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= Health services researcher, Clinical outcomes
expert, and General Pediatrician...

n ... With a "think outside the box” mindset

Thanks to Barry Lachman, MD, MPH, FAAP



i CME Learning Objective

s Discuss asthma education and demonstrate
common asthma equipment and devices



Session Learning Objectives

ixplore the trends in inhaler device design

= Review the medical evidence regarding use
of nebulizers versus spacers & chambers

= Discuss the role of fractionated exhaled
nitric oxide (FeNO) in asthma management

= Learn how remote electronic monitoring can
empower both providers and recipients of
asthma care — Cause for optimism



Expert Panel Report (EPR) No. 3

August 28, 2007 Section 3, The Four Components of Asthma Management

SECTION 3, THE FOUR COMPONENTS OF ASTHMA MANAGEMENT

Introduction

The Expert Panel Reports presenting clinical practice guidelines for the diagnosis and

management of asthma have organized recommendations for asthma care around four

components considered essential to effective asthma management:

m Measures of assessment and monitoring, obtained by objective tests, physical examination,
patient history and patient report, to diagnose and assess the characteristics and severity of
asthma and to monitor whether asthma control is achieved and maintained

m Education for a partnership in asthma care

m Control of environmental factors and comorbid conditions that affect asthma

m Pharmacologic therapy
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Asthma Control Questionnaires
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Childhood Asthma Control Test for children 4 to 11 years
Know your score.
Parent or Tha (h Ashre Conbesl Test* i @ wery o i your chile’s kealthcars prowder determme i pour cvld s st symplos are well contetien.
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Sp & Takon thon COMPLETED tmt by your chief s heaRinans proddor ie bl about your
chile’s bolal score.
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1. Hom i poar aptes fockan ©
i !
. g b ] [F) Wary ol J
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ASTHMA CONTROL TEST™
Know your score.

The Asthma Controd Test™ provides a numerical score to help you and your healthcare
provider determine If your asthma symptoms are well controlied,

Take this tast If you are 12 years or aldes. Share the score with your heatthcare provides.

Step 1; Write the nurmber of each answer in the score bax provided.

Step 2: Add up each score box for the total,

Step 3: Take the compleled last to your healthcare pravider 1o lalk abadt your seane.

IF¥OLUR SC0ORE 15 1908 LESS, Your asthma symploms may not be as well controlled as they could be,

Mo matter what the score, bring this test to your healthcare provider Lo talk about the results.
HOTE: If wour soore is 15 or less, your asthma may be very poorly controlied. Please comtact your healthoare provider
right away. Thare may be mane you and your healthoane provicder could do to halp condnol your asthma sympboms.

1. In the past d wasks, how much of the time did your gsibma keep vou from getting as much SCORE
dane sl work, school or 31 home?

Al al Wizl of Sustw al A, lirts M il

tha tiress [1] 1he Hiee [2] tha tiiwa [3] af 1hs tims [4] tha tine [S]
2. Durinig the past 4 weaks, how often have you had shariness of breath?

Mare 1han Orica 3 1e 6 limes Cess oF Bhal alt abl [¥]

Crvae o day [1] Hday [2] & waak [3] Ewice 4 waak [4]

3. Durineg the past £ wooks kaw often did your asthma symipioms (sheezing, coughing, shortnass
of brealh, chest tighiness or pan) wake you up at night or aarlier than usweal Inthe mormang ™
4 or o 2103 nights Orca a Cirics or Blot at all [§]
nighis a wesk [1] aweek [2] s [3] barice [d]

4, Daing the past 4 weaks, how often have you dsed your resces Inhaler o nabulizar madication
|siseh as albutarol)?

3 o mare 11 2 limas 200 3 ieE Crrscs A vl M gl all [5]
timas per day [1] e day [2] per week [3] of lags [4]
5, How wedld yau rate your asthima costred during tha past 4 weaka?
Hot Controlled Poory Somewhat Wl Completaly
at Al [1] Contralied [2]  Controlled [3] Cantrolied [4] Controfled [B] ...
TOTAL:

Copyright 2002, by Cuakityhirr Incompombed.
Asttira Control Test B 3 wademark of Cualhy P siric noompoeshst.

This maberal was devsloped by GEH.

‘I q E3717 GI¥K gom ol cormpenia
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Medication Inhalers



‘_L Types of Inhalers

= 1. Hydrofluoroalkane inhalers or HFA \ (formerly
metered dose inhalers or MDIY) — Some used with

Spacers or Valved Holding Chambers (VHCs)

= 2. Dry Powder Inhalers (DPI) — not for children
aged < 5-6 years

= 3. Soft Mist Inhalers (SMI) — only =5 years of age

1 Are either non-breath activated (majority) or breath-activated (more expensive!)

J Metered dose inhalers with chlorofluorocarbons (CFCs) have been phased out due
to concerns about damage to the environment.



Allergy \

#:: Respiratory Inhalers === g2
e fe

needless death and suffering due to asthma,

79\ . : J
allergies and related conditions through
a outreach. education, advocacy and research.

CO"QQG AllergyAsthmaNetwork.org

of Allergy. Asthma

e - 800.878.4403

Ventolin® S Arcapta™
Proventil® HFA l':";{:: B Neohaler™ Serevent®

ProAir® HFA el o & acécxiarol Diskus® e ¥

RespiClick aibuterol suste ;" i Ve v saimeterol xinafoate Striverdi®

souterolsulote. . e S~ |Ee ] FAswn powde Respimat®

inhalation ! Q EHoe olodaterol
hydrochionde
o-2[c

Asmanex®

Asmanex® HFA Flovent® Diskus®

Arnuity® Ellipta® momelasone Twisthaler® 50 meg, 100 meg, Flovent® HFA
& 100 meg, 200 meg furcate 110 meg, 220 mcg 250 meg 44 meg, 110 meg, 220 meg Pulmicort
Alvesco® HFA Outicesone furcate mometasone fluncasone lutcasone proponate
80 meg, 160 meg furoate propuonate Flexhaler®
* oxlesonce ithalaton mnhalaton m@ 90 mcg, 180 meg QVAR® (HFA)

Aerospan powder powder budasonida inhalstion 40 mcg, 80 mcg
! . = »
Sanisokde BEo Eo beclomethasone

* O

Combination inhaled annchohnerg
ic

® Anaro® Ellipta®
Breo® Ellipta® Po::;rz%u/s 625meg/25 mpcg Bevespi -
. 1 o m mometasone furaste and umechdinum and wisnterol | Aerosphere® Stiolto™
Advair® HFA /s e, 20023 meo
S ikia ucsne ronwind__| oo o | | cisaron o 3 g/ s Respimat? L
V21, 1152 v:lmral,olu-uulamnk { ° o " mn:ﬁfﬂaﬂdr 25mecg/25meg i Utibron
powde \ m : formoterol fumarate
[IES 5 Koonpus dsole Neohaler®
/ m NS o &= 27.5mcg/15.6 meg
— . : 0 indacaterol and
: "y glycopyrrolate
inhalaton ‘
! -
(C] =
N =
=P

Spiriva Spirwva N
HandiHaler Respimat Tudorza
Seebri™ Neohaler Dotropikm Heomide posropen, Pressair Combivent
N glvcopyrrolate mhatabon powder bromde J J achdinium brormde ? g
- inhatanon [} 070 [ALC) inhatation powder Respimat
L = speatropum bromide
Atrovent® HFA powder s ] 0 [ C) ‘ and aluterol
pratropium o i ianad s = o s
bromide = v 0 l ' . Ee
= e B=J : =

BB - DOSE INDICATOR = BUILTIN SPACER  DISEASE STATE: @ = ASTHMA @ =COPD Please see full Prescribing Information for all products. Reviewod by Oenacs Willams, Pharm)  ©2017 Allergy & Asthema Network



Mews > Medscape Medical News > FDA Approvals

FDA OKs QVAR RediHaler for Asthma in Children
Aged 4+

Megan Brooks
DISCLOSURES | August 11, 2017

Alr vents

No canister to press;
nothing to shake or prime

o=

The medicine comes out
when you breathe inl It's
breath-actuated

“Spacer-free” design—
do not use with spacer

#—— Attached white cap
' For ol ishalaton only

QVAR RediHaler. Photo courtesy of Teva Pharmaceuticals, Inc.



Arnuity’s Ellipta (fluticasone furoate) Inhaler

MOUTHPIECE AIR VENT

COUNTER COVER

Indicated for once-daily maintenance treatment of asthma as prophylactic therapy
in children aged =5 years
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Respimat® Soft Mist™ Inhalers (SMI)

Mouthpiece

Air venis
(one on each side)

Dose-release
button

Air vents

Safety catch —— Dose indicator

Discard by
Clear base White
| 1 Cap arrows
- Airvent — : - Piercing
h Dose- point
I .
Eeu{:?osﬁ Front view Back view
ﬁl Safety —
H fay ] catch |
ll i-z;Ig Clear base H : | b=
| e Piercing q 2=
TL"*_.‘I H element . m
Cartridge Cartridge Suitable VHC with face mask recommended below 5 years of
) e :
Aqua (2.5 meg/puff) Blue (1.25 meg/puff) age. Without VHC, Respimat® may be used by children aged

2 puffs, once a day 2 puffs, once a day 5 years and above.



JOUANAL OF AERDSOL MEDICIME AND PULMONARY DRUG DELIVERY
Violume 28, Humbar 1, 2018
Mary Ann Lishart, inc.
T&-B5
DOH: 101085 amp. 20141165

In Vitro Determination of Respimat™ Dose Delivery in Children:
An Evaluation Based on Inhalation Flow Profiles
and Mouth—Throat Models

Deborah Bickmann! Wolfgang Kamin, MD, PhD? Ashish Shamma, PhD, APh® Herben Wachiel, PhD!
Petra Moroni-Fentgraf, MD! and Stefan Selen, MD, PhD®

Abs=iract

Backgrownd: Aerosol thesapy in young children can be difficull. A realistic model based on handling studses
and fn witro investgations can complement clinkcal deposition siudies and be used 1o enable dose-wo-the-lung
(DTL) predictions.

Methods: Predictions on dose delivery 1o the lung were based on (1) representative inhalation flow profiles from
children enrolled in a Respimat™ handling stady, () in witre measurement of the fine-particle DTL using
mouth—throst models derived from nuclear magnetic resonancefcompuated tomography (MMBACT) scans of
children, and (3) a mathematical model w predict the Boropdom DTL. Accuracy of the prediction was con-
firmed wing pharmacokinetic (PE) data from children with eystic fibrosis enmolled in o phase 3 climical wrial of
notropium Respimat with valved holding chamber (WVHC).

Results: Representative inbalation flow profiles for each age group were obtained from 36 children who
spccessfully inhaled a volume =015 L from the Respimar with VHC. Average dimensions of the mouth—throat
region for 38 children sged 1-<2 years, 2-<3 years, 3—<d years, and d— <5 vears were determined from
NMEACT scans. The DTL from the Bespimat plus VHC were determined by fn virre measurement and were
Sl+10%, 156% 1 1.4%, 179% 41 5%, and 37.1% £ 1.E% of the delivered dose for child models (<2 years,
2—=3 years, <4 years, and 4—<=5 years, respectively. This provides a possible explanation for the age
dependence of clinical PE data obained from the phase 3 toropiam trial. Calealated in vitre DTL per body
mass (peeke [£5D]) were 0.031 00014, Q066 +0.031, 005820024, and 0.059 £ 00029, respectively, com-
pared 1o (U046 in adulis. Therefore, efficacy of the weatment was nol pegatively impacted in spite of the
apemingly low percentages of the DTL.

Conclusions: We conclode that the combination of real-life inhalation profiles with respective mouth—throat
models and in vitre determination of delivered DTL 15 a good predicior of the drg delivery 1o children via the
Respimar with VHC. The data provaded can be used 1o support data from appropriate clinical wrials.

Key words: children, fine paricle-fracton, inhalation breathing patem, inspieatory flow, lung deposition, Re-
spimat™ Soft Mist™ Inhales
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Spacers & Valved Holding Chambers




Various Shapes & Styles of Spacers




Inspiratory flow  Alignment  Flow signal Exhalation Vaive
indicator feature whistle .
Exhalati Metered dose 2
xhalation inhaler (puffer) l
valve =
u W |
Mouthpiece S e ~— Backplece
Inhaler / Inhalation Valve  Anti-Static Chamber
adaptor '

Cap Inhalation Anti-static
valve chamber

AeroChamber
i Flow-Viz

Anti-Static Valved Holding Chamber
Chambee de Retenue Vaives Antatatgue

Using InspiraChamber”
Valved Holding Chamber




Correct Use of HFA Inhaler with a Spacer

https://youtu.be/BbONuRX1dr0



https://youtu.be/BbONuRXJdr0

Role of a Valved Holding Chamber (VHC)

+

https://youtu.be/Trqc8shfSGA



https://youtu.be/Trqc8shfSGA

Nebulizers
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Innospire Go Portable Mesh
Nebulizer

/
e
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Airial™ Express Compressor
Nebulizer

PARI TREK S Compact
Compressor Combination Pack

Sami the Seal Nebulizer
Compressor

Medquip Panda Nebulizer
System

BEST PEDIATRIC

A

PARI Vios - Pediatric

|

|
|
|
)
s

e
| ——

Innospire Go Portable Mesh
Nebulizer (Damaged Box)

Clown Fish Pediatric
Compressor Nebulizer

Buddy the Dog Pediatric
Nebulizer Compressor

Omron Mesh Nebulizer NE-  J0 Jo the Jelly Fish Nebulizer

U100

Checker Nebulizer (Yellow) - Kit

System

Medquip Fire Engine Nebulizer
System

Drive Beagle Pediatric
Nebulizer System

Neb-u-Tyke Train Nebulizer
System



Face Masks



Pediatric Mask for ALL Omron
Nebulizers

Disposable Super Spike Mask

Child Mask for ALL Standard
Nebulizer Kits

PARI Baby Conversion Kit

PARI Chloe Ladybug Infant
Mask for PARI Vortex Holding
Chamber

PARI Felix Frog Child Mask for
PARI Vortex Holding Chamber

Pediatric Dragon Mask Eden the Elephant Pediatric Bubbles the Fish Pediatric
Mask Aerosol Mask
¢ T _ @\\
p - \

Tucker the Turtle Pediatric
Mask

DeVilbiss Pediatric Mask Turtle Infant Respiratory Mask

Medquip Pedi-Neb Pacifier

PARI Baby Reusable Nebulizer
Set

MicroElite Pediatric Mask
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PHARMACOTHERAPY

Spacers versus nebulizers in treatment of acute asthma - a prospective

randomized study in preschool children

Niki Mitselou, MD', Gunilla Hedlin, M0, Phe?, and Carl-Axel Hederos, MD, PhD?

'Department of Pediatrics, COrebro University Hospital, Orebro, Sweden, “ Department of Women's and Children's Health and Centre for Allergy Research,
Karolinska Institutet, Astrid Lindgren Children’s Hospital, Stockholm, Sweden, and ?Department of Pediatrics, Karistad Central Hospital, Karlstad, Sweden

Abstract

ODhjective: To compara administration of bronchodilators by nebulizers with delivery by metered
dose inhalers (MDIs) with spacers and to evaluate the clinical effect of the treatment of acute
asthma in preschool children. Methods: A prospective randomized clinical trial in a pediatric emer-
gency department (PED). Preschool children who wera admitted for virus induced wheezing or
acute asthma exacerbation were randomly allocated to receive bronchodilator treatment by neb-
ulizer ar by meterad dose inhaler, The accompanying parents complated a questionnaire. Results:
The length of stay in the PED and the hospitalization rate were similar and no difference was seen in
the parents’ view of ease of use and device acceptance. Baseline data wiere similar for both groups
apart from the family history of asthma and atopic disease that was greater in the nebulizer group.
No significant differences were seen in heart rate, respiratory rate and oxygen saturation at base-
line and after the treatrmeant. According to the parents 40% of the participants had asthima diagno-
sis though up to 66% had some kind of asthma medication. Condusions: Our data suggests that
MDils with spacers are at least as effective as nebulizers in the delivery of bata agonists to treat
preschool children with virus induced wheezing or acute exacerbations of asthma in the PED. Par-
ents may underestimate the gravity of their children’s asthma. It is mandatory to provide adequate
information to the staff and parents in order to treat pediatric acute asthma successiully.

Keywords

Emergency department, pediatric,
information, wheezing, bronchodilators,
metered dose inhalers, hospitalization rate

History

Recaived 11 February 20016
Revised 24 March 2016
Accepted 26 April 2006



Primary Outcomes

Table 5. Length of stay, hospitalization rate and how the parents experi-
enced their child's treatment.

Crroup A Group B (Spacer)
(Mebulizer) N = 53 N =45
Length of stay 153,33 £+ 8039 153,60 + 97.57
(minutes) 4 S0
Admission rale: n 6{11.3%) T (15.6%)
(%)
Parents" opimion on 346+ 2.69 3654304

ihe acule asthma
trealmcnl: msan
4 510




Secondary Outcomes

Table 2. Heart rate, resprratory rate and saturation sl baseline and afier the

last treatment,
Crroup A Ciroup B
(MNebulizer) {Spacer)
N =153 N =45
Heart rate at baseline 14221 + 2168 13952 4 20,14
(beats/min):
mean + S0
affter treatment 155804+ 2263 148354 17.77
dhifference 1296 4 1763 6.23 4 25.75
Respiratory rate  al baseline 086+ 1106 3992 4+ 11.03
{(breaths/min):
mean =+ S51)
affter treatment 3671 4 10,95 35.75 4+ 10,69
difference —4.60 4997 — 352 4+ 10D
Salk (samration  al baseline On, 00 + 264 05,98 + 2.44
%) mean £
al)
after treatment 06,50 + 2.21 Of52 + 2.26
difference .63 4+ .66 0.50 4+ 265




Holding chambers (spacers) versus nebulisers for beta-agonist G E%Chra“e
: ibrary

Cochrane Database of Systematic Reviews

treatment of acute asthma (Review)

Cates CJ, Welsh EJ, Rowe BH www.cochranelibrary.com

ABSTRACT
Background

In acute asthma inhaled betat -aponists are often administered by nebuliser o relieve bronchospasm, bur some have argued that
metered-dose inhalers with a holding chamber (spacer) can be equally effective. Nebulisers require a power source and need regular

maintenance, and are more cxpensive in the community sciting.

Objectives

To assess the cffecs of holding chambers (spacers) compared to nebulisers for the delivery of bet®  -agonists for acute asthma
Scarch methods

We searched the Cochrane Airways Group Trial Register and reference lists of articles. We contacted the authors of studies w u:l:nl:lﬁ
additional trials. Dare of last search: Fn:hruar}r 201 3.

Selection eriteria
Randomised rials in adulis and children (from owo years of ape) with asthma, where spacer bersz -agonist delivery was compared with
wet nebulisation.

Data collection and analysis

Two review authors independently applied study inclusion criteria (one review author for the st version of the review), exiracted the
data and assessed risks of bias. Missing data were obtained from the authors or estimated. Results are reported with 95% confidence
intervals {Cls).

Main results

This review includes a total of 1897 children and 729 adules in 39 trials. Thirty-three rials were conducted in the emergency room
and equivalent community settings, and six trials were on inpatients with acute asthma (207 children and 28 adules). The method of

delivery of bets'  -aponist did not show a sipnificant difference in hospital admission rates. In adults, the risk ratio (RR) of admission
for spacer versis nebuliser was 0L94 (95% CI 0.61 o 1.43). The risk ratio for children was 0.71 (95% CI 0L47 o 1.08, moderare

Holding chambers (spacers) versus nebulisers for beta-agonist treatment of acute asthma (Review) W
Copyright & 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Lid ] LE Y

Citation: Cates CJ, Welsh EJ, Rowe BH. Holding chambers (spacers) versus nebulisers for beta-agonist treatment of acute asthma.
Cochrane Database of Systematic Reviews 2013, Issue 9. Art. No.: CD000052. DOI: 10.1002/14651858.CD000052.pub3.
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Eplousion

Multiple reatment of beta- -agonist via spacer {chamber) compared to nebuliser for children with acute asthma

Patient or popu Intian: childran with acuts asinma

Sattings: Community or Emargancy Departman

Intarvantion: Mulipla treatmants with bata: -agonis! via spacar [chamber)
Comper igan: Multiple fragtments with bate -agonist wia nebullser

Dutcomes lllustative comparative risks* (85% CI) Relative affect No of Participants Quality of the evidence Comments
(BB CI) (st ies) (GRADE)
Assurmed risk Corrasponding risk
Nabulisar Multip s traat-
ment of bete,;-sgoniat
vin spacer (chamber)
Hespital adm ission 110 par 1000 T par 1000 RRO.T1 TET BEO0 Large Increasas In tha
15810 118 (047 ko 1.08) 19 studies) kw11 propartion of children
admilled 19 haspital en
spacar In comparison
fa mabullsar an ruled
auf By this 85% confl-
denca irarval
Duration b emergency Tha maean duration in The mean duration in 396 SEET There was & cansls
deperfment (minutes) emargancy deparimant emergency departmenl 13 studies) modaraba’ tent direction ol shori-
[miratles) inthe coniral (minuas) in the inter aning of timae in ED in
groups was wantion groups 'was all 3 siudies, end &-
103 rminutes 33 m nutes shortar theugh the size of this
143 minuteas sharar to alfect varied betwaen
24 mirutes sherter) sludies |F = B8%), wa

fall thet the mean dii-
farancs Was il'ﬁpﬂ'lt'll
In all sfudiss



T Res F b, Sio] & DAY UOESERGD SURI D WL kI 6E O nllkies
{mmrpminig} g e g o jusraipras) el peg syl s, (deared ) dssguieg Suipio

Final rise in FEV (% Tha mean {inal risa In The mean fine risa In
prad ke tad) FEV (% predicted) In FEV |% predicied) In
thi centrel groups was Lhe Intesvant lon groups
2% predicted atbase- was
Iine 0,82% higher
(4,085 lawer to 8.79%
highee}

48
{2 studlas)

SB00
low -

Fise In pulss rate (% Tha maan risa in pulse The mean rise In pulse
b lina) rale (% baseling) Inthe rate (% Daseline) In
gontrel groups wae tha Intarventian graups
Thriso from basaline  was
B.62% lower
{7.58% 10 3.72% awar)

870
{9 studies|

BEHo
medaraka’

Numbar of participants 142 par 1000 81 par 1000
duve lop ing remar {8210 138}

RRD B4
(0.44 18098}

264
{4 slucias|

TR
mcoarabe’

*The basls fcr the assumed risk (8.9, tha medlan contrel group risk across studies) s provided In focinotes, The correaponding risk (and e 65% confldance Inferval) la

based on the assumad rlsk |n the comparlsen graup and 1ha relative effect of 1he Intarvantlon [and s 85% C1).

€l Candldance Imarval; RR: Risk ratla;

GRADE Warking Group grades of svidance

High gualify: Furthaer research Is vary unllkely 1o change cur conlldence In the astimale of effact.

Maderats quality: Furlhar ressarch |s llkely 1o have an importan Impast on ow confldence In the estimate of eilect and may change the estimata.
Low quality: Furtbher research & vary Ikely 1o have an Imporfant impact on our cantldence In the astimate of ellect and Is lkely 1o change 1he estimale,

Wery low guality: Wa ara very uncertaln aboul 1he asiimata,

' Moally opan |abal atudlas
< Wide conlidenca Inervals
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Fractionated Exhaled Nitric Oxide (FeNO)




Exhaled NO Is a Marker of Airway Inflammation:s

ASTHMA

NO is an endogenous NO NO NO
regulatory molecule?

\ 1 / (oxidative stress)
Synthesis regulated by family s '
of enzymes (NOS)1 —

INOS-derived NO
predominantly produced in
bronchial wall epithelial cells2-3

= Exhaled NO levels increase Corticosteroid-
: P : sensitive

during allergic |anammat|on ehaniem

and often correlate with

eosinophilic inflammation3

Air pollution Allergen exposure

IL-4/L-13

(Th2 cells, mast cells, eosinophils)

AHR, airway hyperresponsiveness; AP, activator protein; IL, interleukin; iNOS, inducible nitric oxide synthase; NO, nitric oxide; NOS, nitric oxide synthase; STAT, signal transducer and activator of

transcription.
1. Yates. Immunol Cell Biol. 2001;79:178-190. 2. Alving and Malinovschi. Eur Respir Mon. 2010;49:1-31. 3. Mummadi and Hahn. Chest. 2016;149:1340-1344.



The NIOX VERO® Portable Device

*  Currently the only available point-of-care device to measure FeNO

* Appropriate for patients 27 years of age

* Easy-to-follow, on-screen guidance

* 10 seconds of active patient participation with a moderate exhalation (50
mL/sec)

* Results available in approximately 1 minute

M

Empty lungs Inhale deeply Exhale through View results on
through disposable filter screen in
disposable filter for 10 seconds approximately
60 seconds

* Unlike PFTs, a result cannot be affected by patient effort

* If the patient exhales outside of range (high/low), no result is delivered, and the
test can quickly be restarted






FeNO Interpretation!

INTERMEDIATE/

LOW FeNO level HIGH FeNO level

INCREASING FeNO level*

<25 ppb in adults 25-50 ppb in adults >50 ppb in adults
<20 ppbin children 20-35 ppb in children >35 ppb in children

Eosinophilic inflammation

less likely Eosinophilic inflammation likely

Cautious interpretation;
based on clinical judgment, consider initiating
trial of or increasing ICS therapy/adherence and
monitor change in FeNO levels

Symptomatic patients likely to
benefit from trial or increase in
ICS/anti-Th2 therapy;
investigate allergen exposure

Symptomatic’ patients unlikely to
benefit from trial of or additional
ICS therapy; consider other possible
etiologies*

FeNO, fractional exhaled nitric oxide; GERD, gastroesophageal reflux disease.

*Increasing defined as >40% increase from previous stable FeNO level. "Chronic cough and/or wheeze and/or shortness of breath for >6 weeks.
*For example, rhinosinusitis, bronchiectasis, primary ciliary dyskinesia, anxiety-hyperventilation, cardiac disease, GERD, or vocal cord dysfunction.
1. Dweik et al. Am J Respir Crit Care Med. 2011;184:602-615.
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Exhaled nitric oxide levels to guide treatment for children

with asthma (Review)

ABSTRACT
Background

Asthma guidelines aim o guide health practivoners 1o optimise treatment for patients to minimise symptoms, improve or maintain
good lung function, and prevent acute exacerbations. The principle of asthma guidclines is based on a step-up or step-down regimen
of asthma medications o maximise health using minimum doses, Fractional exhaled nitric oxide (FeNO) is a marker of cosinophilic
inflammation and tailoring asthma medications in accordance to airway cosinophilic levels may improve asthma outcomes such as
indices of control or reduce exacerbations, or both.

Objectives

To evaluate the efficacy of tailoring asthma interventions based on fractional exhaled niric oxide (FeNO), in comparison to not using
FeNO, that is, management based on clinical symproms (with or without spirometry/peak flow) or asthma guidelines (or both), for
asthma-related outcomes in children.

Scarch methods

We scarched the Cochrane Airways Group Specialised Register of Trials, the Cochrane Central Register of Controlled Trials (CEN-
TRAL), MEDLINE, Embase and reference lists of articles. The last scarches were in June 2016.

Selection criteria

All randomised controlled trials (RCTs) comparing adjustment of asthma medications based on FeNO levels compared to those not
using FeNO, that is, management based on dinical symptoms or asthma guidelines (or both) involving children.

Data collection and analysis

We reviewed results of scarches against predetermined criteria for inclusion. Two review authors independently selected relevant studics,
assessed trial quality and extracted data. We contacted study authors for further information with responses provided from three,



Main results

The review incdluded nine studies; these studies differed in a varicty of ways induding definiton of asthma exacerbations, FeNO cut-
off levels used (12 parts per billion (ppb) 1o 30 ppb), the way in which FeNO was used 1o adjust therapy and duration of soudy (6 10
12 months). OF 1426 children randomised, 1329 completed the studies. The incdlusion criteria for the partcipants in cach study varied
but all had a diapnosis of asthma. There was a sipnificant difference in the number of children having one or more asthma exacerbations
over the study period, they were significantdy lower in the FeNO group in comparison o the control group (odds ratio (OR) 0,58,
95% confidence interval (CI) 0.45 w 0.75; 1279 partcipants; 8 soudies). The number needed w wear for an additional beneficial
outcome (NNTB) over 52 weeks was 9 (95% CI 6 o 15). There was no difference berween rh:gruupsuﬂ:rmcunpuugumhﬂ:m
rates (mean difference (MD) -0.37, 95% CI -0.8 to 0.06; 736 participants; 4 studics; 12 = 67%). The number of children in the FeNO
group requiring oral corticosteroid courses was lower in comparison o the dhildren in the conwol group (OR 0,63, 95% Cl 0.48
to 0.83; 1169 parncipants; 7 studics; 2= %), There was no EI‘J.I‘.'I.E!:IC.'!J.["IF iigl:u'flc.'m[ difference between the Froups for exacerbanions
requiring hospitalisation (OR 0.75, 95% CI (.41 o 1.36; 1110 participants; 6 studics; I < 09%). There were no significant differences
berween the groups for any of dhe secondary ourcomes (forced expiratory volume in one second (FEV) ). FeNO levels, sympuom scores
or inhaled corticosteroid doses ar final visit). The included studies recorded no adverse events.

Three studies had inadequarte blinding and were thus considered to have a high risk of bias. However, when these studies were removed
in subgroup analysis, the difference between the groups for the primary cacome (exacerbations) remained statistically significant. The
GRADE quality of the evidence ranged from moderate (for the outcome "Number of participants who had one or more exacerbations
over the study period’) to very low (for the outcome "Exacerbation rares’), based on lack of blinding, staistical heterogencity and
I recision.

Authors’ conclusions

In this updared review with five new included studics, tailoring aschma medications based on FeNO levels (in comparison with primarily
puideline management) sipnilicamtly decreased the number of children who had one or more exacerbations over the study period b

did not impact on the day-to-day clinical symproms or inhaled corticosteroid doses. Therefore, the use of FeNO 1o guide asthma
therapy in children may be beneficial in a subser of children, it cannon be universally recommended for all children with asthma.

Further RCTs need o be conducted and these should encompass different asthma severities, different settings including primary care
and less affluent setrings, and consider different FeNO cut-offs,

Citation: Petsky HL, Kew KM, Chang AB. Exhaled nitric oxide levels to puide treatment for children with asthma. Cocbnane Database
of Syitemmatic Reviews 2016, Issue 11, Are, No.: CDO11439. DOL: L1002 14651 858.CD011439 pub2.



Summary of Petsky et al. Meta-analysis

+

Included 9 studies conducted among children
1,426 patients were randomized
1,329 completed the study

Odds of reducing asthma exacerbations (# of patients with >1
exacerbation) using FeNO vs. symptoms-based approach

Odds ratio (OR) = 0.58 (95% (I, 0.45-0.75)

Number Needed to Benefit (NNTB) in one year = 9 (95% CI,
6-15)

FeNO-aided management significantly reduced asthma
exacerbations compared to a guidelines-only based approach




Exhaled nitric oxide reflects asthma severity and asthma control

Claudia Delgado-Corcoran, MD, MPH, FAAP; Niranjan Kissoon, MD, CPE, FAAP, FCCM, FRCPC;
Suzanne P. Murphy, PhD; Laurie J. Duckworth, RN, BSN, CCRC

Introduction: This study was undertaken to a) evaluate
whether exhaled nitric oxide (fraction of exhaled nitric oxide
[Feno]) levels are reflective of asthma severity in concordance
with the National Asthma Education and Prevention Program
categorization and b) determine the usefulness of Feno using the
single-breath exhalation technique for monitoring asthma control
and compliance with steroid treatment.

Methods: Thirty patients with asthma (7—17 yrs old; 14 males
and 16 females) that was mild (n = 8), moderate (n = 17), or
severe (n = 5) were included in the study. Fifteen patients were
seen on more than one occasion for a total of 53 visits. Informa-
tion obtained at each visit included asthma symptoms, [f-ago-
nists and corticosteroids use, compliance to steroids, and forced
expiratory volume in 1 sec (Fev,) and Feno measurements. Asthma
control was judged by a pulmonologist based on overall evalua-
tion of symptoms, Fev, measurements, and the frequency of
[-agonists use at each visit.

Resufts: The mean = so Feno was significantly different in the
mild, moderate, and severe asthma categories (30 =+ 12, 65 = 48,
104 + 68, respectively; F, g = 6.02 p = .005). Feno was signif-
icantly correlated with asthma severity (r = 44, p = .001),
compliance (r = —.75, p = .001), and control (r = —51, p =
J001). There were no statistically significant differences between
asthma severity and compliance or Fev,.

Discussion: Our data suggest that a) Feno may be a practical
tool to evaluate asthma severity and asthma control over time and
b) Feno may be used as a marker of compliance with steroids even
when Fev; has nol decreased significantly. (Pediatr Crit Care Med
2004; 5:48-52)

Kevy Worps: exhaled nitric oxide; asthma; asthma severity;
asthma categorization; inflammation

Pediatric Critical Care Medicine, 2004; Vol. 5, No. 1: 48 - 52



Examined Utility of FeNO for monitoring ICS treatment
adherence in 30 children (aged 7-17 years) with asthma

FeNO (ppb)

W Good adherence (n=21)

Moderate adherence (n=9)

M Poor adherence (n=11)
FEV, (% predicted)

m No steroids (n=12)
I 20 40 60 80 100 120 140 160 180 200
Mean £ SD

* Mean FeNO levels were significantly reduced in patients with good ICS adherence*"

* FEV,levels were not substantially differentamong adherence groups

FeNQ, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; ppb, parts per billion.
*Adherence determined by calculating number of doses per day and number prescribed. Good, moderate, and poor adherence defined as >75% adherence, 50% to 75%

adherence, and <49% adherence to prescribed medication, respectively. ‘Compared with patients with poor (P=0.001) and moderate (P=0.013) adherence.
1. Delgado-Corcoran et al. Pediatr Crit Care Med. 2004;5:48-52.



Table 2. Feno and Fevy vi. compliance with steroid treatment (mean = snj

Compliance Category
Poor Moderale oo Mo Sleroids
m=11) n =4 in=21) n=12)

Fevy, % predicted Bh82 + 1220 TH24 = 2047 B0 = 1552 .29 + .56
Fexo, ppb 130,30 = 53,16 Q.37 = 47.39 .65 + 22.25° A0.76 = 2836

= 001 compared with poor and good; ®p = 013 compared with moderate and pood.
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Squares, severe asthma: circdes, moderate asthma: popd, parts per billion. percentage compliance.



Benefits of Routine FeNO Monitoring

Guide and optimize

/ T \
Reveal if a patient :
will benefit from Detect and improve
ICS treatment adherence

S

Reduce exacerbations
by up to 50%
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Remote Electronic Sensors



Rationale for Remote Electronic Sensors

Adherence to ICS therapy is frequently low (< 50%)

Suboptimal adherence undermines therapy effectiveness, results in greater
morbidity & more frequent HC visits

Asthma management guidelines recommend that clinicians monitor &
stimulate ICS medication adherence

Clinicians do not detect ICS non-adherence at rates that exceed those
predicted by chance alone

Parent/school reports, treatment diaries, questionnaires, canister weight,
and pill counts all over-estimate adherence

Most methods fail to detect ‘dumping’, ‘white coat effect’, ‘drug holidays’

Remote electronic monitoring the most objective and empirical way to
measure ICS adherence

Being informant-free & non-intrusive, remote e-sensors capture “real time”
adherence, regardless of who administers the medication



Typical Components of E-monitoring System

+

o Bluetooth-enabled ‘smart’ e-sensor attached to all
the inhalers (rescue & maintenance)

a Smartphone-based mobile application synced with
e-sensor and remote cloud-based server

o + Miniature digital spirometer/spacer
o + Digital hygrometer or ‘air quality” monitor

a Unigque ‘dashboards’ for child/parent, pediatrician,
case manager, school nurse, asthma educator,
respiratory therapist, home ‘visitor’




Propeller Health Smart Sensors
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‘_h How Propeller Sensor Works

https://youtu.be/iqgZ7bWPPRDzs



https://youtu.be/iq7bWPPRDzs

Feasibility of Deploying Inhaler Sensors to Identify the Impacts
of Environmental Triggers and Built Environment Factors on Asthma
Short-Acting Bronchodilator Use

Jason G. Su,” Meredith A. Barrett.? Kelly Henderson,2 Olivier Humblet? Ted Smith,? James W. Sublett,?
LaQuandra Nesbitt,5 Chris Hogg.2 David Van Sickle2¢ and James L. Sublett?

BackcrOUND: Epidemiological asthma research has relied upon self-reported symptoms or
healthcare utilization data, and used the residential address as the primary location for exposure.
These data sources can be temporally limited, spatially aggregated, subjective, and burdensome for
the patient to collect.

OBjECTIVES: First, we aimed to test the feasibility of collecting rescoe inhaler use data in space—time
using electronic sensors, Second, we aimed to evaluate whether these data have the potential 1o
identify environmental triggers and built environment factors associated with rescue inhaler use and
to determine whether these findings would be consistent with the existing literature.

MEeTHODS: We ntilized zero-truncated nepative binomial modeds to identify trippers associated with
inhaler use, and implemented three sensitivity analyses to validate our findings.

ResuLTS: Electronic sensors fitted on metered dose inhalers tracked 5,660 rescoe inhaler use events
in space and time for 140 participants from 13 June 2012 1o 28 February 2014. We found that the
inhaler sensors were feasible in passively collecting objective rescoe inhaler use data. We identified
several environmental triggers with a positive and sipnificant association with inhaler use, including:
AQL PM g, weed pollen, and mold. Conversely, the spatial distribution of tree cover demonstrated
a negative and significant association with inhaler use.

Concrusions: Utilizing a sensor to capture the signal of rescoe inhaler use in space—time offered a
passive and objective signal of asthma activity. This approach enabled detailed analyses to identily
environmental triggers and built environment Factors that are associated with asthma symptoms
beyond the residential address. The application of these new technologies has the potential to
improve our surveillance and undemstanding of asthma.

CITATION: Su |G, Barrett MA, Henderson K, Humblet O, Smith T, Sublett ['W, Nesbint L. Hogg C,
Van Sickle I}, Sublett JL. 2017. Feasibility of deploying inhaler sensors to identify the impacts of
environmental trigpers and built environment factors on asthma short-acting bronchodilator use.
Environ Health Perspect 125:254-261; hip://dx.doi.org/10.128%/EHP266

Environmental Health Perspectives, 2017; Volume 125 (2): 254 - 261



Ann Allergy Asthma Immuanol 119 (2017) 415—421 Anncls

Effect of a mobile health, sensor-driven asthma management platform
on asthma control

Meredith A. Barrett, PhD*; Olivier Humblet, ScD*; Justine E. Marcus, BA'; Kelly Henderson, MPH*;
Ted Smith, PhD*; Nemr Eid, MD*; ). Wesley Sublett, MD, MPH I- Andrew Renda, MD, MPH ¥:
LaQuandra Nesbitt, MD, MPH *-=*; David Van Sickle, PhD '-*'; David Stempel, MD*; James L. Sublett, MD |

ABSTRACT

Backgrownd: Asthma inflicis a significant health and economic burden in the United States. Self-
management approaches to monitoring and treatment can be burdensome for patients,
Ohjective: To assess the effect of a digital health management program on asthima outcomes,
Methods: Residents of Louisville, Kentucky, with asthma were enrolled in a single-arm pilot study, Partic-
ipants received electronic inhaler sensors that tracked the time, frequency, and location of short-acting
B-agonist (SABA) use, After a 30-day baseline period during which reference medication use was recorded
by the zensors, participants received access to a digital health intervention designed to enhance
seli-management. Changes in outcomes, including mean daily SABA use, symplom-free days, and asthima
control status, were comparsd among the initial 30-day baseline period and all subsequent months of the
intervention using mixed-model logistic regressions and y* tests.
Results: The mean number of SABA events per participant per day was 0944 durng the control perod and 0227
alter the first month of the mtervention, a 398 redoction. The percentage of symplom-free days was 773
during the haseline period and 86X after the first month, a 12% improvement. Improvement was observed
throughout the study; each intervention month demonstrated significantly lower SABA use and hizher
sympiom-free days than the baseline month (P <= 001 L. Sixby-nine percent had well-controlled asthma duoring:
the baseline perind, 67% during the first month of the intervention. Each intervention month demonstrated
significantly higher percentages than the baseline month (P - 001 ), except for month 1 (P - 800,
Comclusion: A digital health asthima management intervention demonstrated significant reductions in SABA
use, increased number of symplom-free days, and improvements in asthma control.
Trial Registration: Clinicallrials gov Identifier: NCTO2162576,

@ 2017 American College of Allergy, Asthma & Immunclogy, Published by Elsevier Inc. All rights reserved,
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Figure 2. Mean short-acting #-agonist use per active participant per day of the program, ageregated by month, with error bars representing 1 SD.
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Figure 4, Percentage of paricipants with well-controlled, not well-contmlled, and
poorly controlled asthma, aggregated by study month,



Merchant et al World Allergy Ovganization Journal (2018) 11:28

hittps//doi.org/10.1186/540413-018-0200-0 World Allergy

Organization Journal

Impact of a digital health intervention on B BMC
asthma resource utilization

Rajan Merchant', Stanley ). Szefler’, Bruce G. Bender’, Michael Tuffli*, Meredith A. Barrett”, Rahul Gondalia® @,
Leanne Kaye®, David Van Sickle® and David A. Stempel®

Abstract

Digital health interventions have been assodiated with reduced rescue inhaler use and improved controller
medication adherence. This quality improvement project assessed the benefit of these interventions on asthma-
refated healthcare utilizations, including hospitalizations, emergency department (ED) utilization and outpatient
visits. The intervention consisted of electronic medication monitors (EMMs) that tracked rescue and controller
inhaler medication use, and a digital health platform that presented medication use information and asthma
control status to patients and providers. In 224 study patients, the number of asthma-related ED visits and
combined ED and hospitalization events 365 days pre- to 365 days post-enroliment to the intervention significantly
decreased from 11.6 to 54 visits (p < 0.05) and 134 to 58 events (p < 0.05) per 100 patient-years, respectively. This
digital health intervention was successfully incorporated into routine dinical practice and was associated with lower
rates of asthma-related hospitalizations and ED visits.

Keywords: Telemedicine, Delivery ol health care, Pulmonary medicine, Asthma, Digital health




Table 2 Pre- versus post-erwollment year rates (95% confidence intervals) in asthma-related utilization

Prevereollment Post enrollment Fate Diffesence
Hospitalizations 1B (D5, 46) 04 (00, 25) 1.3 (06, 33)
Emergency department [ED) visits 16 (16 1700 54 (28, 94) 63 (09, 11.6)
£ 1+ Hospitalizations 134 (90, 19.1) S8 (31,92 F6(19,113)

18
I Frosamiman: p =002
Powl-anilimen
134
p=0.04

p=023
18

- ul‘
o

116

MospRalization

ED ED + Hospitalzaton
Agthma-ralated utilization

Fig. 1 Asthma-related utilization rates pre-enroliment (dark gray) and post-enrollment (Jighit gray) in the degatal bealth intensention




Table 3 Inhaler use improvemnents from week 1 1o 52 following
enrollment in the digital health intersention

Wieek 1 Wiek B2 Differenoe Petcent
change
SARA pullsiday (168 (016 052 (95% C) § 769
(.34, 6"
Controller-to-uotal - (066 082 16 [(9%% O R
miecication ratio 025, - 00n*

—
/o= 0



Cohero Health Asthma Care Platform




Patient Preference and Adherence Dove

3 ORIGIMNAL RESEARCH
Feasibility of a novel mHealth management system
to capture and improve medication adherence
among adolescents with asthma

Purpose: Cumrently, 7.1 million children in the United States have asthma. Nonadherence to

Anna Cushing'* daily controller asthma medication is common, leading to more severe symptoms, overuse of
Melissa P Manice'? rescue medication, and increased hospitalizations. The purpose of this study was to develop and
Andrew Ting? evaluate the feasibility and acceptability of 2 novel mealth management system composed
Michael K Parides’ of a sensored device, which is connected to mobile phone app that is designed to monitor and
'Egili':';‘:*:;‘P:Lf:lré'i::'f;'cl:j‘!;'ﬂ" improve asthma medication adherence.

of Medicine at Mount Sinai, lcahn Patients and methods: The asthma management system was designed using well-established

Medical Institute, *CoheroHealth, LLC.  pofyayigral theory. Seven adolescents aged 11-18 years were enrolled and given an adherence
Dvivizion of Pulmonary and Critical

Care, Department of Pediatrics, lcahn  sensor, and four of those also received a mobile phone app with game features and reminders.

Ej::?rluimiﬂ;:at Mount Sinai. Five patients completed the study, and one was lost to follow-up in each group. Mobile app
users and their parents participated in focus groups to assess patient preferences. Feasibility
was assessed by the ability of sensors to capture real-time medication data. Acceptability was
assessed by patient questionnaire and focus group analysis.
Results: Successful upload of real-time data from six of seven inhaler sensors to the HIPAA-
compliant server demonstrates the feasibility of at-home patient monitoring using the sensor
device. All three mobile app users who completed the study reported interest in continued
use of the management system and would recommend the app to friends. Unstructured inter-
views and focus groups revealed that patients felt that the itervention helped their sense of
asthma control.
Conclusion: This study demonstrates the feasibility of using the sensor device to remotely
monitor real-ime medication usage, and user feedback demonstrates the acceptability of the inter-
vention for patient use. The findings provide guidance for the improvement of study design and
technology development. Further research is needed to assess the efficacy of the intervention.
Keywords: asthma control, medication adherence, patient engagement, patient monitoring,
maobile health
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Understanding clinicians' attitudes toward a mobile health strategy to childhood
asthma management: A qualitative study

Jessica P. Hollenbach, PhD, AEC?, Anna Cushing, 8s®, Emilie Melvin, gs®, Bryanna McGowan, Bs,
Michelle M. Cloutier, MDY, and Melissa Manice, PhD, MPH®

*Department of Pediatrics, University of Connecticut School of Medicine, Asthma Center, CT Children's Medical Center, Hartford, CT, USA; Bleahin
school of Medicine at Mount Sinai, CoHero Health, New York, NY, USA; “CoHero Health, New York, NY, USA; 'Department of Pediatrics and
Medicine, University of Connecticut Health Center, Asthma Center, Connecticut Children's Medical Center, Hartford, CT, USA

ABSTRALT

Objectives: Mobile technology for childhood asthma can provide real-time data to enhance care. What
real-time adherence information clinicians want, how they may use it, and if the data meet their clini-
cal needs have not been fully explored. Our goal was to determine whether pediatric primary care and
pulmenary clinicians believe if a sensor-based mobile intervention is useful in caring for patients with
asthma, Methods: We recruited participants from 3urban, primary care and 1 pulmonary practice from
July to September 2015 in Hartford, CT. Forty-one participated in four focus groups, which included
a demonstration of the technology. Participants were probed with open-ended questions on the
type, frequency, and format of inter-visit patient information they found useful. Results: 41 participants
(mean age 49 (H13.7) years) were board-certified clinicians (41% MDs and 20% mid-level practitioners),
practiced medicine on an average of 19 (114) years, were primarily white (59%) and women (/8%). Clin-
icians wanted 1) adherence to prescribed inhaler therapy and 2) data on inhaler technique. Clinicians
wanted it at the time of a scheduled clinic visit but also wanted inter-visit alerts for excessive use of res-
cue therapy. Pulmonologists liked the mobile spirometer's provision of inter-visit lung function data;
pediatricians did not share this view. Concerns with data accuracy were raised due to families who
shared inhalers, access to smartphones, and protection of health information. Conclusions: Overall,
clinicians view an asthma mobile health technology as enhancing the patient-centered medical home,
Pediatric primary care clinicians and pulmonologists want different information from a mabile app.



Key Findings from Hollenbach et a/ Focus Group Study

= Key benefit of mHealth platform is real-time adherence data
that can be pushed directly into the HER

= Data can be viewed either during a scheduled clinic visit or
after a customizable, patient-specific threshold is met

= Ability of app to collect, store, and display long-term data of
seasonal, patient, and practice trends is an educational tool
that could inform quality improvement efforts

= Concerns about data accuracy due to families presumed
inhaler-sharing practices

= Concerns about protecting patient privacy

= mHealth app seen as adding value to clinician’s provision of
high-quality asthma care
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