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Abstract

Objective: To perform a diagnostic concordance test for wheezing identification through thoracic auscultation with traditional stethoscope compared with the
wheezing sensor device WheezeScan in pediatric patients.

Design: Observational, cross-sectional, diagnostic test study to evaluate diagnostic concordance, sensitivity and specificity in wheezing detection in pediatric patients
4 months to 7 years of age.

Methods: Potential patients were identified during routine hospital visits, if a patient was eligible, the researcher invited the parent or tutor and presented those who
agreed to participate, with an informed consent form.

Results and conclusions: Concordance for all patients was 98.9% and the kappa index was 0.98 (0.88, 0.99), identifying the concordance strength as good and very
good. Sensitivity was at 100% and a specificity of 99% (92,100). Two incidents were reported during the study: a patient in the wheezing and nursing group (2.2% and
another in the control and preschool group showed signs of localized erythema that did not require treatment and were resolved minutes after being in contact with

the sensor. No adverse events classified as related to the device were reported.

Background

Respiratory diseases constitute the first cause of outpatient visits in
the pediatric population with over 50% of visits in the first contact level
and mainly in the younger age groups. Viral infections of the upper
respiratory tract (URTVI) are infectious diseases that affect the respi-
ratory tract above the epiglottis for at least 15 days and represent an
important public health issue in the pediatric population [1].

10% of all respiratory diseases affect the lower airways and are char-
acterized by dyspnea and wheezing, constituting the first cause of hospi-
tal admission through the emergency ward, with patients younger than 3
years old being the most affected and admitted more frequently [2].

The main causes related to respiratory diseases that present with
wheezing in pediatric patients from 1 to 9 years of age in 2019 were:
acute respiratory infections, asthma, pneumonia, and bronchopneu-
monia. Asthma is the most common chronic disease in childhood and
the main cause of academic absenteeism, emergency pediatric consul-
tation, emergency department visits, and hospitalization. At Mexico’s
Pediatric Hospital Federico Gomez, out of the 5200 yearly consultations
0f 2007 to the allergy department, 80% were asthma related [3].

Recurring wheezing in nursing and preschool patients are a fre-
quent consultation reason in first contact clinics that usually requires
at-home monitoring, which can pose a challenge to the unexperienced
parent or caretaker. The delay on treatment initiation can have an im-
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pact on the patient’s long-term health. Objectively detecting wheezing
and differentiating them from other respiratory sounds isn’t always
simple and patients a healthcare professionals can have different defini-
tions of wheezing. Additionally, thorax auscultation requires a certain
technique subtlety and wheezing can elude detection, considering the
limited testing options for their diagnosis, a more meticulous ausculta-
tion is required for their detection and follow-up [4-6].

When parents aren’t able to identify wheezing correctly, they can
underestimate the child’s condition or otherwise worry excessively, this
disconnection between the perceived condition of the patient and the
reality can pose a danger to their health by delaying care or cause exces-
sive and unnecessary consultations [7].

Omron's Healthcare WheezeScan device is the first automatic de-
vice for domestic use clinically validated to detect wheezing in children
from ages 4 months and up to 7 years. It provides an objective evalu-
ation through a screen that reports the presence or absence of wheez-
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Table 1. Age group allocation.

Pediatric age groups ‘Wheezing group Control Group
Nursing 120 days to -1 year 24 24
Preschool 1-5 years 12 12
School age 5- 8 years* 12 12

*Only up to 7 years old

ing in 30 seconds, eliminating conjectures or doubts in the parents or
caregivers [7].

The WheezeScan device is already available in the United King-
dom, Germany, Italy, Sweden, Holland, Luxemburg, Hungary, Slova-
kia, the Czech Republic and Romania with the labeling of Conformite
Européenne (CE) that indicates the device conforms to European di-
rectives, safety and performance normativity in Europe and is apt for
the stated purpose without endangering life or its properties.® At the
moment of the present article, no reports of adverse events while using
the WheezeScan device during clinical trials or marketing have been
reported. The device is not yet available in Mexico as it is yet to obtain
the required sanitary registry with local authorities. The present study
intends to verify the usefulness of the device to identify wheezing in the
pediatric Mexican population.

Objectives

To perform tests of diagnostic concordance, identify sensitivity,
specificity and detection concordance for wheezing through traditional
pulmonary auscultation in comparison with the WheezeScan device
and to document any techno vigilance incidents during the use of the
WheezeScan device in pediatric patients that visited the emergency ser-
vices due to wheezing and control subjects without diagnosis of respira-
tory diseases.

Methods

An observational, cross-sectional diagnostic test study was per-
formed to determine diagnostic concordance, sensitivity and specific-
ity in patients aged 4 months to 7 years old that visited the emergency
services due to wheezing and control patients without diagnosis of a
respiratory disease. The study was approved by the Ethics and Research
Committee at Medica Sur.

Sample size

We took into consideration published literature that proposes the
need to estimate sensitivity of a diagnostic test, defined as the probabil-
ity of a positive test when the subject is truly sick; specificity relates to
the probability of a negative test in patients that are healthy; the Likeli-
hood Ratio (LR), understood as the ratio between the possibility of a
result amongst patients with the disease versus the possibility of a result
in patients without the disease [9]. We defined a significance at 0.05
and power 1-f at 80, considering a sample size estimation to detect a
difference in proportions which is assumed for an equal proportion ad-
justed to the prevalence of the disease of up to 70% of emergency visits
with 12 per group.

Based on the results published by Habukawa et al on the sensitiv-
ity, specificity, positive and negative predictive values obtained with the
WheezeScan (HWZ-1000T) device of 96.6%, 98.5%, 98,3% and 97.0%
respectively, we estimated the sample size for the present study [8].
The resulting sample size for each group with the G* Power V 3.1.9.2
software determined that considering the estimate of 45 patients per
group and 2 additional subjects for each strata to ensure the statisti-
cal assumptions in case of consent withdrawal, we should include 96
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patients. The resulting distribution was: 48 patients with pulmonary
disease and wheezing and 48 controls (without pulmonary disease and
matching the number by age strata). We included pediatric patients of 4
months to 7 years of age considering the following age groups (Table 1).

Statistical analysis

A primary statistical analysis was performed through bilateral tests
with a confidence interval of 95%. We performed a global evaluation of a
diagnostic test (true positives and true negatives) to determine sensitivi-
ty, specificity and diagnostic concordance in wheezing detection in pedi-
atric patients through traditional thorax auscultation that is considered
the gold standard, in comparison with the wheezing sensor WheezeScan
amongst a control group vs the wheezing group; considering a p=0.05,
with confidence interval at 95% and a concordance level superior to 80%

Population

We included patients aged 4 months to 7 years old with a diagno-
sis of asthma, bronchitis, bronchiolitis, bronchial hyperactivity, cystic
fibrosis or viral pneumonia that were clinically stable or those with an
acute onset of respiratory symptoms and/or wheezing without a pre-
vious respiratory disease diagnosis as well as control patients without
pulmonary disease. We excluded patients with thoracic dermatitis,
crying patients, those requiring ventilatory support, patients with in-
trathoracic devices and those whose parents or caregivers decide to
rescind consent. We also excluded patients that present adverse events
that, based on the clinician judgement, justify removing them from the
study, however; these would still be considered for the concordance and
safety analysis.

Procedures

Information was collected through medical records, height and
weight evaluation, vital signs measurements and a conference with par-
ents or caregivers to explain the purpose and procedures of the study,
presentation of the informed consent form and signature requests.

Diagnostic maneuvers

The patient was situated either sitting or lying on their back based
on convenience, uncovering the right side of the thorax. The thoracic
auscultation and WheezeScan testing were performed at the same time
by different researchers, placing both instruments below the right clav-
icle for a maximum of 30 seconds. The skin in area where the Wheez-
eScan was placed was examined 30 minutes later to document the pres-
ence of any signs of adverse events on the skin.

Results

A total of 96 patients were included during the period of the 22"
of April to the 22™ of July of 2022, 48 patients were in the wheezing
group and 48 in the control group. During the diagnostic manouvers,
two patients in the wheezing group were removed from the study due
to crying (Figure 1).

The demographic and clinical characteristics of the analyzed pa-
tients are shown in Table 2. Theaverage age was 2.66 years and 53.2%
(n=50) were male. At the moment of the diagnostic manouvers, the
most common respiratory diseases were: Bronchial hyperreactivity 18
(19.1%), bronchitis 9 (9.6%), bronchiolitis 9 (9.6%) and viral pneumo-
nia 9 (9.6%).

Two patients in the nursing and preschooler age group presented
localized erythema that required no treatment and resolved minutes
after contact with the wheezing sensor, both of these incidents were
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Patients with signed consent form

(2=96)

Evaluated

(n=96)

Controls (n=48) Cases (u=48)

Nursing (n=21) Nursing (n=24)
Preschool (1=12) Preschool (1=12)

School age (n=12) School age (1=12)

}7

Included in the analysis ®=2)

Removed due to crying

Included in the analysis

Nursing (0=24) Nursing (1=23)

Preschool (n=12) Preschool (n=12)

School age (1=12) School age (n=11)

Figure 1. Study patient flow.

classified as not related to the use of the devise based on definitions on
the norm NOM-240-SSA1-2012 [10].

Concordance values and diagnostic test obtained by groups are
shown on Table 3, where the concordance for the total population was
98.9%, 97.8% in nursing age and 100% for preschool and school age pa-
tients. The Kappa index by age groups was 0.95 (0.77, 0.99), 1 (0.71,1) and
1 (0.70, 1) each and 0.98 (0.88, 0.99) for the total population with a good
and very good concordance strength based on the qualitative index that
classifies them as insignificant (0.00 to 0.20), low (0.21 to 0.40), moderate
(0.41 t0 0.60), good (0.61 to 0.80), and very good for values above 1 [11].

Sensitivity was 100% for the total population vs the traditional
method. Specificity values were 97% (85,100) for the nursing age group,
100% (79, 100) for preschoolers,100% (81, 100) in school-age patients
and 99% (92, 100) for the entire sample. The Positive Predictive Value
(PPV) and Negative Predictive Value (NPV) were 96% (80, 100) and
100% (95, 100) for the entire population. (Table 3). Only one false posi-
tive was identified and it was amongst the nursing age group (Table 2).

The Likelihood Ratio (LR) values showed a +LR of 36 (5.21, 248.66)
for the nursing age group and 70 (10, 490) for the entire sample. No -LR
values were obtained. (Table 3). According to Monsreal et al, a positive
LR above 10 and a negative LR below 0.1 can indicate a high plausibility
that a patient that presents the measured event has a positive result and
that a patient without it has a negative result [12] (Table 3).

Discussion

In 2008, a study evaluated the precision of a multisensory device
with an automatized technique for wheezing detection. The sensitivity
and specificity obtained where 83% and 85%, and the NPV and PPV
were 89% and 79% respectively. The authors concluded that the device
was easy to use and the detection algorithm was precise, sensible and
specific, with good PPV and NPV for the detection of wheezing, similar
to the findings in our present study [13].

Chun Yu et al, conducted a study in 2013 with a soft stethoscope
with a polymer chamber and a unidirectional microphone; a dia-
phragm was set to the sound collector chamber to propagate the sound
from the body surface to the microphone in order to measure the re-
spiratory sounds of pediatric patients in the emergency room of the
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pediatrics department in the University Hospital of Taiwan. The results
revealed the system provided an 88% sensitivity and 94% specificity in
detecting wheezing, concluding that the device could be easily used in
young children in a loud environment, hence it could be used at home
by parents that wanted to measure and monitor their children’s condi-
tion [14].

In 2020, Habukawa et al published a study in 214 pediatric patients
between the ages of 2 months and 12 years 11 months that visited the
emergency services in Wakayama, Japan for the treatment of recurring
qwheezing with cough and dyspnea, finding that wheezing detection
was not influenced by age, and they were successfully detected by the al-
gorithm. Sensitivity, specificity, PPV and NPV for the wheezing recog-
nition algorithm were 100%, 95,7%, 90,3% and 100%, respectively [15].

Habukawa et al published another study in 2021 with 374 ambula-
tory patients aged 4 to 107 months of age in the pediatric services of
10 institutions where wheezing was detected through thoracic auscul-
tation with a stethoscope and registered during 30 seconds using the
device of wheezing recognition algorithm WheezeScan. Sensitivity,
specificity, PPV and NPV for the device were 96.6%, 98.5%, 98.3% and
97.0%, respectively, concluding that the WheezeScan could be useful
in the practical implementation of homebased management of asthma
patients and remote medical assistance [16].

Detecting and documenting respiratory sounds objectively and
with precision is an essential part of the diagnostic, treatment and fol-
low-up process of respiratory diseases in pediatric patients to ensure
timely treatment and avoid exacerbations and asthma attacks, reducing
hospital admissions and mortality. Ruling out wheezing can also help
by calming parents and caretakers during follow-up and could contrib-
ute to improve quality of life [6].

The COVID-19 pandemic brought along new challenges to wheez-
ing detection, particularly in first contact clinics, where telemedicine,
infection control measures and social distancing can result in treatment

Table 2. Demographic and clinical characteristics.

Total Wheezing = Controls p

(N=94) (N=46) (N=48)
Age (avg (SD)) 2.66 (2.31)  2.59(2.28) | 2.72(2.35) 0.789
Gender (male) n (%) 50(53.2) | 25(54.3) @ 25(52.1) 0.989
Disease History
Allergy/Immunologic n (%) 5(5.3) 4(8.7) 12.1) 0.333
Endocrine n (%) 0(0.0) 0(0.0) 0(0.0) -
Pulmonology n (%) 0(0.0) 0(0.0) 0(0.0)
Psychiatric n (%) 0(0.0) 0(0.0) 0(0.0) -
Other n (%) 14 (14.9) 11 (23.9) 3(6.3) 0.035
Disease Presenting with Wheezing
Asthma n (%) 2(2.1) 2(4.3) 0(0.0) 0.456
Bronchitis n (%) 9(9.6) 9 (19.6) 0(0.0) 0.004
Bronchiolitis n (%) 9(9.6) 9 (19.6) 0(0.0) 0.004
Bronchial Hyperactivity n (%) 18 (19.1) | 18(39.1) 0(0.0) <0.001
Cystic fibrosis n (%) 0(0.0) 0(0.0) 0(0.0) -
Viral Pneumonia n (%) 9(9.6) 9 (19.6) 0(0.0) 0.004
Other n (%) 7(7.5) 7(15.2) 0(0.0) 0.016
No pulmonary disease n (%) 48 (51.1) 0(0.0) 48 (100.0) <0.001
Probable Adverse Event
Rash, itching, redness or cutaneous
o YEg n %) 2(2.1) 122) 1.1 0.983
Required treatment = NO n (%) 2(2.1) 1(2.2) 12.1) 0.983
Lesion resolved = YES n (%) 2(2.1) 1(2.2) 12.1) 0.983

N: number; avg: average; SD: Standard Deviation
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Table 3. Concordance and Diagnostic Test evaluations

Total Nursing age Preschool age School age
(N=94) (N=47) (N=24) (N=23)
Concordance(%) 98.9 100 100
kappa (CI 95%) 0.98 (0.88, 0.99) 0.95 (0.7, 0.99) 1(0.72, 1) 1(0.70, 1)
Sensitivity % (CI 95%) 100 (86, 100) 100 (72, 100) 100 (63, 100) 100 (48, 100)
Specificity % (CI 95%) 99 (92, 100) 97 (85, 100) 100 (79, 100) 100 (81, 100)
o . Y
5?3/‘3“’3 Predictive Value % (C1 96 (80, 100) 92 (62, 100) 100 (63, 100) 100 (48, 100)
0,
. . Y
Ig\l;g;nve Predictive Value % (CI 100 (95, 100) 100 (90, 100) 100 (79, 100) 100 (81, 100)
0,
LR+ % (CI 95%)* 70 (10, 490) 36 (5.21, 248.66) - -
LR- % (CI 95%)* 0 (0, NaN) 0 (0, NaN) 0 (0, NaN) 0 (0, NaN)
False positive % (CI 95%) 1(0,8) 3(0, 15) 0(0,21) 0(0, 19)
False negatives % (CI 95%) 0(0, 14) 0 (0, 28) 0(0,37) 0(0, 52)
i 0,
Precision (TP+TN) /N, % (CI 4(0,20) 8 (0, 38) 0(0,37) 0(0, 52)
95%)
Concordance (%) 0 (0, 5) 0 (0, 10) 0(0, 21) 0 (0, 19)
kappa (CI 95%) 99 (94, 100) 98 (89, 100) 100 (86, 100) 100 (85, 100)

SD: Standard Deviation; N: number; %: Percentage; CI: Confidence Interval; LR+: Positive Likelihood Ratio; LR- Negative Likelihood Ratio; NaN: Not a Number. *Values are omitted in
LR+ and LR- where at the moment of estimation, we obtained non-defined expressions (divided by zero) due to the fact of having sensitivity and/or specificity at 100%

barriers and where the close quarters required for thoracic auscultation
becomes both a real and perceived risk of infection [6].

Precise and easy to use devices for wheezing detection can help
reduce the element of doubt, increasing objectivity and precise docu-
mentation of symptoms, could facilitate agreement and understanding
amongst healthcare personnel, parents, and caregivers. Using these de-
vices as monitoring tools can also bring tranquility and help families
understand the evolution of symptoms, allowing them to identify the
adequate moment to seek medical attention [6].

Conclusions

Concordance for all patients was 98.9% and the kappa index was
0.98 (0.88,0.99), with a good and very good concordance strength. Sen-
sitivity was 100% and specificity was 99%. 2 incidents of localized ery-
thema were reported but it disappeared after removing the sensor and
they were not classified as related to the device.
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