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Abstract

There is a need for straightforward, novel diagnostic and monitoring technologies to enable the early diagnosis
of COPD and its differentiation from other respiratory diseases, to establish the cause of acute exacerbations
and to monitor disease progression. We sought to establish whether technologies already in development
could potentially address these needs. A systematic horizon scanning review was undertaken to identify
technologies in development from a wide range of commercial and non-commercial sources. Technologies
were restricted to those likely to be available within 18 months, and then evaluated for degree of innovation,
potential for impact, acceptability to users and likelihood of adoption by clinicians and patients with COPD.
Eighty technologies were identified, of which 25 were considered particularly promising. Biomarker tests,
particularly those using sputum or saliva samples and/or available at the point of care, were positively evaluated,
with many offering novel approaches to early diagnosis and to determining the cause for acute exacerbations.
Several wrist-worn devices and smartphone-based spirometers offering the facility for self-monitoring and
early detection of exacerbations were also considered promising. The most promising identified technologies
have the potential to improve COPD care and patient outcomes. Further research and evaluation activities
should be focused on these technologies.
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Introduction could be resolved by technological developments or
novel disease biomarkers.

Several authors have noted limitations in the use
of spirometry to diagnose COPD due to differing

Chronic obstructive pulmonary disease (COPD) is the
third leading cause of death globally and presents a
significant burden to patients, carers and health ser-
vices worldwide."* More than 1.5 million adults are
known to be diagnosed with COPD in England and
Wales, and a further 3 million adults are estimated to " NIHR Horizon Scanning Research & Intelligence Centre,
be living with undiagnosed COPD ># Improving the 7I:Jniversity of Bir.mingham., Edgbaston, Birmingham, UK

. - o The Park Medical Practice, Shepton Mallet, Somerset, UK
care and outcomes for people with COPD is a priority s Department of Respiratory Medicine, Addenbrooke’s Hospital,
for the National Health Service (NHS) in England, Cambridge University Hospitals NHS Foundation Trust,
which aims to reduce premature mortality from Cambridge, UK
respiratory disease, avoid unnecessary hospital

admissions and improve the quality of life and support
P 4 y Pb Derek | Ward, NIHR Horizon Scanning Research & Intelligence

for pa;uents with long-term copdltlons agd _thelr Centre, University of Birmingham, Edgbaston, Birmingham, BI5
carers.” However, several current issues remain in the 27T, Uk,

diagnosis and monitoring of COPD, some of which Email: d.jward@bham.ac.uk
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guidelines as to what constitutes COPD, difficulties in
technique encountered by frail or cognitively
impaired patients, and a lack of awareness and knowl-
edge in primary care leading to delayed diagnosis,
especially in non-smoking subgroups.® In addition,
some commentators have proposed a need for
improved diagnostic criteria where asthma and COPD
coexist, observing that non-specialist clinicians fre-
quently find it difficult to both diagnose and manage
this situation,®!%!! whilst others consider that addi-
tional emphasis should be placed on early detec-
tion.”'*!*> There is an unmet need for simple,
accurate testing approaches that would enable early
diagnosis and differentiation from other respiratory
diseases.'® As part of the ongoing care of COPD,
patient self-monitoring is increasingly being recog-
nized as beneficial, with evidence indicating this may
improve health-related quality of life and the recog-
nition and management of acute exacerbations,'*!?
and self-monitoring is recommended in guidelines
from the National Institute for Health and Care Excel-
lence (NICE).? However, the most effective approach
to self-management in COPD is not known.' Finally,
several commentators identify the need to determine
the cause of acute exacerbations as a research need;
this would allow treatment to be tailored to the under-
lying pathology.'®!” Correspondingly the NICE
Database of Uncertainties about the Effects of Treat-
ments includes questions about the appropriate use of
corticosteroids and antibiotics for the management of
acute exacerbations of COPD.'®'? As only around
half of exacerbations are associated with a bacterial
infection and a only a third of exacerbations demon-
strate eosinophilic inflammation, the use of these
agents may expose many patients to significant
adverse effects and the potential development of anti-
biotic resistance for no apparent benefit.>**! There is
an unmet need for novel diagnostic or monitoring
approaches, particularly those available at the point
of care, to establish the cause of acute exacerbations
and to monitor the progression of the disease.
Horizon scanning systems, or early awareness and
alert systems, aim to identify significant health tech-
nologies prior to launch that may require further
assessment or planning prior to adoption.”*** A hor-
izon scanning review uses systematic methods to
identify, filter, prioritize and present early informa-
tion on all new and emerging technologies relevant to
the area of interest, however, it does not assess the
evidence supporting the identified technologies, vali-
date the claims made about them by developers or

comprehensively evaluate the potential impact they
may have on clinical care.”**> We sought to identify
new and emerging technologies already in develop-
ment for the diagnosis or monitoring of COPD that
could potentially address the unmet research and clin-
ical practice needs identified above, and then use the
views of clinical experts and patients with COPD to
establish which of these technologies could be con-
sidered the most innovative, acceptable and likely to
make an impact on patients and health services in the
future. This horizon scanning review forms part of the
National Institute for Health Research Horizon Scan-
ning Research and Intelligence Centre work pro-
gramme. The full report is available on the Centre’s
website (http://www.hsric.nihr.ac.uk/news/what-
does-the-future-hold-for-copd-diagnostic-and-moni-
toring-technologies/) and will be used to inform
healthcare policymakers, commissioners, researchers,
research funders, clinicians and patients about new
technologies ‘on the horizon’ for the management of
COPD. Ethical approval was obtained from the Uni-
versity of Birmingham’s Internal Ethical Review
Committee (reference: IERC2014-5/C1/SF/07).

Methods
Identification and filtration of technologies

Between January and March 2015, potential technol-
ogies for the diagnosis and monitoring of COPD were
identified by searching relevant online databases and
other websites (Table 1) using pre-specified search
terms (Table 2) and eliciting suggestions from clinical
experts. Initial search findings were filtered to include
only those technologies which were new (already
licensed/CE marked or launched in the United
Kingdom for <24 months — in the launch, early
post-marketing or early diffusion phase) or emerging
(in development and expected to be licensed/CE
marked in the next 18 months — in late phase clinical
trials, prelaunch or pre-marketing phase), and results
were further prioritized to include only those technol-
ogies that demonstrated, or claimed to demonstrate,
some degree of innovation (either a completely novel
technology, with no direct comparators already mar-
keted, or a significant development from existing
marketed products).

External input

Clinical experts and patients with COPD were
recruited as expert external advisors to the review.
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Table I. Search protocol — pre-specified identification sources.

Source name

Website link

Published medical literature
Medline & Medline in Progress, & EMBASE
PubMed.gov
The Cochrane Library
ZETOC British Library Database
HTA agencies
AHRQ Healthcare Horizon Scanning System

CADTH

ECRI Institute

EuroScan International Network

NIHR Horizon Scanning Research &
Intelligence Centre database

Accessed via http://www.elibrary.bham.ac.uk/
http://www.ncbi.nlm.nih.gov/pubmed
http://www.cochranelibrary.com/
http://zetoc.mimas.ac.uk/

Status update reports and potential high impact reports via http:/
www.effectivehealthcare.ahrq.gov/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productid=88|

http://www.cadth.ca

http://lwww.ecri.org

http://euroscan.org.uk/

http://www.hsric.nihr.ac.uk/

Clinical trial registries and research funding databases

ClinicalTrials.gov

COPD clinical research network

Current-controlled trials

MRC-funded research

NIHR Biomedical Research Centres and
Units annual dataset (2014)

NIHR Evaluation Trials and Studies Project
portfolio

UKCRN portfolio database

World Health Organization International
Clinical Trials Registry Platform

http://clinicaltrials.gov/

http://www.copdcrn.org/
http://www.controlled-trials.com/
http://www.mrc.ac.uk/research/funded-research/
Not applicable

http://www.nets.nihr.ac.uk/
projects?collection=netscc&meta_P_sand=Project

http://public.ukern.org.uk/search/

http://www.who.int/ictrp/en/

Specialist media and commercial research and development databases

AdvamedSmartbrief
Clinica
Fierce Devices
GlobalData Medical
MedGadget
Medical News Today
Regulatory authorities
USFDA approvals
Specialist journals
American Journal of Respiratory and Critical
Care Medicine
COPD: Journal of Chronic Pulmonary
Obstructive Disease
European Respiratory Journal
Expert Reviews of Respiratory Medicine
International Journal of Chronic Obstructive
Pulmonary Disease
Thorax
Professional and patient groups
American Thoracic Society
British Lung Foundation
British Thoracic Society
COPD Foundation
European Lung foundation
European Respiratory Society
Primary Care Respiratory Society
Royal College of Physicians

https://www?2.smartbrief.com/news/ADVAMED/index.jsp
http://www.clinica.co.uk/

http://www fiercemedicaldevices.com/
http://globaldata.com/medical/Login.aspx!ReturnUrl=%2fmedical
http://www.medgadget.com/
http://www.medicalnewstoday.com/

http://www.fda.gov/newsevents/productsapprovals/default.htm
http://www.atsjournals.org/journal/ajrccm
http://informahealthcare.com/loi/cop

http://erj.ersjournals.com/

http://informahealthcare.com/loi/erx

http://www.dovepress.com/international-journal-of-chronic-obstructive-
pulmonary-disease-journal

http://thorax.bmj.com/

http://www.thoracic.org/
http://www.blf.org.uk/Home
https://www.brit-thoracic.org.uk/
http://www.copdfoundation.org/
http://www.europeanlung.org/en/
http://www.ersnet.org/
http://www.pcrs-uk.org/
https://www.rcplondon.ac.uk/
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Table 2. Search protocol — pre-specified search terms.

Condition and
synonyms

Chronic obstructive pulmonary disease
COPD

Chronic obstructive airways disease
COAD

Chronic obstructive lung disease
Chronic obstructive respiratory disease
Chronic airflow limitation

Emphysema

Chronic bronchitis

Diagnosis

Recognition

Detection

Identification

Test

Point-of-care test

Monitoring

Surveillance

Review

New

Emerging

Diagnosis

Monitoring

Timeframe

Clinical experts were identified from initial scoping
and literature searches and the NICE COPD guideline
development and review panel. Fifteen clinical
experts were contacted via email and asked to act as
review advisors, five of whom subsequently agreed,
resulting in an expert panel comprising consultant
respiratory physicians, a general practitioner with a
special interest in respiratory disease and a clinical
nurse specialist. Clinical experts were emailed the
table of identified technologies and asked to provide
their views on each technology’s level of innovation,
potential for impact (on patients and the delivery of
health services), potential barriers to adoption and any
further comments. They were also asked to identify
any additional relevant technologies or relevant
research they were aware of that had not already been
identified.

Patients with COPD were identified from the
patient advisory group to the existing Birmingham
Lung Improvement StudieS (BLISS) research pro-
gramme.*® Members of the group were approached
using a standard email or letter informing them of the
review and inviting them to participate. Three patients
subsequently agreed and were sent the table of iden-
tified technologies and asked to provide their views
on each technology’s level of innovation, potential for
impact (on patients and the delivery of health ser-
vices) and acceptability to users, along with any fur-
ther comments.

Review output

All identified new and emerging technologies for the
diagnosis or monitoring of COPD were included in
the final report. Clinical expert and patient views were
used to identify those technologies that were consi-
dered to demonstrate a high degree of innovation
and/or a significant potential for impact and adoption
by the NHS in England.

Results

Eighty new and emerging technologies for the diagnosis
and monitoring of COPD were identified (Table 3,
Figure 1). These included 31 biomarkers, 21 telehealth
technologies, 6 wearable technologies, 6 imaging tech-
nologies, 4 vital sign monitors, 4 questionnaires, 3 spi-
rometers and 5 additional other technologies. Clinical
experts and patients provided comments on all identi-
fied technologies, providing useful insights into the
innovativeness, potential impact, stage of development
and probable timeframe for each technology. Of the
technologies identified, 25 (31.3%) were considered
particularly promising, demonstrating a high degree of
innovation and with a significant potential for impact
and adoption by the NHS according to expert and
patient comments (Table 4).

Wearable technologies

All identified wearable technologies were intended to
monitor stable COPD through devices worn either
across the chest or on the wrist. Whilst devices mon-
itoring respiratory rate, wheeze, blood oxygenation
and/or temperature are already available, several new
technologies enabled self-monitoring at home with
remote access by clinicians, though the feasibility of
multiple clinicians interpreting large volumes of
recorded data was questioned. Patients commented
that users may be unwilling to wear a ‘cumbersome’
looking device and were concerned about ‘having the
restriction of a band around [their] chest’. The wrist-
based pulse oximeter and BuddyWOTCH devices
could offer alternatives to existing fingertip devices,
providing continuous monitoring without limiting
movement of the user’s hands. In addition, Buddy-
WOTCH captures physical activity, temperature and
heart rate. Both technologies were considered promis-
ing, with patients keen to try a more compact, watch
style device. Experts considered them ‘potentially
useful . . . for longer term monitoring . . . in vulnerable
groups...[and] for pulmonary rehabilitation’.

Downloaded from crd.sagepub.com at UNIV OF BIRMINGHAM on March 14, 2016


http://crd.sagepub.com/

(panunuod)

‘len sisaypodAy jo 1sa |
*Apnas 1dasu0> jo jooud

‘Al @seyd

‘lern sisaypodAy jo 1sa |

“(Apms 35dI7D3) [ewn sisaypodAy jo asa )
‘|]ool juswdojarsp

8nup mau e se usdoulqy ewseld Joy
Va4 aYa 01 paniwgns adexded uonesylend

"810C AJen.qgay
ur et ysijgnd 03 anp ‘4| o A aduls [ew3 uj

‘lewa Anjiqisesynopid y

"Apms AdOD :Lv3d

‘919|dwod sjeln 10|14
S10T
JO pua a3 Aq SJ933UN|OA 153 €I9q pUE
sJaulied [ed1uld SHN ©3 Jun uononpoud
1841} S31 JSAISP 03 spudaul Auedwod

94l "610¢C 42q032Q Youneg| pajewinnsy

'/ 10T 41990120 Youne| pajewilsy

S10¢
Aq 39>4eW Yoead 03 payewnsy ‘Suipuad jusley

"BUUSIA ‘lUNPSL 2B A1a3ung
Jo Jusunaeds ANSI9AIUN
“jod3ueg
‘leudsoH 1pogiyrewey
“JeWwURq ‘[eadsoH deqoH
SJewusq ‘JeudsoH
AusaaAaiun uadeyuador)

21d (ISD) suIpyIWSOXE|DH

VSN ‘Apniuay jo AisasAlun
MN ‘Ausseaun Yipaed
N ‘[eudsoH yieqezi3 ussnd
N ‘[endsoH pRYus|D

N ‘y3anquipg

Jo Ausasaun ‘Sunndwon
papj2adsg Joy a.aus>

N “pr] Bindasy
VSN “2u| ‘sa13ojouyda | 1Sy

‘[o®JS| “P37 [BIP3LY BUOUXO

'S1591 uonduNny
8un| Aq a|qe32339p sI U 24029 AdOD

AJJea jo sisoudelp ay3 40} 1593 JdjJewolg
‘uopequadexs qdoD

® Jo sisouselp 2y J0j 1s3) JadJewolq pidey
‘Jusunea.n

UoNEqJI9IEXd (JdOD 199.Ip 01 1591 JddjJewolg

‘AdOD JO SUOEBGUIDIEXD
Joj} Jo3juow 03 [sued JdJewolq AJoJeWWEY|
'suondipaJd Aeliow
aAo.dwi 03 3ujwie s103oe) aARDIpaJLd
Paysi|qeIsa 03 SJadjJewolq AJojewwepy|

‘uoneqiadexs 4O JO sid paseatoul
Ue & S[enplAIpul AJauSpl 01 1591 Ja)Jewolg
‘AdOD jo suonequadexa ur Suiqriosaid
21101qIIuE 12341p 01 1591 dJed-jo-ulod pidey
‘uolssaJdoud jo s 38 qdOD Al4es Yam
sjuaned JO UOIIBDIIIUSPI BY3 IO} JddJewolg

'suoneqJadexs qdooD Sulnp
Adeaay) p10121s0d1I0D 12241p 01 JdjJeWOlg

“JolUOW JUSWSAOW
pue uopIEeJIdSaU SSI[DIIM ‘DAISBAUI-UON]|
"21eU3Jeay
pue (spinbi| pue pooj ‘uonesipaw
Jo aunyded a3ewi) spIuocayd ‘@unjesadwa)
‘uoneuadAxo ‘Supjjem jo 3ulioluow
Swoy J0j PapUIU| YDIBMILIBWS S|GBIBIAA
‘2w [eauJ ul A[930wau sudis [eIIA pue AJIAIDE
da3s 3undalep 231A9p SulIOIUOW SSDIBUIAA

*J1939WIX0 3s|Nd ‘UJOM ISIIM ‘SSIJRIIAA

Jayewolq
/T uaoud ypoys eaH

uluolidjedodd wnaag

125d

sJajJeWoOlq

AJ4o3BWIWEUI JUNOD
914005n9| pue uadouliqy ‘dyYd

[oued JadJewolq AlojeWwWEjU|

JovJewolq usadouliqy ewse|d
1591 aJed-jo-ulod dyYd

sJ9yjJeWOIq

3unod |iydouisos poojg pooig

oadg3y

HDLOMAPPNG
a4eD|ISIA

Ja32wixo as|nd paseq-islIAA

'S107 Aely Youne| pajewnsy ‘|oeJs| “pa] 9zaaug deaQq 9328l SuliolluoW oWy swoy@)szes.g
‘y3nod pue 9zaaym 3up|ded) Jo} sa13ojouyd9)
‘paroudde yq4 padew 3D ‘|o®JS| P17 BOUOS!  Papualul ADIASP [eSIp AJolRINqWE UNOY T J91OHAA 9|qeJBIAA
juswdojaAsp jo a8erg Jadojereq uondiuosap joug aweu A3ojouyds | adky
A3ojouyda ]

"M3IASJ B3 AqQ pallauapl saiojouyda ] g djqeL

Downloaded from crd.sagepub.com at UNIV OF BIRMINGHAM on March 14, 2016


http://crd.sagepub.com/

(panunuod)

‘AdOD ul asn 4oy A3ojouydal Sunsixa SN ‘adod jo
ays jo uonedijdde Joy |ela3 Ul Apualind) P37 [eUOnBUJIU| SDJJel Suliojuow pue sisoudelp ay3 Joj Is3) Yeadg SDOA P3leYx3
‘adOD jo sisoudelp sJaJewolq
‘910¢ Mdy youne| pajewnsy ‘A'g sansoudelq JyX ay3 Joj papuaiul Aesse dp3souselpounwiw] Aessy ansoudeiq DOA Yreaug
N ‘@Jysployels ‘AdOD Jo uoneqJadexa sJaJeWoOIq
3doouod Jo 31s9]  Y1IoN JO [ealdSOH AMSJSAIUM UE JO UONDSISP SY3 J0) JdJewolq Sulloluo| 1Dd PUe dyD ®AljES
N ‘@Jysployels sJaJewWwolq
‘[ers Ajiqiseayiofld  YaJoN jo [eadsoH AlsaaAlun “sisouSelp QdOD 404 JOSuasolq d.4ed-j0-3ulod 20dSAdoOD BAI|ES
‘AdOD Joruow pue asoudelp 01
‘|ersy uonepifea adJe N ‘s21uod4|ny Adodsourdads padeayur Suish ad1ASp plaYypuUeH Surioyiuow Y|l 4
‘puejuly dejaro TVON PUE OdiW ‘IDVHS
*Apnis 3deduod jo jooud ‘DluIs]oH jo AIsIBAIUN BWYISY-JdOD dsouselp o1 [aued uadJewolg ‘V-dS :[oued uadjewolg
‘uonIedIpul sIy3 Joj pasn AjpusJand ‘sisoudelp QdOD 0} JdjJewolq SAISeAUl
J0U S| Inq 3|qe|ieae Apeadfe si A3ojouyda | VSN ‘siuswnuIsu| | -uou pue ssaddk 03 Ased ‘pided 3S02-MmoT A3ojoays wnndg
"UOIIBQJDDEXd UB JO SUJUJBM SDUBAPE
apiaouad o3 susdoyied Auojedidsad auju jo sJayJewolq
‘s|ela ||| @seyd SN “p¥1 ®jndasy  A1AnRdE JO [9A9] 9Y3 Su3d919p 193 SN SWOH 3533 wnmnds asn saWoH wnindg

‘AdOD Jo UoNeqJaIEXd
Ue JO 3SNED 9l SUIW.IAISP O3 JddJewolq

*Apnis 1daduod jo jooud ‘|]ooyds [e21pay susyly 9AIID9Y9-1SOD pue d|qe|leA. A[PpIM yy  oned a140oydwA|/iydonnan
‘uoleqIadexd

‘“Apmis 3daou0D Jo jooud “elpu| ‘98310 [BIIPII'SYH'N AdOD ¢ jo sisouSelp ay3 Joj Jddjdewolg JadJewolg apiydins usSoupAH
‘AdOD JO UonEBqIIIEXd

‘Apnas 1doouod Jo 159]  "9399.5) ‘SUSYIY JO AUSJSAIUM U JO uondipald syl 4o} J9XJBWOIQ 1SOI-MOT J9yJewolq pIde dlIN WNIag
-Aouspysp uisdAnnue-|-w jo sisoudelp

"padIEW IO ‘uredg ‘sjouo 3Y3 JO} POpUIIU| ADIASP BJBI-JO-IUIOd  IDIAR UIRDPPINDINEYd]Y
adod

‘9107 Aely Ydune| pajewnnsy ySn ‘OpedojoD) jo AsJaAlun “J4addewolq disoudodd pue dnsoudelp QdOD — Aeddy usdnuy Apoqnueoiny
Jaxjaewolq (|
10328} 93ueydXg SpRO3PNU

‘9107 A®l4 Youne| pajewnsy VSN ‘uswiua aadjJewolq onsoudoud pue onsoudelp AdOD auiuensd ory) [43OHYY
sJdjJewolq uixadowsey pue
‘8107 A4enuef uiwse|jdojnuad ‘uiqoj3oidey

youne| pajewnnsy ‘Apnis 3daduod jo joodd N ‘OISeIMaN Jo AsIBAIUN ‘AdOD 40} JadjJewolq dnsoudeiq ‘uljnqojSoJdew -0
VSN ‘983100 ‘ewasAydwa AjJes yam sJayJewolq

‘el sisayaodAy jo 3sa ] [EDIPS [[BUJOD) [[ISAA  SJSXOWS JO UONEIIIUSPI Yl 40} JddjJewolg apnJedoudiw [elsyropuy

juswdoaAsp jo adersg Jadojpasg uondusap jolug aweu A3ojouyda | adky

A3ojouyda |

(penunuod) ‘¢ sjqe

Downloaded from crd.sagepub.com at UNIV OF BIRMINGHAM on March 14, 2016


http://crd.sagepub.com/

(panunuod)

"Al @seyd

‘[er3 || Sseyq
‘e A3N1qises)/30|1d

‘o3 A3)1qises}/30|1d

S[el || aseyq
‘paroudde yq4

‘padjew D) pue |0 uef paaouadde yq4

‘|eri3 ) @seyd u|

VSN ‘wa3sAg

2JeD) YI[B9H U0ISOg YA

VSN ‘BluJojifed) Jo ANsIaAIuN
"USPAMS ‘swR1sAs oJdluoyd
SN ‘ujodury jo AlsaAlun

VSN U] HOMIBN
UONEDIUNWWODS|3] [BNSIA

VSN “DT1 ‘wodoipaed

VSN 192UU0)) dJ3)Y

‘uonesodio?) [21u|

‘sjuaned [9sunod
pUE 91BONP3 ‘JOJIUOW UBD JBY) WISAS

SUOIIBDIUNWWOD3|3) pPaseq-J4aIndwod y

‘as1oJaxa pue swoldwAs

jo 3uioliuow ay3 Suljqeus ddeRIUL Uy

‘8uliolluow

wordwAs Joy 3uljqeus uad [e28ip v

‘swordwiAs

pue sugis [elIA Joj walsAs Suliolluow SWoH
‘uonesnps juaned
Joj pue su3is [edA ‘swoldwAs jo Surioyuow

93 J0O} 921ASP 19|qE ‘USRS Yono |

‘8ulioliuow Juaped Joj papualul AJIAIP
19|qe) SS9|JIM Y1|B3YD|91 SWOY DAIIIBIDIU|
‘f149A3s woydwiAs jo Sulioyuow

92 JO} 93BJI9IUI PUE SDIASP UDUIS UYdNO |

"UOREIIUNWIWOD
Joyop—usned pue Suliojiuow
4o} 9de}J33U1 JUSWSSEURBW BUIjUO

pue 921A9p Juaned SWOY-Ul ‘USBIIS YdNOoI

adoo

—J123ndwod payjui-auoydse |
(wea3ouy
Juswageuew-§os eaoudsAq

paseq-1auau]) dWSQ-!

Areiq yaesHe
wia3sAs
3uonuow gIWOYHD

Jojluol
Ya[esH SWOH 00%.L J9ZIAPSIW

X34 JOpUBWIWOD

SurTaWoHaJIs)yY

0009SHd SPINS WYedH 4 [93y]

VSN “OT1 ‘uopednpa juaned sai3ojouydal
"1 10T A®ly 93P Ydune| pajewnnsy suopeAOuU| 34D JD)-[9U] pue 3uliolluoOW Sy J40j 9JBISIUI BUIjUQ apIN) suoneAouu| aJe) Yesysp L
"PUB[IDZIIMSG 'suolIeq.adexa (qdoo jo sisouselp sJayJewolq aeydins
"Apnis 3dasuod jo jooud ‘|oseg [endsoH AsaaAlun 2yl Joj JadjewWolq deJidse [elyouodg  uleday pue pide dluouanjeAH
“B1eOJD ‘suopeqJadexa qdOD jo sisouselp Jayewolq
‘Apn3s 3daduod jo joouqd  “|ds jo [eadsoH AsdaAlun a3 Joy Jadjewolq eJidse [eiyduoug aseuado.pAysp a1e1de-1
"elIsny *AdOD jo sisouselp .o} papuaiul adod - sJaJewolq
'/ 107 Aely Youne| pajewnsy ‘DY SIdUIIDS Yl saleudolg  ABSSE paseq—JadjJewolq anssi Jo pinj Apog Aessy JaJewolg dIWOojoqeId)y BETe)
"L10T Y2BW Youne| SN pajewnsy
'9107 4oqwa33g Yyoune| adoung pajewsy J012339p Ad0OD
‘9107 42qwiaidag dJew 3D pPalewIsy SN “dU| ‘S9dUSIISOlg SID|Y 359) peadq Q4O dnsoudelq  JPRYD, YesHow|nd yieaug
‘AdOD JO uoneqJadexs ainde
ue jo uondipald pue 4O jo sisoudelp 1533 aJed
‘JusawdojaAsp Japun [|13s sI ASojouyda | U] xta3awouidg a3 4oy 159) aJed-jo-juiod aAnIsuas A|YSIH -jo-ulod ,, Wouaxlnswo.idg
|Seds| ‘adoD 0
‘[ew3 []1/11 @seyd ‘213ud)) [e2IP3]Y YessepeH SulIOIUOW puE SISOUSEIP AU JOj 53] Yieddg 39 YIedug UnmddeyIs|y-Dg,
juswdojaAsp jo a8eg Jadojereq uondiuosap jaug aweu A3ojouyds | adhy
A3ojouyda |

(penunuod) *g aqe L

Downloaded from crd.sagepub.com at UNIV OF BIRMINGHAM on March 14, 2016


http://crd.sagepub.com/

(panunuod)

‘9107 AMe pajjeasul aq 01 adAyo304g

M ‘UoNNH UelIg JOSSaj0.d

'9seas|p pIgJowod
Buidynuapt jo Ayjiqissod ayy sey pue
AdOD ui sadueyd Ajues 01 aAnIsuss Suidew|

3uigew| | D3dS 3|!90W

‘ueds ] uo adoo (dew  ssiBojouydan
‘$ 107 Ui @dueaesp (M)01S va4 VSN ‘olqu sadAy gdOD BuisouSelp jo o|qeded auemiyog  dsuodsad dlIBweRd) nlNYd SuiBew|
‘AdOD yim
sjuaned JojjUOW O3 JSPJO Ul pasn WIISAS sawweJ3oad aupIpawsa)
*Apnas 10|14 ‘uredg ‘nxaro8ex ] vYNH QUIDIPAWRa) PAsSE]-123Uly| YOSOI VY paseq-,,329uly| ©YOSOIDI|
'SuUOIIBQJaIeXd
10} J3>}JeW B SE JalIsse|d Y3nod pajewoine
SN -IW3s [9AOU B pue Wa)sAs Suip.Jodad Jayissepd
‘Apnas 10|14 ‘looyds [ed1paly MMOA [INH Ppunos juaique Suisn Sulioliuow y3nod Ajreq y2nod pajewolne-jwag
‘AdOD Yum sausned ul suoneqaadexs
Suiwoodn £jjenuslod jo uondaep
‘£ 107 Al Youne| pajewnsy  "USPAIMSG ‘gy WO [dJeD) A[Jed a3 U0} Papualul WaISAS dIWYILIOS|e uy ASIMIDY-D [ D
‘Sulioziuow
Jossaidwod Jaziingau 10WaJ Joj papusiul
'9107 Yo4®Bl Youne| panewnnsy s “du| saidojouyds | Yv wa3sAs Sulioliuow juanzed paseq-3ouldU| WISAG 329UU0D)-3-Y3BaH
"UOIIBQJ2DEXD
'S107 Ales Jo uonoipaud auopeuayy pue asn 3nip jo
19>ew 03 3uio8 pajewnnsy ‘paroadde yq4 VSN ‘YaesH J9jjododd Surioliuow owad 3uipiaoad Josuss Jajeyu| Jsjeyul uews
VSN ‘AdOD jo uonequadexs ue Jo susis AJued (wo3sAg Suluaepp Alueg
‘punoy sjeLs oN “ou| sa13ojouyda| dinisiiy  dY3 319939p 03 UonN|os SuLIoIUOW J|IqOW Yy dJeD) ANV J[Iqow) SAATD YW
N ‘wes | ‘AdOD Yam sauaned
Auojedidsay pajeddanu| Jojluow 03 aued Asepuodas pue Asewiid
‘$107 W parsdwod Apnis Aljiqisea sJaulIed YIeaH s 3ury| U2aMI3q SOIUID [emiA Adeurjdidsipiinpy SOl [emiA AJojedidsay
‘UOIBUR3AXO poo|q pue
9jeJ JJeay e Jojjuow 03 JdWIXo 3s|nd
‘Apnas 10|14 VSN ‘stoul||] jo AlsaAlun ' yum uondunfuod ui pasn dde suoydiiews y ddy >peuaren
VYsSN ‘uloliuow jusped s30wad Joy papualul
‘9107 Aely Yyoune| pajewnsy "Apnis 10jld  “DTT ‘YIedH 3|IqO|N BInIng wdIsAs uonedijdde auemios pasn Ajpiowad wa)sAg adodgriews
SN ‘Pue -dwwresgoud
‘e 10jid ‘[esdsoH dijjiyd 9dulig Surioyluowa|ay padels-a3ueydsip-1sod 1dvay
swuwres3oud
SN 493590197 "$92UD.43JUOI03PIA JUSIed—3s.4NU/I0100p Juswadeuew-yas patsoddns
‘Apnas Aujiqiseay Jo s[eadsoy AusasAlun Suliayo 211sqam Juswadeuew-yes AdOD Paseq-gaAA :9dedguaiu|
juswdoaAsp jo adersg Jadojpasg uondusap jolug aweu A3ojouyda | adky
A3ojouyda |

(penunuod) ‘¢ sjqe

0

Downloaded from crd.sagepub.com at UNIV OF BIRMINGHAM on March 14, 2016


http://crd.sagepub.com/

(panunuod)

‘[eLa3 uonEpieA

"puUnoy sjel oN

‘¥ 107 49qWISAON] payduneT

'S 107 Youne| paydadxy

"810T Y24 Youne| parewns3

"€10T Wl payoune ‘parouadde y4
‘8107 AJ4enagaq youne

pajewns] ‘sadels uopeplfeA AJeuiwifa.d

‘padjJew 3 pue paroudde yq4

‘Te3 |] oseyq

Apnis 1dsuod jo jooud
‘uonedlpul siy3 1oy pasn
A]PpIm 10U 1nq 9|qe|ieAe A[apim A3ojouyds |

‘e A3Niqises)/30|1d

N ‘[eadsoH
[eJ2USL) BPISAUA] UYIION

VSN ‘orrdsau
‘Ae] ‘(yoJeosay
[euoneuaa3u| [e21p3L) YIW

‘puejod ‘couidgAl

‘|o®as| “Pa7 [B2IP3 4NOISDN|

"VSN “2u] [eIIP3IY UIUON

ARy “Ia's waJdIN

'VYSN “PI7 asuagAlies

VSN YUz
[ed1paly AdsdaAIUN N

‘[9kJs| “p3 @suagoyd]

VSN ‘UaeaH Ysimaf [euoneN

"N ‘Y8inquipg jo Ausasaiun

‘AdOD Jo uoneq.adexs
ue yum pazijendsoy siusned ul
Ajjeraow jo uoidipauad aAndays 194 sjdwis
‘adOD Jo3uow 03 Sujuopisod
pue uonedo| waisAs Suiuonisod [eqo|3
Suizinn ‘us19wouids paseq-auoydiiewsg
‘dde ue 03 A|ssajauIm
Sunoauuod ‘Jarswouids paseqg-suoydiiews

suoydiJews e elA uopduny Sun| siojjuow
Yoiym Jazawouids s|qerod pjaypueH

‘adO> jo Suoyuow

ay3 Joj papua3ul 931Asp Sulioluow
Au4o3ea1dsau SAISBAUI-UOU ‘SNONURUOD Y

‘A3ojouyda) ss|RIIM
1JBWS Ya0019N|g YaIMm Ja1awixo as|nd Jaduly
‘8urioyiuow [easmaul | O ys3noays
934 AJojeuidsad 310919p 01 ADIASP Y
'suoleq.adexs
AdOD JO uoIdI3P 3Y3 .04 ‘3el
1483y pue Auojeuidsau Jo UONINBP dY3 U0}
ssaJunjew e Japun pade|d Josuas ajqesodsiq

‘uojssaJdoud aseas|p

AdOD jo 3uliojuoW 3Y) JO) JUBWISSISSE [Y ||
‘AdOD Jo sisouselp a3 4o} uonew.Iojul
s13aweded 3undeaixs jo ajqeded
ASojouyda) 3uissadoud [eusis pue uajddoq

punose.3jn SuiSew|-Uou pue SAISEAUI-UOU Y/
‘uoneqJadexa qdod

® JO pooyI[a]l] Y3 40} Jojiuow 03 3|qe SuiSew|
‘uolssaudo.d

ase3sIp JO J[slJ JB 3Oy} pue dOD
A|J4es jo sisouZelp a3 jo a|qeded Suidew|

sa13ojouyda)

paseq
wa1sAs 3uliods JyDJg -o4ieuuonsand

Jayswouids suoydiaewsg

@°UO HewS Y|

sa13ojouyd9)
oouldsA Answouidg

as|ng-ouden

JajpwixQ

as|ng 4a3uly OETE IPPOW
WS 20033N|g UILON]

adoD — 1910H AJojedidsay

sa13ojouyd9)

Jojjuow Suloyuow
uoneJidsau pue1Jesy ,, UQIA] usis [eup
I seD

6-2ulion|4 Aq painseal

A1149ASG 109)9(Q UOIIE|NUBA

[euoi3ay Sun uewnH
wa3sAg punosen|n
Jsjddo pas|nd/491ddoq

dliIdWEled dIdBIOYISUR |

sueds | 9 aAneIRuUENd

ueds uoisnpad |

juswdoaasp jo aderg

JadojarsQq

uondussp jolug

aweu A3ojouyda | adky
A3ojouyda |

(penunuod) *¢ sjqe

Downloaded from crd.sagepub.com at UNIV OF BIRMINGHAM on March 14, 2016


http://crd.sagepub.com/

‘uone||luql4 [elIIB pPUB BIWSBPIDY ‘UonEpI|osuo) ‘eluadoulso] ‘edoudsAq :4yDIQ D48D-}O-IuUIod SNUIA Adojedidsay :DOJsaY
{AydesSowoy paindwod :| D ‘A1s13eq sdurw.opad [ed1sAyd 1uoys :gdds ‘uondead ureyd asesswi|od xajdnjnw :ydHdw ‘uonequacexs ‘Supjows ‘uondnaisqo ‘edoudsAp :350Q ‘SuiSewi adurUOSaU
onaudewW Y|4 ‘spunodwod djuedio 3|1E[oA (DA ‘9483 Jo ulod BAIes (DS ‘PJBAUl WIOJSURA 1IN0 Y| 14 ‘Uluod[edodd ;| Dd ‘ueload sAnRdEaI-D) (YD DIIAISS YI|esH [euoneN SHN
‘aseasip Aseuowind 9A12NIISGO JIUCIYD :QdOD ‘UonBASIUIWPY SniQ pUe pood SN YA4SN ‘AdOD ul Adeusy | p10.493s0d13100) J1WSISAS pue d1oIqRUY 39348 01 suadJewolq - ddOD :1v3id

‘Apn3s 13daduod jo joouy

‘Apnis uoneplep
"9 |07 Youne| [eIDJ3WWOD pa3dadxy
-a3e3s adfyojouy

"Apnas ssausAnIay]

‘Apmis uonepljeA

"ApN1s UOIEBN|BAD SSSUDAIIDRY]

‘e || oseyq

"BIPU| ‘sadU3IDg
|ed1paj Jo 21Mmnsu| eipu| ||y

‘uede[
‘A)SJBAIUN [BDIP3JN BWIEBIIES

‘Aue3unpH ‘suonn|og eaudaly
N ‘(dLL)
diysaaulued A3ojouyda] ay|

N Isnal SHN
playaJeH >3 uoidwoug [eAoy

‘spuejJayIa ‘uadawiliN
AsaaAlun pnogpey

“ewua(g ‘JedsoH
Ayisaaaiun 8uslgadsig

VSN @43us)
[1BD S[eML [Ba1UlD SO SN

‘so|dwres a3eJidse
[ea8ukueyd [eseu pue ajeJidse [eaydesy
wouy sasnuiA Auojedidsau jo uondalp
3y3 0} 3593 YDdw pided ‘DAnIsuas
'SUOIIBQJRIEXD
AddOD Ul BLI9IOEQ SAREBSNED A}IUSPI 01
1531 YDd paw.opiad A|ises ‘@jeandde ‘pided y
'suo|IeqJadexa qdooD
JO SISNED [BUIA 109)9P O} 3S3) D.EI-JO-JUIO0d
‘Sulioziuow
AdOD JO dsn 40} JOSUSS DIUOSEIIN Uy

‘adod
Jo 3urioljuow ay3 Joj 3533 Supj[em 14oyg

‘adod
yam sjuaned ul sswodino auning 331paud
o1 [enusiod ay3 yum xapul usuodwodn|ny

‘suonednssAul AdoD
Joj paau ul sausied Jo uonedynuspl syl 4oy
aJareuuonsanb woidwAs pue smyels Supjows
"SISIX9-0D BUIYISY SJ3YM
adOD jo sisouselp ay3 Joj a4reuuonssnd

dodw

dod
aAnenuenb-lwes NV1-VYdIH
sasnJiA Auojedidsau Joy
3unsan aued-jo-julod HOJseoy

95UagdIUOS
sa13ojouyd9)
9ddS 4BY0
xspul 35004

aJreuuonsanb Suiusauds qdOD
aJleuuonsang) awWo.puAg

depsaQ QdOD-rwsy

juswdo|aAsp jo a8erg

JadojereQq

uondiiosap jolig

aweu A3ojouyds | adky
A3ojouyda |

(penunuod) g a|qe L

10

Downloaded from crd.sagepub.com at UNIV OF BIRMINGHAM on March 14, 2016


http://crd.sagepub.com/

Dixon et al.

Table 4. Promising technologies — those considered to
demonstrate a high degree of innovation, potential for
impact, and potential for adoption by the NHS.

Technology type Promising technologies

Wearable technologies Wrist-based pulse oximeter

BuddyWOTCH

Biomarker technologies
Diagnostic Aa-Val 360 biomarker

Biomarker panel: SP-A,
sRAGE, MPO and NGAL
for asthma-COPD
overlap syndrome

FTIR monitoring

COPD-SPOC sensor

Home use sputum test

Blood eosinophil biomarker

CRP point-of-care test

PCT

Virtual Medical Assistant
Version 2.0

Commander Flex

MedVizer T400 Home
Health Monitor

ADAPT

SmartScope System

Respiratory virtual clinics

MySpi-roo i

MIR Smart One®™

Smartphone spirometer

DECAF scoring system

DOSE index

SPPB

ResPOC point-of-care
testing for respiratory
viruses

HIRA-TAN semi-
quantitative PCR

mPCR

Monitoring
To determine the cause
of an acute exacerbation

Telehealth technologies

Spirometry technologies

Questionnaire technologies

Other technologies

FTIR: Fourier transform infrared; SPOC: saliva point of care;
COPD: chronic obstructive pulmonary disease; DOSE: dyspnoea,
obstruction, smoking, exacerbation; mPCR: multiplex polymerase
chain reaction; ADAPT: After DischArge Pulmonary Telehealth;
CRP: CRP: C-reactive protein; ResPOC: Respiratory Virus Point-
Of-Care; DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidae-
mia and atrial Fibrillation.

Concerns were expressed regarding the reliability of
wrist-based monitoring; however, a potentially large
impact could be expected if these devices demon-
strated acceptable performance.

Biomarker technologies

Thirty-one biomarker tests were identified and
included in the report, the majority based on blood

samples. Alternative samples included sputum, bron-
chial aspirate and innovatively, saliva and volatile
organic compounds from breath samples. Most bio-
markers were intended for the diagnosis of COPD, but
experts dismissed the majority of blood-based diag-
nostic biomarkers as being too early in development
or ‘possibly as a research tool” with no demonstrated
clinical value, despite some being considered highly
innovative. Aa-Val360 was the most promising bio-
marker in this category, having been proposed as a
method to identify patients with early COPD at risk of
progression. Experts commented that it was ‘highly
innovative . . . targeting high risk individuals’. Fourier
transform infrared spectroscopic monitoring used
sputum to rapidly differentiate COPD from other
respiratory conditions and determine the risk of an
imminent exacerbation; experts commented that this
was ‘interesting and if effective then impact and
adoption [are] possibly significant’. A further
sputum-based biomarker panel to diagnose asthma-
COPD overlap was thought to be ‘of interest in sec-
ondary care clinics’, whilst experts considered
COPD-saliva point of care (SPOC), a novel saliva-
based point-of-care test for the diagnosis of COPD
incorporating three biomarkers, to have the ‘potential
to change practice’.

Several inflammatory blood biomarkers were pro-
posed for the monitoring of COPD for risk of an acute
exacerbation. However, fibrinogen and C-reactive
protein (CRP) were noted to be ‘non-specific indica-
tors of inflammation’ and therefore ‘unlikely to be
much impact or ... [high adoption]’. In contrast, pro-
calcitonin was thought to be a ‘more specific marker
of infection’. Researchers claimed it was able to dif-
ferentiate between a bacterial and nonbacterial cause
of acute exacerbations, prompting an expert to state
‘. ..astrong chance of high impact (more appropriate
exposure to antibiotics) and adoption’. The Home Use
Sputum Test may provide advance warning of an
acute exacerbation in the community and experts
were very positive, commenting ‘this would be useful
and may help identify pathogens early so treatment
can be commenced’, and highlighting the potential to
‘reduce antibiotic use’, though also noting ‘identify-
ing a bacterium does not always mean that the cause
of symptoms is identified’. Patients commented on its
potential to ‘reassure patients’. Other technologies
aimed to identify the cause of acute exacerbations in
order to better direct specific management. Experts
commented that the use of peripheral blood eosino-
phil count as a biomarker to direct corticosteroid
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Figure |. Identification, filtration and prioritization of technologies included in the horizon scanning review. Adapted

from the PRISMA flow diagram for systematic reviews.*

therapy was ‘worth exploring more’, though impact
was judged to be ‘unclear, as most exacerbations are
in the community and [this biomarker] will need a
blood test’. The CRP POC test was considered inno-
vative, providing an accessible fingerprick test in
community settings. One expert remarked ‘yes to
innovation, yes to potential impact and adoption is a
strong possibility if shown to help decision making’.

Telehealth technologies

Telehealth is a popular area of development in tech-
nologies for chronic diseases and represented a large
proportion of all technologies identified. Many

devices were in a late stage of development from
established commercial developers and had already
obtained a CE mark, making them more likely to
come to market within the specified timeframe. How-
ever, telehealth was generally viewed negatively by
the clinical experts, with comments aimed at the cate-
gory as a whole rather than in-depth review of each
technology. Experts cited a UK multicentre trial of
touchscreen telemonitoring for COPD?’ and a sys-
tematic review and meta-analysis of telehealth for
COPD,*® commenting on the current high estimates
for cost-effectiveness of similar technologies and the
lack of evidence that they improve quality of life or
reduce mortality. In addition, experts expressed
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concern about the burden on clinicians, saying ‘the
problem with this kind of technology is that you need
a healthcare professional to look at the data’.

Imaging technologies

The majority of imaging technologies were consid-
ered highly innovative, but clinical experts believed
their use would be restricted to research or specialist
centres, so that uptake was likely to be very limited,
and these technologies had little potential for impact
across the whole of the NHS.

Vital sign monitoring technologies

Four devices offered novel methods for monitoring
COPD. Both EverOn and the Respiratory Holter tech-
nologies monitored respiratory rate, with one expert
noting ‘the accurate long-term measurement of
respiratory rate in hospital/home may be useful’.
However, neither were particularly novel and experts
were unsure whether they would be “useful in the real
world’. Similarly, Capno-Pulse received mixed com-
ments from experts, with some identifying a role for
improved non-invasive arterial blood carbon dioxide
monitoring and others unclear whether it had potential
for impact. However, patients were generally more
positive, saying they would be willing to try these
devices.

Spirometry technologies

These devices use a smartphone mounted, handheld
device for home monitoring of COPD. Most clini-
cians are aware that monitoring current spirometric
parameters does not reliably detect deterioration or
exacerbation in COPD, though changes may be evi-
dent in asthma and potentially asthma-COPD over-
lap.> However, comments were mostly encouraging,
with good potential for adoption when used in con-
junction with training and appropriate follow-up.
Patients considered these technologies ‘could have
[a] considerable impact’ and were ‘definitely’ accep-
table to users. Two devices incorporate Bluetooth
technology, however, the additional impact of this
connectivity was thought to be limited due to the
requirement for an interpreting clinician and patients’
ability to respond to the results.

Questionnaire-based technologies

Questionnaires were considered acceptable by
patients providing they were not too long as ‘patients

do get tired of filling in forms’. Two questionnaires
aimed to monitor the severity of exacerbations in
order to inform clinical decisions regarding care. The
Dyspnoea, Eosinopenia, Consolidation, Acidaemia
and atrial Fibrillation (DECAF) score was considered
a ‘useful innovation to predict safe early discharge’,
whilst experts disagreed about the Dyspnoea,
Obstruction, Smoking, Exacerbation (DOSE) index,
with one noting that it is ‘well validated. . . difficult
to see why not used more’ and another commenting
‘not clear to me that it is any advance over existing
risk assessment tools’. Two questionnaires were
aimed at COPD diagnosis. The COPD screening
questionnaire includes smoking history and symp-
toms and aims to facilitate early diagnosis. Again,
experts were divided in their opinions. One commen-
ted it was ‘a useful way to identify and encourage
people to get spirometry’ whereas another said it was
‘not novel, tools already exist’.

Other technologies

Three technologies aimed to diagnose the cause of
acute exacerbations in order to direct treatment. The
developer of Respiratory Virus Point-Of-Care
(ResPOC), a point-of-care test, claims it is capable
of identifying respiratory viruses within 1 hour, with
an equivalent accuracy to that of standard laboratory
tests. Multiplex-polymerase chain reaction uses sim-
ilar technology to diagnose viral infections using sam-
ples of tracheal or nasal aspirate, whilst HIRA-TAN
may provide rapid and sensitive identification of bac-
terial pathogens. All of these three similar technolo-
gies received positive comments from experts, noting
they were ‘innovative’ with high ‘potential for impact
and adoption’.

Discussion

We identified a large number of new and emerging
technologies for the diagnosis and monitoring of
COPD, almost a third of which were considered to
be innovative with significant potential for impact
on patients and health services and be appropriate for
adoption by the NHS. The technologies included in
this horizon scanning review broadly addressed the
issues identified as key research and unmet practice
needs. Novel biomarkers offered a potential future
alternative approach to early diagnosis and the differ-
entiation from other respiratory diseases, including
several based on sputum or saliva samples with results
available at the point of care. Experts were less
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favourable about non-COPD-specific biomarkers of
inflammation, though plasma fibrinogen has since
become the first COPD biomarker to receive Food
and Drug Administration approval for use in interven-
tional clinical trials.?’ Many technologies offered
the potential to facilitate patient self-monitoring,
including vital sign monitors (including wearable
technologies), telehealth systems, smartphone-based
spirometers and biomarkers, with a home-use sputum
test potentially allowing advance warning of an acute
exacerbation. Patients emphasized their preference
for compact, simple, easy to use and portable moni-
toring devices that did not interfere with daily life, so
that wrist-worn devices were preferred over vest-like
wearable devices. Importantly, six innovative tech-
nologies were identified with the potential to establish
the cause of an acute exacerbation, two of which
offered this as at the point of care. These could enable
treatment of acute exacerbations to be tailored to the
underlying pathology, potentially avoiding the unne-
cessary use of antibiotics and corticosteroids.

The review used an established horizon scanning
review methodology to systematically identify tech-
nologies.”>** The approach aims to ensure that all
technologies appropriate to the review are identified,
and this is facilitated by the use of multiple online
sources, including specialist media, health technology
assessment organizations, regulatory authorities,
research funders, subscription-only commercial
research and development databases, clinical trial
registries and professional and patient groups, in addi-
tion to bibliographic databases of published medical
literature and specialist journals. However, it is not
possible to claim that all possible technologies have
been identified as this is dependent on commercial,
media and academic reporting, though reassuringly
clinical experts did not know of any relevant technol-
ogies in development that had not already been iden-
tified. A particular limitation of horizon scanning
reviews is the restricted information on each technol-
ogy upon which to base inclusion/exclusion, filtra-
tion/prioritization and assessment decisions. It is
common for there to be limited publicly accessible
information and scientific data available for technol-
ogies in development or the early launch stage, and
we made no attempt to validate developers claims for
their products, all of which require further clinical
validation using patient-relevant outcomes and infor-
mation on costs prior to adoption.

The views of clinical experts and patients with
COPD provided essential insights into the place of

identified technologies in COPD management and the
acceptability of individual technologies to users. For
some technologies, there was disagreement as to their
potential impact, reflecting the individual’s particular
perspective, experience of similar developments and
local pathways of care. This was important, as we
sought consensus before labelling a technology as
particularly promising. Telehealth was a particular
source of disagreement in this review, with technolo-
gies receiving generally negative comments from
clinical experts, citing impracticality, the existing evi-
dence base and cost as a barrier to use, whereas
patients were broadly in favour of devices that
enabled them to self-monitor and communicate with
clinicians. Experts also noted the lack of evidence that
variables such as cough frequency or inhaler use were
associated with the risk of an acute exacerbation, and
that clinical trials of such systems typically measured
success in terms such as patient satisfaction, as
opposed to conventional clinical parameters, admis-
sions or healthcare utilization. In a field becoming
increasingly saturated with similar products, yet
experiencing little adoption by the NHS, it seems
unlikely that telehealth will become part of routine
COPD care until it is shown to improve patient out-
comes and a feasible cost-benefit balance is achieved.

Conclusion

This review identified several innovative technolo-
gies with the potential for impact in a disease with
a significant burden in the United Kingdom and
worldwide. The most promising technologies have
the potential to improve the early diagnosis of
COPD, facilitate patient self-monitoring and estab-
lish the cause of acute exacerbations, potentially at
the point of care. These technologies have the
potential to contribute to addressing key priorities
in the NHS Outcomes Framework, namely reduc-
ing premature deaths from respiratory disease,
enhancing the health-related quality of life of
patients with COPD and the quality of life of their
carers, ensuring people feel supported to manage
their condition and reducing unplanned admissions
and time in hospital.” In addition, this review iden-
tified many technologies in the fields of telehealth
and wearable technologies that were considered to
be less promising, impractical or poorly directed.
This review enables the focus of future research
funding and NHS health technology assessment
activities to be appropriately targeted, thereby
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facilitating the adoption of technologies with the
potential to make a significant impact on NHS
COPD care and the quality of patients’ lives.
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