
the difference in measurement of the RR between the manual

and theChARMRRcount.We tried tominimize themeasurement
error of the manual count through recruiting a well-experienced
nurse to act as the counter and conducting extensive training
and testing on how to correctly perform an RR measurement.
Recognizing that themeasurement error is not avoidable still, we
choose in our analysis of the RR to account only for the RR
classification andnot analyze theRR itself over time. Thismeans
that for themeasurement error tohaveanyeffecton theanalysis,
itmust either be largeor theRRof the childmust be very close to
the age-specific cutoff.
Another limitation of this study was that the duration within

which theevaluationwasconductedwasonly5minutesandthe
study population excluded children between 0 and 2 months;
hence, we do not know how ChARM attachment would affect
the RR beyond 5 minutes or children below two months, who
might be more affected by the attachment than older children.
On the other hand, this enabled us to reach a larger sample size
feasibly, andwe deem it unlikely that ChARM influences theRR
of a child beyond a short period of time because the change in
RRmainly occurredwithin the firstminute after theChARMwas
attached. Last, although attaching ChARM does not seem to
impact the RR of a child to any large degree, it is important to
stress that the actual accuracy of ChARM RR counts is un-
certain at this stage. Thismust be examined in detail before any
kind of endorsement of the device can be made.

CONCLUSION

The results from this study suggest that the Children�s Au-
tomated Respiration Monitor has a minor influence on the RR
immediately after the attachment that seem to stabilize after
3–5 minutes in children aged 2–59 months, in most cases
without clinical importance. Altogether, this strengthens the
Children�s Automated Respiration Monitor devices’ suitability
for clinical usage in low-resource settings.
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