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La inteligencia consiste no sélo en el conocimiento, sino también
en la destreza de aplicar los conocimientos en la practica.

Aristételes, (384 ac-322 ac)

Medicine has built on a long history of innovation, from the
stethoscope and roentgenogram to magnetic resonance
imaging and robotics. Doctors have embraced each new
technology to advance patient care. But nothing has changed
clinical practice more fundamentally than one recent
innovation: the Internet.

Pamela Hatzband and Jerome Groopman
NEJM 2010;363:1063-66
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en los Laboratorios de Bioquimica y Hematologia,
presenté formando parte de este ultimo equipo
humano, el que fue mi primer resumen en unas
Jornadas “Evaluacion del Coulter modelo “S” Va-
llespi MT, Burgos F, Manat C, Vives Corrons JL. Il
Jornadas Técnicas de Izasa. 1974”, participando activamente en la primera automatizacion del
Laboratorio con la incorporacion de los equipos Technicon® y Coulter-S°, que nos permitieron
la primera aproximacién a la automatizacion de los andlisis clinicos como fue el hemograma.

Laboratorio de Funciéon Pulmonar

En 1974 el Prof. Robert Rodriguez Roisin me propuso participar en el proyecto de Laboratorio
de Funcién Pulmonar (LFP) que queria llevar a cabo en la Medica C, bajo la direccidn del Prof. C.
Rozman. Tenia entonces 20 afios y un océano de conocimientos por descubrir. Probablemente
me sedujo el empuje y el entusiasmo del RoRo en aquel ya lejano 1975, afios aquellos en
los que se estaban produciendo grandes cambios en nuestro pais acelerados con la muerte
del dictador. Inicié en esa época marcada por la esperaza y la ilusion mi andadura en lo que
fue el embridn de lo que mas tarde acabaria siendo el LFP del Clinic. Fue entonces cuando
aprendi mi primera leccién sobre espirometria forzada (EF) con un Vitalograph de fuelle, que
permitia calcular a mano la Capacidad Vital Forzada (FVC), el volumen espiratorio maximo en
el primer segundo, los flujos mesoespiratorios, el VEMS. Entonces todavia no hablabamos del
FEV,,. De inmediato me sumergi en la medicion de los gases respiratorios en sangre arterial (la
gasometria arterial), en la medicidn de los volimenes pulmonares por dilucién y la capacidad
de transferencia de CO y, De esta época son mis dos primeras presentaciones en el Xl Con-
greso de la SEPAR celebrado en Oviedo en 1978 (jis6lo hace 35 afios!!) que llevaban por titulo
“Curvas de flujo volumen: ¢Osciloscopio versus registro grafico?” Burgos F, Afiafios F, Gistau C,
Rodriguez Roisin R, Picado C, Agusti Vidal A.; y “Funcionalismo pulmonar en trabajadores in-
tensamente expuestos al amianto: estudio comparativo”. Picado C, Rodriguez Roisin R, Burgos
F, AAafos F, Estopd R, Marin A, Agusti Vidal A. En ese mismo afio vio la luz mi primera publi-
cacion en una revista internacional “Lung function in workers heavily exposed to asbestos and
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cotton. Comparative studies. Rodriguez Roisin R, Picado C, Afiaiios F, Burgos F, Agusti Vidal A.
Bull Europ Physiop Resp 1978;14:55-57”. Y ya en 1980, llegara mi primer articulo como primer
autor “Curvas de flujo volumen (MEFV). Registro grdfico versus osciloscépico. Burgos F, Rodri-
guez Roisin R, Afiafios F, Gistau C, Agusti Vidal A, Rotger MM, Navajas D. Arch Bronconeumol
1980;16:111-116".

Informatizacion en el Laboratorio

La década del los 80 fue el de la in-
formatizacion del LFP. Se adquirié
en 1978 un equipo Hewlett Packard
HP9825-A, que permitié entre otras
actividades el generar los valores de
referencia de la funciéon pulmonar
de la poblacién mediterranea: fue
la tesis doctoral del que ahora es mi
director de tesis, el Prof. Josep Roca
(1982). Mi dedicacidn a este proyecto
me permitié profundizar intensa-
mente en la metodologia cientifica, en la epidemiologia, en la estadistica y en la informatica.
Un dato para la memoria histdrica, el PC de IBM aparecié en el mercado americano en 1981.

Estandarizacion de la Funcion Pulmonar

Mi estancia en 1996 en Harbor-UCLA Medical Center en Los Angeles, CA (USA), bajo la tutela
del Dr. R. Casaburi me abrird las puertas al conocimiento de uno de los grandes Laboratorios
de Funcién Pulmonar mundiales, y en especial de las pruebas de ejercicio cardio-respiratorio,
asi como a profundizar en el concepto de estandarizacidn. Fue sin duda una experiencia in-
olvidable. Quisiera destacar también mi participacion en la task force ATS-ERS sobre la estan-
darizacién de la funcién pulmonar en el 2003-2005 que me permitié adentrarme en la cuestion
de la normatizacion de la funcién pulmonar.

Infrautilizacién de la espirometria forzada

Uno de los aspectos que mas me “sublevd” durante mucho tiempo, a pesar de que la EF tenia
un gran recorrido histérico desde que en 1846 el cirujano John Hutchinson describiera la capa-
cidad vital, fue la evidente infrautilizacién de EF. Era y sigue siendo un enorme reto para la me-
dicina el diagndstico precoz de enfermedades respiratorias como la EPOC. El Dr. Tomas Petty, a
quien tuve el honor de conocer en mi estancia en Harbor-UCLA Medical Center en 1996, decia:
“The vital capacity and the FEV1 must emerge as important as BP, cholesterol tests, and other

Personal motivation

indicators of incipient disease states to alert physicians and the patients that they serve to the
importance of early treatment for COPD and related disorders”. Pero a menudo la realidad es
muy tozuda a la hora cambiar, y seguimos con una evidente infrautilizacién de la espirometria
forzada, lo que se traduce en una altisima tasa de infradiagnéstico. Un mal que la medicina
moderna no se puede permitir cuando hay medios para resolverlo.

Telemedicina y soporte al diagnéstico

La espirometria forzada es la técnica fundamental para la evaluacién de la funcién respiratoria.
A pesar de que su metodologia estda muy bien establecida es bien conocido que su calidad,
en numerosas ocasiones, deja mucho que desear. Como ya he comentado mi relacién con la
tecnologia viene de muy lejos. Consegui mi primera conexién a la red de Medicina en marzo
elm” “Mailbox”, la utilizacién de

|M

de 1997, el FTP; mi primer email se conectaba utilizando e
programas de comunicacion como el Eudora© o el Pegasus®©, precursores del actual Outlook y
lenguajes como el HPLC, Basic, etc. El nacimiento de World Wide Web se me hicieron inmedi-
atamente familiares y siempre me interesé estar “a la ultima” en este campo.

Gracias a una beca de la Unién Europea “Chronic” “An Information Capture and Processing
Environment for Chronic Patients in the Information Society”, que en 1999 nos abrié las puer-
tas a la investigacion en nuevos modelos asistenciales y a la utilizacion de la telemedicina en
nuestro ambito, entramos en contacto con grupos que empezaban a trabajar en modelos de
telemedicina. En ese mismo afio, el FIS me concedid una beca de investigacién en el que por
primera vez pilotamos un modelo de soporte al diagnéstico usando TIC’s (FIS de 99 “Control
de calidad y aplicabilidad de la espirometria forzada en diferentes niveles asistenciales”). Fruto
de esa experiencia fue la extensidn a todo el territorio nacional en un proyecto coordinado en
el que participaron varios Hospitales y 18 centros de atencion primaria de varias comunidades
autonomas, y que fue financiado por el FIS en 2004 como proyecto colaborativo “La espi-
rometria forzada en atencién primaria: impacto de un programa de tele-trabajo en la calidad
de los resultados y en las interacciones entre niveles asistenciales”. Aqui se halla el nucleo
central de mi investigacidon que ahora toma cuerpo en la presente tesis doctoral.

Finalmente la oportunidad de cursar el Master Oficial de Medicina Respiratoria de la Univer-
sidad de Barcelona — Pompeu Fabra, me ha permitido el obtener el grado de Master (MSc),
abriéndome las puertas a mi mayor sueifio como profesional, obtener el grado académico de
doctor. Todos estos antecedentes han modulado a lo largo de los afios mi carrera profesional y,
gracias al apoyo constante de mi director de tesis, Josep Roca y de mi mentor Robert Rodriguez
Roisin, me han dado el empujén necesario para presentar esta tesis doctoral.
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Introduction

Functional testing in the new healthcare scenario

Population ageing and changes in lifestyle are central factors in explaining the increasing
prevalence of chronic disorders, a trend that it is expected to continue over the coming
decades, challenging the sustainability of health care systems worldwide. Non-communicable
diseases (NCDs) represent close to 70% of the total burden on health care systems in Europe,
and impact significantly on both morbidity and mortality(1-3).

There is evidence indicating that the current fragmented care system generates avoidable
inefficiencies at system level(4), perpetuates a reductionist approach to chronic disorders,
precluding management of co-morbidities(5) and does not facilitate future predictive and per-
sonalized medicine.

Thus, there is an urgent need to introduce substantial changes in the way we approach the
delivery of care for chronic patients, as well as its articulation with social support services.
This need led the World Health Organization (WHO), in 2002, to launch the Innovative Care
for Chronic Conditions initiative (ICCC-WHO)(1;6) formulating basic principles and strategies to
enhance the management of chronic patients.

This PhD thesis has been generated within the NEXES project (2008-13)(7) conceived to de-
velop the practicalities of the Innovative Care for Chronic Conditions (ICCC) initiative (1;6)
acknowledging that Integrated Care Services (ICS) supported by Information and Communica-
tion Technologies (ICS-ICT)(8) constitute pivotal building blocks for the Chronic Care model
proposed by the World Health Organization.

In NEXES(7), well-articulated innovative ICS-ICTs were proposed as the most efficient way of
adopting the Chronic Care model by transferring complexity from specialized care to the com-
munity (9-13).

The NEXES project assessed the deployment of four different modalities of ICS-ICT(14;15),
namely: j) Wellness and Rehabilitation; ij) Enhanced Care for frail patients; iij) Home Hospital-
ization and Early Discharge; and, iv) Remote Support to primary care for diagnosis and therapy,
covering a wide spectrum of care coordination with a strong focus on prevention and modula-
tion of the disease progress.

This PhD thesis specifically focuses on the fourth ICS-ICT of this list. That is, it explores the
feasibility of all the aspects involved in the transfer of testing procedures for diagnostic and
follow-up purposes, usually managed by specialists, to primary care professionals and to the
patient’s home. It must be emphasized that this transfer of complexity requires several major
guarantees, namely: i) high-quality testing by non-specialized professionals; ii) strategies to
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support the continuous training of professionals; iii) interpretative support; iv) interoperability
among healthcare providers; v) collaborative tools for professionals working at different
healthcare tiers and between patients and professionals; and, vi) availability of proper user
interfaces to compare patient testing carried out by different providers over time.

Although NEXES had a patient-oriented approach focusing mainly on chronic respiratory
conditions, cardiovascular disorders and diabetes mellitus type I, this PhD thesis only ad-
dresses chronic respiratory disorders. This focus has been chosen mainly due to the ap-
plicant’s background, but also because respiratory diseases are a fundamental part of the
NCDs group prioritized by WHO since 2001. The scientific respiratory community world-
wide is strongly committed to the shift toward the new health scenario for the manage-
ment of chronic conditions. The Forum of International Respiratory Societies (FIRS), which
involves major international respiratory societies in all continents, recently prepared a
document including the most relevant research on lung health together with a description
of the impact of current respiratory health policies, with the aim of guiding world leaders
in their debates during the 2014 United Nations meeting that will be devoted to chronic
lung diseases(16).

NEXES was designed to assess the impact of five factors that have been classically identified
as barriers to the extensive deployment of ICS-ICT, namely: j) poor evidence of clinical ben-
efits; /i) technological issues; iii) service reimbursement; iv) regulatory and ethical aspects;
and, v) organizational factors. The service-focused approach adopted in the project has im-
portant implications on future deployment strategies aimed at ensuring sustainability of the
proposed ICS-ICT.

As mentioned above, the transfer of complexity from hospital-based specialized care to the
community necessarily involves the development of collaborative tools for aiding interaction
among the relevant actors across healthcare tiers, together with accessibility of validated test
data throughout the health system. These two basic requirements shall be supported by an

interoperable ICT platform constructed with the appropriate architecture.

We understand that the deployment of functional testing for chronic respiratory patients in a
coordinated care scenario must promote developments in three major areas, namely:

® Case-finding programs.

® Assistance for high-quality diagnosis in primary care.

* Follow-up of patients across healthcare tiers.

Introduction n

Why Forced Spirometry as a use case?

Forced Spirometry (FS) is the principal testing procedure for the diagnosis and severity assessment
of COPD patients, as stated by GOLD(17). It is of note that COPD generates a major burden on health
systems being a representative entity among the highly prevalent NCDs, the impact of which is ex-
pected to increase to become the third leading cause of death by 2020(18;19) due to the continuous
increase in smoking rates in developing countries and the ageing of the population. Consequently,
forced spirometry testing constitutes an outstanding use case for the exploration of the potential
of novel ICT-supported approaches for functional testing in patients with chronic conditions. The
transfer of the complexity of diagnostic procedures to primary care professionals will change the
current paradigm for clinical diagnosis, currently too restricted to hospital-based medical specialists.

This PhD thesis assesses, in a systematic manner, the relevant aspects of the transfer of high-
quality forced spirometry to non-specialized professionals working at a community level. We
view FS as a first line test in the clinical assessment of patients with respiratory symptoms.
Because of its high applicability and information content, FS plays a pivotal role in the diagnosis
and follow-up of chronic obstructive respiratory diseases. It is of note that relevant clinical
guidelines indicate the need for widespread use of FS in primary care for the early detection
and appropriate management of asthma and COPD.

It is hypothesized that that the rapid increase in the impact of COPD on healthcare can be
prevented with actions at two different levels:

® Firstly, and most importantly, reduction of the disease’s main causal risk factor - cigarette
smoking - as well as inhalation of other known irritants.

* Secondly, as mentioned above, focus on the early diagnosis of COPD patients, which gener-
ally entails screening using FS in adults (> 40 years old) at risk (tobacco smokers), and/or
with symptoms. This policy should facilitate appropriate patient stratification and preven-
tive management aimed at modulating COPD disease progress in the early stages.

Both primary care physicians and respiratory specialists agree on the extensive use of high quality
FS since it clearly has a positive impact on public health(20-26). However, although standard FS
testing shows high applicability, at present it is difficult to perform as part of conventional day-to-
day healthcare practice in primary care because the procedure requires skilled personnel. There
is a great deal of controversy(27-29) regarding the quality of the tests performed in primary care
by non-expert professionals leading to suboptimal deployment of FS in community care. Conse-
quently, effective and sustainable training of non-specialized allied health professionals ensuring
high quality FS testing in primary care is a crucial component for generating reliable results that
should be accessible across healthcare tiers to prevent unnecessary test duplications.
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Enhanced FS can have a major impact on health management

As a diagnostic test, spirometry is a reliable, simple, non-invasive, safe and inexpensive proce-
dure for the detection of airflow obstruction. This method is recognized by international clini-
cal guidelines as the essential test for making a diagnosis of COPD(22). Consequently, potential
benefits of the transferability of FS from specialized diagnostic units to community care are
acknowledged by both health professionals and managers. However, key organizational and
technological aspects that would make possible such transferability while ensuring accessibil-
ity of the tests across the health system are not yet in place. Moreover, it is of note that by
solving the challenges involved in the transfer of FS from specialized to community care, we are
paving the way for reshaping several other diagnostic and follow-up testing procedures within
an integrated care scenario. It is assumed that the changes proposed in this PhD thesis could
have a major clinical impact on the following areas of respiratory medicine.

Underdiagnosis: this is a major problem in all chronic respiratory diseases and particularly in
COPD(26). Only one third of patients with COPD are informed about their disease(30) and 21% of
patients hospitalized for COPD exacerbation state that their respiratory problem is not regularly
monitored by a physician(31). Furthermore, a high percentage of patients with a diagnosis of
COPD do not have spirometric confirmation of the diagnosis. Walters et al (32) report that in Aus-
tralia 31% of patients diagnosed with COPD lack spirometry and that 56% of supposedly COPD
patients showed normal spirometric results. All epidemiological studies indicate that COPD has
a very high rate of occult disease. Moreover, the different studies acknowledge limited progress
during the last decade in effectively reducing the problem of COPD underdiagnosis (33-35).

We believe that screening for early diagnosis of COPD is needed to define coherent strategies
aimed at efficient early disease management allowing the modulation of disease progress. Re-
cently, different health strategies adopted on a national level in Europe (36;37) are recognizing the
importance of appropriate policies to avoid COPD underdiagnosis. Among the different potential
initiatives, it is well demonstrated that ensuring effective access to high-quality spirometry at
community level should be the first priority (26;38), since it can be reasonably hypothesized that
wider implementation of high-quality forced spirometry should reduce the COPD burden.

In summary, the use of Information and Communication Technologies (ICT) for the remote
support of case-finding programs has enormous potential for paving the way in the develop-
ment of novel and efficient approaches in the enhanced early diagnosis of COPD, as well as for
generating efficiencies in respiratory diagnosis and follow-up in the community by remotely
supported non-specialized professionals.

Airway Hyper-Responsiveness (AHR): AHR is an intrinsic feature of asthma and it is seen in
some COPD patients in whom this phenomenon has clinical implications (GOLD) (17). Differ-
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ences in the underlying mechanisms of airway inflammation in the two conditions, asthma and
COPD, are beyond the scope of this thesis. Different types of bronchial challenges are used in
specialized care to document and perform a quantitative assessment of AHR(39). FS testing
is a key element in most bronchial challenge testing (40), but this should probably be limited
to specialized units. It is of note, however, that increased spontaneous variability of FEV, over
time constitutes a hallmark of AHR that can be assessed with FS only, without the need for
bronchial challenges. Moreover, assessment of the spontaneous variability of FEV, comple-
ments the information provided by the standard post-bronchodilator response carried out as
part of the FS testing. Limitations of the post-bronchodilator response in terms of sensitivity
are well identified (41;42). In this regard, we would like to stress the importance of high-quality
FS in patient follow-up in primary care as a tool for assessing AHR in respiratory patients.
Increased variability of high-quality testing is a valuable tool in the diagnosis of AHR that re-
quires the type of setting put forward in this PhD thesis to be able to contribute effectively to
enhanced diagnosis and management of chronic respiratory conditions.

Enhanced diagnosis and patient follow-up: A review of COPD management has recently rec-
ommended that FEV, after administration of a bronchodilator should be measured repeatedly
over the course of the disease to define the rate of decline in lung function(43), in order to help
focus both therapeutic decisions and assessment of prognosis. This implies that spirometry
should be used on a routine basis, to identify patients with a rapid decline in FEV, and to
improve quality of care. These considerations have been well proven in the management of
asthma(44) and can be reasonably extended to most respiratory conditions. Consequently, it
can be concluded that high-quality FS testing accessible across the health systems is a valuable
way of enhancing the management of chronic respiratory patients.

Factors limiting the transfer of FS to primary care

We have identified the following three major factors limiting the deployment of FS in primary
care. All of them must be simultaneously tackled to ensure the successful adoption of en-
hanced FS: i) poor availability and suboptimal use of FS; ii) support for high-quality FS; and iii)
accessibility of testing across healthcare tiers that are analyzed below.

Poor availability and use of FS. Insufficient use of FS, even in hospitals, has been identified as
one of the most important factors of underdiagnosis of COPD(45;46). Compared with heart fail-
ure patients, COPD patients are less likely to have confirmatory testing, even in those cases in
which the two conditions, heart failure and COPD, coexist(46;47). Consequently, awareness of
the relevance of the test and the accessibility of FS carried out by trained primary care profes-
sionals through standardized coaching courses are the two main challenges to be faced. More-
over, knowledge about existing lung function testing resources both at hospital and primary
care levels is currently incomplete. To resolve those issues, the Master Plan for Respiratory
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Diseases in Catalonia (PDMAR)(36) undertook the initiative of identifying and characterizing
existing lung function testing units and their territorial distribution. The results of this analysis
represented a pivotal element in the design of strategies ensuring successful transferability of
diagnostic tools from specialized care to the community.

Long-term sustainability of professional coaching. High-quality FS in primary care depends
highly on adherence to international recommendations (48;49). The American Thoracic Society
(ATS)/European Respiratory Society (ERS) documents establish well-defined quality control cri-
teria for both equipment and tests, but they do not include indications on strategies to ensure
sustained quality assurance in clinical settings wherein where non-expert professionals are
likely to perform the tests.

In 2008, a survey carried out by the European Respiratory Society (ERS) confirmed that no
formal training on spirometry testing was taking place in most EU countries(50). It is widely ac-
cepted that training is a pivotal element in achieving high-quality FS performed by non-expert
professionals. Moreover, recent data (51) indicate that conventional training techniques are
useful but they do not ensure sustained high-quality testing. Consequently, it can be concluded
that there is a lack of appropriate training programs directed at non-specialized professionals
aimed at generating sustainable high-quality FS testing.

Accessibility of testing across the healthcare system. The concept of the Electronic Health Re-
cord (EHR) has been evolving dramatically in recent years. The EHR are currently defined as a sys-
tematic collection of patient health information using a digital support, which should facilitate
information-sharing across different healthcare levels. The EHR can be set up within a provider’s
Health Information System (HIS) delivering formal care. Chronic patients often have more than
one EHR since they are frequently seen by several providers of formal healthcare. Moreover,
EHRs handled by the patient themselves or by the patients’ relatives are an emergent tool in
Western countries where the Electronic Personal Record (EPR) or Personal Health Folder (PHF) is
being increasingly and successfully used for patient empowerment in health self-management.
This has had a beneficial impact not only in terms of enhancing the patient’s adherence to ther-
apy and preventive strategies, but also as a way of enhancing interoperability among healthcare
providers and between formal and informal care. Unfortunately, this is not the current situation.
Interoperability issues at a health system level are a major limitation in the extensive deploy-
ment of ICT-supported healthcare services. Moreover, FS testing is poorly implemented in the
EHR, which clearly explains why interoperability has not been perceived as an issue for FS so far.
We believe, however, that accessibility of FS testing across the system is a priority target.

The FS equipment is a medical device that measures either volume or flow signals during the
maneuver, generating different parameters that are most often stored in a proprietary for-
mat, thus limiting interoperability at a health system level. To overcome such limitations many
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testing procedures have adopted communication standards such as HL7 (Health Level Seven)
and CDA (Clinical Document Architecture, Release 2) to ensure interoperability throughout the
healthcare system.

A standardized CDA for FS contains patient data, information on the testing request and con-
text, outcome variables and flow-volume and volume-time curves, as well as the original signal
captured by the equipment during the testing procedure. Consequently, this standard creates
a normalized dataset organized in such a way as to facilitate integration of FS testing into any
health information system (HIS), and pave the way for accessibility of FS by health profession-
als working with different providers and/or on different healthcare tiers.

The first step required in the design of adequate strategies for paving the way for change is to
acknowledge those major factors limiting the transfer of lung function testing from specialized
to primary care, as described below.

Need for novel strategies generating high-quality assurance of FS

Despite the international recommendations on the quality of FS (ATS/ERS)(49) for both equip-
ment and tests, it is common to find that adherence to these standards is lower than expected,
even in specialized environments. The lack of appropriate strategies to enforce the use of those
recommendations has been pointed out as a main barrier to high-quality FS. The statement
is fully endorsed by the results of the Platino study (52;53), which used a centralized quality
control assessment of FS. Moreover, as mentioned above, the problem is most relevant when
tests are performed by non-expert professionals, notably in primary care centers.

Recently, Walters JA et al. (54) showed that the percentage of high-quality FS tests carried
out by trained nurses was approximately 76%, whereas that percentage dropped to 44% in
non-trained professionals. These results confirm the existing evidence (52;55) indicating that
external quality assurance needs to be implemented in primary care testing to enhance quality
of testing and to ensure long-term sustainability of high-quality testing over time. Moreover, in
an extensive review of FS done in primary care, it was found that general practitioners identi-
fied approximately 90% of their own tests as acceptable; whereas the opinion of an external
expert decreased the acceptance rate to 64%. All in all, most authors(56;57) are skeptical
about the potential of primary care to generate high-quality testing on its own, and they agree
on the need for transferring well-established quality assurance programs from lung function
laboratories to the primary care setting to ensure quality of the tests(58). In this regard, differ-
ent reports (52;53;59) indicate the potential of telemedicine to enhance both quality of testing
and diagnosis of FS carried out by non-expert professionals, but because of technological and/
or logistic limitations precluding scalability, none of these studies show potential for general-
ization across the healthcare system.
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Transitional steps for extensive use of high-quality FS at community level

The strategies for a successful transfer of the complexities involved in shifting patient testing
from specialized care to the community with the aim of enhancing healthcare efficiencies re-
quire a combination of changes covering several dimensions, namely: re-design of clinical pro-
cesses toward Integrated Care Services (ICS); organizational and cultural aspects involving all
actors; regulatory issues; novel reimbursement modalities; and, last but not least, appropriate
use of Information and Communication Technologies (ICT) as supporting tools. Consequently,
the transition toward ICS-ICT shall be considered an intervention in a complex system(60-62),
requiring a building blocks approach to ensure the modularity and flexibility of the transfor-
mational process. It is our understanding that this approach is valid even in the rather simple
use case of forced spirometry (FS). To this end, we selected the main building blocks to be
systematically addressed in this PhD thesis in order to shape a successful strategy aiming for
scalability at a regional level with potential for transferability at a European level. We identified
seven main conceptual building blocks that have been taken into account in the process, as
briefly described below.

* Block 1 - To explore the feasibility and efficacy of web-based tools for enhancing high-
quality forced spirometry in primary care aimed at expanding the reliable use of the test-
ing procedure for the management of chronic respiratory patients at a community level.

* Block 2 - To characterize different aspects involving an efficient use of forced spirometry
testing in an ICS-ICT scenario, namely: quality control, continuous professional enhance-

ment, assistance in interpretation, etc.

* Block 3 - To identify the needs across healthcare sectors in the Catalan regions to ensure
equity of high-quality testing at a regional level.

* Block 4 - To explore novel coaching strategies.

* Block 5 -To ensure interoperability of testing across the health system.

* Block 6 - To identify elements facilitating extensive deployment, e.g. automatic assessment
of quality testing.

* Block 7 - To explore the boundaries for extending the testing approach and the potential
role of informal care to support efficient case-finding strategies.

As a way to illustrate the integration of these building blocks into the clinical processes con-
sidered in this PhD thesis, we have generated two specific use cases described in the following
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story board, from formal (Primary Care) and informal care (Pharmacy Office) scenarios, respec-
tively. Mario and John’s stories illustrate the potentialities of all seven of the building blocks
described. Our hypothesis is that putting all the items into operation will significantly enhance
management of the COPD patient. Moreover, it will pave the way for future developments in
the testing of chronic patients in a Coordinated Care scenario.

Story Board I: Primary Care diagnosis and follow-up

Virtually any adult patient attending a primary care visit because of respiratory symptoms such
as cough, shortness of breath, wheezing, phlegm, etc., with no suspicion of acute infection as
a causal factor, will be a candidate for forced spirometric testing as a basic approach to assess
lung function. Usually, FS testing including baseline spirometric curves and post-bronchodilator
testing will be carried out by a non-specialized nurse.

Let’s imagine the case of Mario, a 50-year-old man with long history of cigarette smoking (60
packs/year) seeking medical advice because of a history of chronic cough and shortness of
breath with no previous history of hospital admissions for severe exacerbations. He is an obvi-
ous candidate for forced spirometry testing and a chest X-ray.

In a standard care scenario, we may face quality problems with the testing mentioned above
because of the lack of a coaching program ensuring high-quality testing (Blocks 2-4). Addi-
tional problems are lack of transferability of the testing to other healthcare tiers because of
non-existing interoperability among health professionals (Block 5) and, also, because of poor
confidence in the quality of testing (Block 6). Moreover, such poor confidence in the quality of
the testing does not stimulate the generation of strategies facilitating clinical judgments made
on the basis of follow-up testing stored in the data systems of the same or different providers.

In this PhD thesis, we hypothesize that high-quality testing would be significantly reinforced if
the primary care nurse could upload FS testing onto an ICT platform automatically assessing
quality and providing feedback to non-specialized professionals (Blocks 1 and 7). Moreover,
through the ICT platform, nurses can receive coaching for continuous professional develop-
ment irrespective of their geographical location. The remote support could be designed for use
by other health professionals and even for patients’ self-empowerment.

Once the nurse transfers the pre- and post-bronchodilator testing to the general practitioner, he/
she makes the diagnosis. In the case that we are analyzing, Mario’s FS testing shows a moderate ob-
structive defect (post-bronchodilator FEV, 55% reference value) with only moderate but significant
changes in the bronchodilator response to salbutamol. Mario will get the diagnosis of COPD, GOLD
Il stage, with bronchial hyper-responsiveness. The GP will generate both preventive and therapeu-
tic pharmacological and non-pharmacological recommendations following COPD guidelines.
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The lack of a history of frequent severe exacerbations provides positive prognosis to the case,
but Mario shows AHR and low body mass index (BMI) which justify his stratification as a patient
with increased risk in terms of natural history of the disease. He will be managed by the general
practitioner under the supervision of the specialist to assess the systemic effects of the disease
and advice will be given regarding specific actions. Moreover, his AHR will require additional
periodical FS testing to assess both variability and rate of decline of FEV,. In these patients,
the need for high-quality FS testing remotely accessible by different healthcare professionals
and by the patient himself is particularly important in the design of an efficient strategy for
successfully modulating disease progress. As mentioned above, it is well accepted that high-
quality, accessible testing across the health system is an asset in enhancing the management
of chronic respiratory patients. In the case of Mario, FS should be used routinely, as part of the
overall strategy to modulate the natural history of the disease, reduce lung function variability
and minimize FEV, decline.

Mario may require further visits to the respiratory specialist. In this case, it will be relevant
that high-quality testing carried out in primary care is available for the specialist to properly
assess follow-up data and to prevent unnecessary duplications of testing between different
healthcare tiers and/or providers.

Story Board II: Pharmacy Office

We have previously illustrated the problem of underdiagnosis of COPD and its potential nega-
tive consequences in two main areas: i) increase of the COPD burden on the health system due
to preventable hospital admissions; and, ij) delayed adoption of early prevention strategies
that may have positive effects on modulation of the COPD progress. Consequently, the need
for case-finding programs is accepted to such an extent that several publications(63;64) have
recently explored different program designs. In this PhD thesis, we hypothesize that an inte-
grated care approach with the support of an ICT platform, but based on informal care (Com-
munity Pharmacy, CPh), could provide the basis for an efficient COPD case-finding program
without generating an additional burden for the healthcare system (Block 7).

The setting could be as simple as this: John, a 52-year-old man, active smoker, goes to the
CPh to get arterial hypertension medication. In the CPh, he sees a banner displaying a short
advertisement extracted from GOLD guidelines: “Do you cough?; b) Do you bring up phlegm or
mucus?; ¢) Do you get short of breath?; d) Are you over 40 years of age?; and e) Are you current
smoker or an ex-smoker?”.

John remembers his wife’s frequent complaints about his chronic cough and decides that it is
time to assess his respiratory condition. The CPh officer will administer the GOLD question-
naire and since it is positive, John will be invited to perform pre-bronchodilator FS testing only.

Introduction ﬂ

After successful quality testing certified by the ICT platform, the CPh officer indicates that
John’s FEV /FVC ratio is below 0.7. Consequently, an appointment to the GP is immediately
generated to formally confirm the COPD diagnosis, to complete FS testing and to get appropri-
ate therapeutic advice following GOLD guidelines. The FS administered by the CPh officer will
be transferred to John’s EHR in primary care along with information on the questionnaire and
quality of testing.

The need for an open ICT platform

NEXES developed an open ICT platform, Linkcare®, to support the deployment of the four ICS-
ICTs assessed in the project. Linkcare® has been conceived as a multi-tier health information-
sharing platform to provide organizational interoperability and knowledge-sharing among
stakeholders involved in coordinated care. In addition, it supports ICS-specific knowledge
management and allows the integration of clinical decision support tools into the workflow of
the ICS-ICT.

The Linkcare® platform functions as an Enterprise Application Integration? (EAI) framework
to support the NEXES integrated care model. In an EAI perspective, the Linkcare® platform is
composed of a set of technologies and services to provide the requested functionalities [i.e.
definition and management of integrated care programs (both by professionals and patients),
integration of information between the Linkcare® platform and external Hospital Information
Systems (HIS), call-center capabilities and remote monitoring] for the execution of integrated
care programs. A detailed description of the architecture and functionalities used in NEXES and
further developments to support scalability at regional and international levels was reported
by Cano et al (65). The technology of Linkcare® has been developed by a spin-off company,
Linkcare Health Services (Linkcare HS), of the Hospital Clinic, Barcelona.

Linkcare® provides a common basic set of technologies and services grouped by functional
modules to support Integrated Care Services. It is in a way, similar to the architecture of a
Microkernel-based Computer Operating System (66;67). The Linkcare® core module provides
a small set of simple abstractions to support the data model behind integrated care programs
and use applications called Interoperability Middlewares to provide enhanced functionalities,
as depicted in Figure 1.

1 Enterprise Application Integration (EAI) is defined as the use of software and computer systems
architectural principles to integrate a set of enterprise computer applications.
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Figure 1: Architecture of the Linkcare’Health Information Sharing Platform. The core module (central node)

includes the functionalities responsible for the management of the integrated care programs. Interoperability
with the five different extended functionalities (surrounding nodes) is ensured through the multi-tier
architecture of the core module and a Simple Object Access Protocol (SOAP) web services communication
bus. Those nodes cover different functionalities: i) Accessibility to the support center ; ii) User-profiled portals;
iii) Interoperability with Electronic Health Records (EHR) from different providers and research databases; iv)
Remote monitoring using wireless mobile technology; and, v) Clinical Decision Support (CDS).

In this architecture, the core services of the Linkcare® platform are available as web ser-
vices and support the general structure of the service model, depicted in Figure 2. At a
high functional level, Linkcare® web services can potentially offer database integration and
knowledge management, professional and access patient portals, accessibility, support
and education capabilities, remote monitoring functionalities and services to facilitate the
deployment of Clinical Decision Support Systems (CDSS). Furthermore, core services can
be easily extended so that the system is ready to incorporate future resources of ICS-ICT.
Overall, the Linkcare® platform is able to mediate between external applications that use
web services to communicate between the Linkcare® core module, which acts as a common
facade exposing only the relevant information and interfaces of the underlying applications
to the end-user.
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Figure 2: The figure depicts the conceptual integrated care model assessed in the four ICS of NEXES. The
Support Centre is one of the main access points and it plays a central role for three specific functions: i) patient

triage, ii) promoting patient self-management, and, iii) management of remote monitoring. The tele-operator
in the Support Centre receives different types of requests (health issues, administrative problems and social
support requests) from target patients that are resolved or the most efficient resource from the network
of providers is promptly activated (i.e. the call is transferred to a nurse, a home visit or day hospital visit is
triggered, etc). The system is operational only for target patients with chronic conditions that are managed by
programs (ICS) following well-standardized interventions, providing patient-centered care. Novel accessibility
tools like the patient portal, also called the personal health folder, are generating positive outcomes.

During 2012, the architecture of the ICT platform has evolved further to support scalability
of ICS at regional level. Recent developments have focused on enhanced data security and
privacy, plus, most importantly, achievement multicenter functionalities. The current platform
covers three major areas. Firstly, it supports patient-centered care through ICS-ICT, as de-
scribed above. Secondly, Linkcare® supports information-sharing across several working teams
and continues to develop functionalities aimed at supporting knowledge-sharing. Finally, it is
already providing interoperability at a health system level, among several proprietary health
information systems, covering the requirements for accessibility of lung function testing de-
scribed in this introductory section of the PhD thesis.
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Summary of the introductory section

The emerging healthcare model facing the challenge imposed by NCD epidemics relies heavily
on the deployment and adoption of innovative Integrated Care Services supported by Informa-
tion and Communication Technologies (ICS-ICT).

Re-design of diagnostic and follow-up testing is an important component of the ongoing trans-
fer of complexity from specialized care to the community. We are specifically addressing the
re-design of forced spirometry as a use case of this scenario.

The introductory section identifies the specific components of the change as seven building
blocks that will be covered by this PhD thesis. It is assumed that a high degree of transferability
will be achieved and, consequently, the outcomes of the thesis will mark out the basic elements
for novel interactions between hospital and primary care in terms of testing procedures.

Introduction
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Hypothesis

The transfer of functional testing from specialized to primary care within a coordinated care
scenario will improve the efficiency of care delivery and will generate cross-fertilization be-
tween levels of care. It includes rather heterogeneous groups of services:

* Transfer of technology to enhance the potential for diagnosis, monitoring and treatment
under the remote off-line supervision of the corresponding specialist.

* Programs ensuring sustainability of high-quality testing by non-specialized professionals, as
well as interpretative support.

* Remote support for screening or case-finding programs.

The general hypothesis is that extensive deployment of different, well-articulated ICS-ICTs
covering the entire spectrum of severity of chronic patients generates efficiencies at a system
level. This PhD thesis focuses on functional testing and specifically addresses forced spirom-
etry as a use case.
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General objectives

This PhD thesis aims to identify the key factors that seem to modulate success of the transfer
of forced spirometry (FS) testing to primary care and to other non-specialized professionals
and to explore the deployment of services with potential for scalability.

We aim at achieving two main outcomes from this PhD thesis. Firstly, to generate a program
for the transfer of FS to primary care and to other non-specialized professionals with potential
for regional scalability. Secondly, to identify those dimensions of the program that can be gen-
eralized to other functional testing and therapeutic procedures.
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Specific objectives

Objective 1 — Transferability of FS to Primary Care and Pharmacy Offices
Rationale

The first objective is to assess the deployment of the transfer of FS in two scenarios, each
with different purposes. The first manuscript analyzes the sustainability of a service to ensure
high-quality forced spirometry in primary care. The two other manuscripts under Objective 1
examine the potential of transferability to pharmacy offices, to generate a COPD case-finding
program.

Manuscript 1

F.Burgos, C.Disdier, E.Lopez de Santamaria, B.Galdiz, N.Roger, ML.Rivera, R.Hervas, E.Durdn,
J. Garcia-Aymerich, J. Roca on behalf of e-Spir@p group.

Telemedicine enhances Quality of Forced Spirometry in Primary Care.
Eur Respir J 2012; 39: 1313-1318.
Manuscript 2

D.Castillo, R.Guayta, J.Giner, F.Burgos, C.Capdevila, JB. Soriano, M. Barau, P. Casan on behalf of
the FARMAEPOC group.

Early detection of COPD in customers of urban community pharmacies: a pilot-study.
Respir Med 2009 Jun;103(6):839-45.
Manuscript 3

D. Castillo, F. Burgos, R. Guayta, J. Giner, J.B. Soriano, P. Lozano, X. Flor, M. Estrada, M. Mayos,
M. Barau, and P. Casan on behalf of the FARMAEPOC group.

Spirometry in community-pharmacies: a novel strategy to reduce COPD underdiagnosis.

BMJ (submitted).
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Objective 2 — Assessment of requirements for scalability at regional level
Rationale

Within objective 2, we performed two clusters of studies. The first two (manuscripts 4 and 5)
analyze the status and needs of FS testing in Catalonia. The second cluster includes two stud-
ies (manuscripts 6 and 7) with specific proposals for training programs for deployment in Cata-
lonia and at a European level. All these studies were performed directly under the auspices of
the Catalan Master Plan of Respiratory Diseases.

Manuscript 4

Nuria Roger, Felip Burgos, Jordi Giner, Alba Rosas, Ricard Tresserras, Joan Escarrabill y el grupo
de trabajo de funcién pulmonar del Plan Director de las Enfermedades del Aparato Respirato-
rio (PDMAR).

Survey about the use of Lung Function Testing in Public Hospitals in Catalonia in 2009.

Archivos Bronconeumologia 2013 Feb 13. doi:pii: S0300-2896(13)00003-3. 10.1016/j.ar-
bres.2012.12.006. [Epub ahead of print].

Manuscript 5

M2Antonia Llauger, Alba Rosas, Felip Burgos, Elena Torrente, Ricard Tresserras, Joan Escarrabill
y el grupo de trabajo de funcién pulmonar del Plan Director de las Enfermedades del Aparato
Respiratorio (PDMAR).

Estudio de la funcidn pulmonar basica en los centros de atencién primaria de Catalufia.
Atencion Primaria 2013 (submitted).

Manuscript 6

Escarrabill J, Roger N, Burgos F, Giner J, Molins A, Tresserras R en nombre del Grupo de Funcién
Pulmonar y del equipo directivo del PDMAR.

Design of a basic training program to get quality spirometry.

Educacion Médica 2012; 15 (2): 103-107.

Specific Objectives ﬂ

Manuscript 7

B.G. Cooper, I. Steenbruggen, S. Mitchell, T. Séverin, E. Oostveen, F. Burgos, H. Matthys, H.
Normand, J. Kivastik, J. Leuppi, M. Flezar, M. Agnew,O. Pedersen, S. Sorichter, V. Brusasco, W.
Tomalak, P. Palange.

HERMES Spirometry: the European Spirometry Driving Licence.

Breathe 2011; 7: 258-264.

Objective 3 — Technological contributions

Rationale

In this PhD thesis, two areas were identified in which specific technological contributions were
needed to ensure the success of the deployment. Firstly, the design and production of a FS-CDA
for structured data transfer supporting interoperability across healthcare tiers (manuscript 8)
and, secondly, the development of an automatic tool (algorithm) for remote FS quality control
(manuscript 9).

Manuscript 8

Tomas Sala, Carles Rubies, Carlos Gallego, Pilar Mufioz, Felip Burgos, Joan Escarrabill.

Technical Requirements of Spirometers in the Strategy for Guaranteeing the Access to Quality
Spirometry.

Arch Bronconeumol. 2011;47(9):466—469.

Manuscript 9

Felip Burgos, Umberto Melia, Montse Vallverdu, Filip Velickovski, Pere Caminal, and Josep Roca.
Clinical Decision Support System to Enhance Quality Control of Forced Spirometry.

Eur RespirJ (to be submitted after patent registration).
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Results

First study
Telemedicine enhances Quality of Forced Spirometry in Primary Care.

F.Burgos, C.Disdier, E.Lopez de Santamaria, B.Galdiz, N.Roger, ML.Rivera, R.Hervas, E.Duran, J.
Garcia-Aymerich, J.Roca on behalf of e-Spir@p group.

Published in European Respiratory Journal.

Eur RespirJ 2012; 39: 1313-1318.
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Telemedicine enhances quality of forced
spirometry in primary care

Felip Burgos*, Carlos Disdier”, Elena Lopez de Santamaria', Batxi Galdiz’,
Nuria Roger’, Maria Luisa Rivera®, Ramona Hervas®, Enric Duran-Tauleria’,
Judith Garcia-Aymerich** and Josep Roca*, on behalf of e-Spir@p group**

ABSTRACT: Forced spirometry is pivotal for diagnosis and management of respiratory diseases,
but its use in primary care is suboptimal. The aim of the present study was to assess a web-based
application aiming at fostering high-quality spirometry in primary care.

This was a randomised controlled trial with 12 intervention primary care units (PCi) and six
control units (PCc) studied over 12 months. All 34 naive nurses (PCi and PCc) received identical
training. The PCi units had access to educational material and remote expert support. Quality of
spirometry and usability of the web application were assessed.

We included 4,581 patients (3,383 PCi and 1,198 PCc). At baseline, quality was similar (PCi 71%
and PCc 67% high-quality tests). During the study, PCi showed higher percentage (71.5%) of high-
quality tests than PCc (59.5%) (p<<0.0001). PCi had 73% more chance of high-quality performance
than PCc. The web application was better for assessing quality of testing than the automatic
feedback provided by the spirometer. Healthcare professionals’ satisfaction and usability were

high.

The web-based remote support for primary care by specialists generated a sustained positive
impact on quality of testing. The study expands the potential of primary care for diagnosis and
management of patients with pulmonary diseases.

KEYWORDS: Forced spirometry, information technology, primary care, quality control, tele-

medicine

line test for clinical assessment of patients

with respiratory symptoms. Because of its
high applicability and information content [1, 2],
FS plays a pivotal role in the diagnosis and follow-
up of chronic obstructive respiratory diseases [1-
4]. It is of note that relevant clinical guidelines
indicate the need for a widespread use of spiro-
metry in primary care for early detection and
appropriate management of asthma and chronic
obstructive pulmonary disease (COPD). There is,
however, a great deal of controversy [5-8] regard-
ing the quality of the tests performed in primary
care by nonexpert professionals, resulting in sub-
optimal deployment of FS. Consequently, effective
training of healthcare professionals ensuring high
quality of FS in primary care is crucial to generate
reliable results preventing unnecessary test dupli-
cations across the healthcare system.

F orced spirometry (FS) is viewed as a first-

Quality of FS strongly depends on adherence
to international recommendations [9, 10]. The
American Thoracic Society (ATS)/European
Respiratory Society (ERS) documents establish
well-defined quality control criteria for both
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equipment and tests, but they do not include indi-
cations on strategies to ensure sustained quality
assurance in clinical settings wherein nonexpert
professionals are likely to perform the tests. Pre-
vious experiences in remote support of FS [11-14]
seem to indicate both feasibility and positive
outcomes, but none of them shows scalability or
potential for generalisation.

The current randomised controlled study carried
out in five areas of Spain throughout a 1-yr
follow-up period examines efficacy, acceptability
and usefulness of a web-based application [15]
providing remote assistance to nonexpert profes-
sionals for both quality assurance and support to
interpretation of the tests.

MATERIAL AND METHODS

The research was carried out from 2007 to 2008 in
five different areas of Spain that were organised
for the study purposes as independent nodes
located in: Extremadura (south-western region of
Spain), Basque Country (north of Spain) and three
nodes in Catalonia (north-eastern area of Spain).
At baseline, a survey on available resources to
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perform FS and the perceived need of the test in primary care
was administered to the general practitioners (GPs) participat-
ing in the study [16].

Each node (fig. 1) had a reference centre (lung function
laboratory) from a tertiary hospital with a specialised lung
function professional playing the role of coordinator of the
primary care units of the node. They were responsible for
blindly scoring (from A (best score) to F (worse score)) (table 1)
all spirometric tests performed in the area for both intervention
and control groups [17].

In each primary care unit, patients eligible for the study were
selected among those with respiratory symptoms that required
testing based on the GP’s criteria, without any restriction
related to age, sex or clinical status. Forced spirometry was
carried out by naive nurses. No information on clinical status
of the patients was used for the purposes of the study.

The 18 primary care centres included in the trial were randomly
allocated, within each node, either to one of 12 intervention
primary care centres (PCi) or six control primary care centres
(PCc). Up to 34 nurses, five coordinators, three telecommunica-
tion engineers and ~150 GPs participated in the study.

The research was approved by the Ethical Committee of the
Hospital Clinic i Provincial de Barcelona (Barcelona, Spain)
and the corresponding ethical committee of each participating
node. Patient consent was not required for the present study.

The study protocol included a 2-day training course for all
nurses of the two groups (PCi and PCc) using a methodology
close to that applied by the National Institute for Occupational
Safety and Health (Centers for Disease Control, Atlanta, GA,
USA) [18]. The training course was carried out in each node at
the beginning of the study. At the end of the training, all
participants had performed several FS manoeuvres and had
participated in discussions on standardisation of FS [10].

The nurses of the intervention group (PCi) were instructed in
the management of the website and were able to access it
during the whole study period. The educational content was
specifically designed to empower the healthcare professionals
to perform high-quality testing. It included a description of the

Five nodes
Lung
function
laboratory
v
12 PCi 6 PCc

FIGURE 1. Structure of each node. The 12 intervention primary care units (PCi)
had a bidirectional communication with the lung function laboratory playing a role as
a support centre, whereas the six control primary care units (PCc) only transferred
information to the support centre without any feedback. The five nodes were Bilbao
(two PCiand two PCc), Céceres (two PCi and one PCc), Vic (three PCi and one PCc),
Badalona (two PCi and one PCc) and Barcelona (three PCi and one PCc).
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spirometers used in the study, international recommendations
on FS and educational videos.

The application provided a forum facilitating communication
among healthcare professionals (GPs and nurses) and with the
node’s coordinator. The nurses were able to generate specific
questions to the coordinator related to quality or interpretation
of the test and they received regular individualised feedback
from the coordinator regarding the quality of the spirometries
loaded into the system.

The coordinator of each node was also responsible for the
evaluation of each test loaded into the system, following the
classification described in table 1, and generated, on a weekly
basis, a report addressed to each PCi nurse including informa-
tion on several aspects of quality control of the tests analysed,
namely: repeatability of the manoeuvres, characteristics of the
curves, and checks for starting (back-extrapolation) and ending
(expiratory time) of those manoeuvres accepted by the primary
care professionals. The quality assessment was based on visual
analysis of both flow-volume and volume-time manoeuvres.
All node coordinators were instructed to follow strictly identical
criteria for grading the tests throughout the study period. There
was a general supervision of the node coordinators’ tasks per-
formed by F. Burgos, assessing for homogeneity of the coordi-
nators grading criteria.

In contrast, the healthcare professionals included in the control
group did not have access to the web application. The 2-day
face-to-face training course was the only support provided to
them throughout the entire study period.

Technical setting

We used two types of spirometric systems conforming to the
ATS/ERS recommendations [9, 10]. In all cases, the system was
connected to a personal computer. In two out of the five nodes,
we used a disposable and pre-calibrated pneumotachograph-
based spirometer (Datospir 110; Sibelmed, Barcelona, Spain),
whereas in the three remaining nodes, an ultrasound transit
time-based spirometer (EasyOne; ndd Medical Technologies,
Barcelona, Spain) was used. The FS equipment had the original
software without any modification except for the potential to
export the data from all tests in XML (Extensible Markup
Language) format. Briefly, each node used the same type of
spirometer independently of being an intervention or control
centre. In all cases, the nurses were instructed to use the
automatic quality messages generated by the equipment.
Although the two systems had a build-in capacity to generate
automatic messages, only those of the EasyOne spirometer
were explicitly for the users. Consequently, the comparison
between remote reviewer and automatic feedback was only
reported for those nodes using EasyOne spirometer.

The application tested in the current study is one of the
modules of the information and communication technology
platform used to support management of chronic patients [15,
19]. Such a platform provided traceability of all the actions
taken during the follow-up period. A VeriSign™ Trust Node
(Symantec™, Sunnyvale, CA, USA) security system was used
to ensure confidentiality of encrypted data shared through the
Internet. After the end of the follow-up, we assessed accept-
ability of the web-based quality control programme by the GPs
involved in the study. Usability of the web application was
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ar:\:15=5 1 Quality scores for spirometric manoeuvres according to American Thoracic Society (ATS)/European Respiratory
Society (ERS) standardisation [9, 10, 17]

Score Description

1 acceptable manoeuvre
0 acceptable manoeuvres

MO O W >

3 acceptable manoeuvres, and best 2 matched with differences in FVC and/or FEV1 <150 mL
3 acceptable manoeuvres, and best 2 matched with differences in FVC and/or FEV1 <200 mL
2 acceptable manoeuvres, and best 2 matched with differences in FVC and/or FEV1 <250 mL

A and B were considered high-quality spirometry; C was considered to represent high variability among manoeuvres. FVC: forced vital capacity; FEV1: forced expiratory

volume in 1 s.

also assessed (Software Usability Measurement Inventory
(SUMI); University College Cork, Cork, Ireland) [20] by the
nurses that performed the tests.

Data analysis

Characteristics of the sample are presented as n (%) for
categorical variables or mean+spD for continuous variables
(since all of them followed normal distributions). Comparisons
of sociodemographic and lung function variables between the
intervention and control group were made using Chi-squared or
ANOVA tests, as appropriate. Effects of the intervention in the
quality of the spirometry were tested by comparing the per-
centage of quality grade A and B spirometries between PCi and
PCc, both at each month and during the whole study period,
using the Chi-squared test. Additionally, multivariate logistic
regression analyses were built with quality of spirometry as the
outcome and intervention as the main exposure, adjusting for
differences between PCi and PCc subjects. Data analysis was
conducted using Stata 10.1 (StataCorp, College Station, TX,
USA). A p-value <0.05 was considered statistically significant.

RESULTS

Study groups

We examined 4,581 subjects whose main anthropometric
characteristics, age and lung function results are displayed in
table 2. Each subject had been scheduled only once for a visit to
a primary care clinic and FS was performed following the
criteria of the GP.

11:\:18=31 Main characteristics of the two study groups

All Intervention Control p-value
Subjects n 4581 3383 1198
Males % 55.7 55.2 56.8 0.335
Age yrs 53.6+18.9 545+18.0 51.1+£21.0 <0.001
Height cm 163.2+10.5 163.5+10.0 162.2+11.7 0.030
FEV1 % pred 78.5+22.8 7854229 78.3+22.4 0.784
FVC % pred 83.5+19.6 83.8+19.6 82.5+19.3 0.037
FEV1/FVC % 71.6+13.1 7124133 7264126 0.001

Data are presented as mean+sb, unless otherwise stated. FEV1: forced
expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity. Bold
indicates statistically significant p-values.
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We observed that subjects in the intervention group were
slightly older and moderately taller than those in the control
group. Mean forced expiratory volume in 1 s % predicted was
moderately abnormal with no differences between groups. In
contrast, forced vital capacity was within the reference interval,
but slightly lower in controls than in the intervention group.

The main results of the self-administered baseline question-
naire [16] to assess the status of FS in primary care are
displayed in table 3. It was answered by 146 (99%) GPs from
the 18 primary care centres participating in the study.

Effects of the intervention

After the first quarter, monthly percentages of high-quality FS
manoeuvres were significantly and consistently higher in the
intervention than in the control group (fig. 2). The intervention
group presented an average of 71.5% high-quality spirometries
throughout the whole study period, with no differences be-
tween months 1 and 12. In contrast, the control group showed a
lower mean percentage (59.5%) (p<<0.001) of high-quality tests
during the whole study period with a statistically significant
fall between month 1 (67%) and month 12 (62%) (p=0.011).
Throughout the study, the difference in percentage of high-
quality tests between intervention and control groups increased
from 4%-points at month 1 up to 16%-points at month 12
(p<<0.05). No differences between groups were seen in score C
(table 1). However, while the proportion of tests within the
lowest score (F) increased from 9.3 to 16.2% in the control group,
we observed a decrease in the intervention group, from 15.2 to
5.2%. The results of the logistic regression analysis indicated
that the effects of the intervention remained after adjusting for
baseline differences (age, lung function and sex), such that tests

ay:\:{H=<3 Status of forced spirometry (FS) among
participating general practitioners (GPs) at

baseline
GPs %
ility of FS i 26
Use of FS among those that had equipment 73
Specific training on FS 65
Knowledge of the equif 7
Performance of the calibration routines 12
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FIGURE 2. Percentage of high-quality tests, ie. scores A and B (three
acceptable manoeuvres and best of two with differences in forced vital capacity
(FVC) and/or forced expiratory volume in 1s (FEVi) <150 mL, and three
acceptable manoeuvres and best of two with differences in FVC and/or FEV1
<200 mL, respectively), in the intervention and control groups throughout the study
period. *: p<0.05; ***: p<0.001

in the intervention group had a 73% higher chance of high-
quality performance than those of the control group. We noticed
that PCi professionals performed a higher number of spiro-
metric manoeuvres than those of the PCc group. Up to 3% of
intervention subjects made eight manoeuvres whereas the
maximum amount of manoeuvres in the control group was six.

Automatic assessment of quality

In the subset of primary care centres using EasyOne, we
compared quality scores automatically generated by the system
with those provided remotely by experienced professionals.

Automatic quality assessment presented a pattern indicating
statistically significant effects of the intervention similar to those
indicated in figure 1, but the absolute figures of spirometric
manoeuvres identified as acceptable tests were consistently
lower than those seen with remote assessment by experienced
professionals, as indicated below. At the beginning of the study,
automatic quality assessment did not show differences in
percentages of acceptable manoeuvres between intervention
and controls, whereas at the end of the follow-up the amount of
high-quality spirometries in the intervention group (55%) was
higher than in the control group 43% (p=0.035) with an average
difference of 13.5%-points. The equivalent figures using the same
equipment but with the remote professional assessment were
71.5% (intervention group) and 59.5% (control group) (p<<0.0001)
with a similar mean difference of 12%-points between interven-
tion and control. Accordingly, underestimation of acceptable
spirometric manoeuvres generated by automatic quality assess-
ment as compared with assessment carried out by expert
professionals showed an average of -16%-points.

Acceptability of the web application

The results of the survey carried out among the GPs (n=126,
86% response rate) 1 month after the end of the study indi-
cated an acceptable level of overall appreciation of the web
functionalities (97% were satisfied with a score of 7.3+2, from 0
to 10) together with a rather low percentage (26%) of GPs
indicating problems of implementation of the intervention.
Overall, the GPs reported that the web application provided
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FIGURE 3. Median scores of the different dimensions of the Software Usability
Measurement Inventory questionnaire [20] to assess usability of the web application
(see text for further explanation). Whiskers represent 95% confidence intervals.

added value both enhancing quality of the tests and providing
support for interpretation.

Finally, the usability of the web application was examined by
administering the SUMI [20] questionnaire to the 34 nurses that
carried out the tests with an 87% response rate. Figure 3 presents
the results obtained for the five dimensions assessed in the
questionnaire (efficiency, effect, helpfulness, control and learn-
ability) as well as the score of overall satisfaction. Notice that
except for the control, all the scores were >50, representing an
acceptable degree of usability. As expected, the control (fig. 3)
was uniformly <50, consistent with the fact that the tested
software, by study design, did not allow choices to the users.

DISCUSSION

The principal aims of the current research were to examine
efficacy, acceptability and usability of a web-based application
covering three main functionalities: 1) accessibility to educa-
tional material for continuous professional development; 2)
remote support for quality assurance of tests performed by
nonexperts; and 3) remote assistance for lung function
interpretation. We acknowledge that previous reports [11-14]
have indicated the potential of telemedicine to enhance quality
of both testing and diagnosis of FS carried out by nonexpert
healthcare professionals, but none of the studies show potential
for generalisation across the healthcare system due to techno-
logical and/or logistical factors precluding their scalability.

Our research clearly indicates a sustained beneficial impact of
the intervention increasing high-quality tests (scores A and B)
by ~20% (fig. 2) and decreasing the percentage of very low-
quality spirometries (score F) during the follow-up period.
Also, the professionals acknowledged the usefulness of the
web application as a tool for remote assistance on interpreta-
tion of the tests and to empower nonexpert professionals
increasing their skills to perform high-quality FS in primary
care. It is of note, however, that the impact of the application
on diagnosis was beyond the scope of the current research.

Does the intervention fulfil unmet needs in primary care?

The baseline survey carried out with the participating GPs
indicated that the professionals acknowledged the need for
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support on training and interpretation of the tests in order to
achieve the full potential of FS when used in primary care.
Moreover, international clinical guidelines endorse extensive
use of high-quality FS in primary care. Unfortunately, despite
enhanced awareness of the problem over the last few years,
COPD is still associated with marked underdiagnosis, without
a significant decrease during the last decade (from 78% to 73%
between 1997 and 2007) [21]. Still too often, a diagnosis of
COPD is made after an episode of severe exacerbation or
during the first hospital admission.

Our data confirm that accessibility of appropriate support
facilitating quality assurance of the tests performed at the
primary care level or in the patient’'s home is needed. It is
classically accepted that ~10% of patients’ data may need to be
disregarded in lung function laboratories because of technical
inadequacies. This percentage can be as high as 40% in epide-
miological surveys without a proper quality assurance strategy
[4]. We must acknowledge, however, that these figures show a
marked decline when efforts to ensure quality control are
adequately implemented [4, 22].

It is well accepted that training constitutes a pivotal element to
achieve high-quality FS when performed by nonexperts. Recent
data on a centralised quality control programme carried out as
part of the PLATINO (Proyecto Latinoamericano de Inves-
tigacion en Obstruccion Pulmonar) study [23] fully endorse
the statement. In the primary care setting, WALTERS et al.
[24] recently showed that the percentage of high-quality FS
tests with trained nurses was ~76% whereas that percentage
dropped to 44% in untrained professionals. Different authors
[6, 25-27] have elaborated on the need to transfer well-
established quality assurance programmes from lung function
laboratories to the primary care setting to ensure quality of the
tests. There is evidence [28, 29] suggesting that external quality
assurance to primary care needs to be implemented. In an
extensive review of FS performed in primary care, it was found
that general practitioners identified ~90% of their own tests as
acceptable; whereas the opinion of an expert decreased the
acceptance rate to 64%. Moreover, a recent report [30] indicates
that conventional training does not ensure sustainability of
high-quality testing. Interestingly, our research found that the
effects of the intervention were also seen by automatic assess-
ment of quality. But such a modality of assessment generated a
marked underestimation (-16%-points) of acceptable spiro-
metric manoeuvres as compared with assessment by experi-
enced professionals.

To our knowledge, the current study constitutes the first attempt
to successfully implement a web-based standard training pro-
gramme reinforced by telecollaboration tools allowing remote
assistance of primary care professionals by specialists. In this
regard, the intervention was conceived to provide long-term
sustainability of the training programme through continuous
empowerment of primary care professionals. The results ge-
nerated by the current research endorse this vision and they
suggest that the current approach meets the requirements for an
extensive adoption of FS in primary care.

Limitations of the study

The quality assessment was based on visual examination of the
curves which, in some cases, may limit accurate identification
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of the end of the test. We acknowledge that implementation of an
automatic algorithm should be considered as a useful decision
support tool for the node coordinator. As indicated above, the
study is not addressing the impact of remote assistance on
diagnosis with FS. Moreover, we did not aim to perform a
detailed analysis of factors modulating extensive deployment
and adoption of the intervention. The latter would have required
a specific design including several types of chronic patients
covering a broad spectrum of disease severity.

Conclusions

The current study shows that telecollaboration between
primary care professionals and lung function specialists has
a positive impact on quality assurance of FS performed by
nonexperts. We would like to emphasise that the intervention
assessed in the current study seems to show high potential for
generalisation across the healthcare system, such that future
studies aiming to examine adoption of the proposed strategy
should be encouraged.

SUPPORT STATEMENT

The study was supported by CIBERES, FIS grants 04/2728 and 04 /2749,
MAPFRE 2006, PII-EPOC (SEPAR), NEXES (Supporting Healthier and
Independent Living for Chronic Patients and Elderly; grant CIP-ICT-
PSP-2007-225025) and an unrestricted grant from Boheringer-Pfizer.
J. Garcia-Aymerich has a researcher contract from the Instituto de Salud
Carlos III (grant CP05/00118), Ministry of Health, Spain.

STATEMENT OF INTEREST

Statements of interest for F. Burgos, C. Disdier and J. Roca, and for the
study itself can be found at www.erj.ersjournals.com/site/misc/
statements.xhtml

ACKNOWLEDGEMENTS

The e-Spir@p group investigators are as follows: N. Roger (Hospital
General de Vic, Vic, Spain); M. Rovira (CAP, Torello, Spain); J. Oliva
(CAP, Santa Eugenia, Spain); C. Esteve (CAP, Santa Eugenia, Spain);
F. Comas (CAP, Sant Hipolit, Spain); M.J. Bravo (CAP, Sant Hipolit,
Spain); D. Lafont (CAP, Tona, Spain); A. Baucells (Universitat de Vic,
Vic, Spain); C. Disdier (Hospital Universitario de Valladolid, Vallaloid,
Spain); J.M. Gutierrez' (Centro de Salud Manuel Encinas, Céceres,
Spain); C. Jimenez (Centro de Salud Manuel Encinas, Caceres, Spain);
R. Montero (Centro de Salud Manuel Encinas, Céceres, Spain);
A. Garrido (Centro de Salud San Jorge, Caceres, Spain); M. Reviriego
(Centro de Salud San Jorge, Caceres, Spain); A. Barroso (Centro de
Salud Plaza de Argel, Caceres, Spain); J. Magariiio (Centro de Salud
Plaza de Argel, Caceres, Spain); C. Rubio (Centro de Salud Plaza de
Argel, Caceres, Spain); M.L. Rivera (Hospital Tries i Pujol, Badalona,
Spain); E. Monsé (Hospital Tries i Pujol, Badalona, Spain); R. Hervas
(Hospital Tries i Pujol, Badalona, Spain); L. Palacios (Gorg, Sant Adria
de Besos, Spain); M. Martinez (Gorg, Sant Adria de Besos, Spain);
G. Tintoré (Gorg, Sant Adria de Besos, Spain); Y. Chicon (Barraquer,
Sant Adrid de Besos, Spain); A.M. Andres (Barraquer, Sant Adria de
Besos, Spain); M.L. Garcia (San Roc, Sant Adria de Besos, Spain);
S. Maneus (San Roc, Sant Adria de Besos, Spain); E. Lopez-Santamaria
(Hospital de Cruces, Bilbao, Spain); B. Galdiz (Hospital de Cruces,
Bilbao, Spain); A. Telleria (Centro de Salud Las Arenas, Las Arenas,
Spain); A. del Val (Centro de Salud Las Arenas, Las Arenas, Spain);
I Llanas (Centro de Salud Las Arenas, Las Arenas, Spain); M.J. Lana
(Centro de Salud Sodupe, Sodupe, Spain); T. Vazquez (Centro de Salud
Sodupe, Sodupe, Spain); J.A. Pardo (Centro de Salud La Paz, La Paz,
Spain); B. Roldan (Centro de Salud Desierto, Barakaldo, Spain);
E. Durdan (PAMEM Viladomat, Barcelona, Spain); C. Costi (PAMEM
Viladomat, Barcelona, Spain); M. Prados (PAMEM Viladomat,
Barcelona, Spain); L. Ricart (PAMEM Viladomat, Barcelona, Spain);

VOLUME 39 NUMBER 6 1317

TELEMEDICINE AND SPIROMETRY

J. Moreno (PAMEN Barceloneta, Barcelona, Spain); J. Esteban (PAMEN
Barceloneta, Barcelona, Spain); R. Gali (PAMEN Villa Olimpica,
Barcelona, Spain); E. Font (PAMEN Villa Olimpica, Barcelona, Spain);
M. Gamiz (PAMEN Larrad, Barcelona, Spain); S. Roig (PAMEN Larrad,
Barcelona, Spain); C. Alonso (PAMEN Larrad, Barcelona, Spain);
M. Serrate (PAMEN Larrad, Barcelona, Spain); F. Burgos (Hospital
Clinic, Barcelona, Spain); J. Roca (Hospital Clinic, Barcelona, Spain);
A. Alonso (Hospital Clinic, Barcelona, Spain); B. Vallespin (Linkcare,
Barcelona, Spain); D. Fonollosa (Linkcare, Barcelona, Spain); and
W. Lalinde (Linkcare, Barcelona, Spain).

The authors thank I. Serra (CREAL, IMIM Barcelona, Barcelona, Spain)
for the statistical and data analysis, C. Gistau, M. Sim¢, C. Argaia,
J.L. Valera (all Hospital Clinic, Barcelona, Spain) and all the respiratory
technologists that participated in the study for their cooperation.

REFERENCES

1 Bateman ED, Hurd SS, Barnes PJ, ef al. Global strategy for asthma
management and prevention: GINA executive summary. Eur
Respir | 2008; 31: 143-178.

2 Celli BR. The importance of spirometry in COPD and asthma:
effect on approach to management. Chest 2000; 117: Suppl. 2,
155-19S.

3 Rabe KF, Hurd S, Anzueto A, et al. Global strategy for the
diagnosis, management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am | Respir Crit
Care Med 2007; 176: 532-555.

4 Soriano B, Zielinski J, Price D. Screening for and early detection of
chronic obstructive pulmonary disease. Lancet 2009; 374: 721-732.

5 Derom E, van Weel C, Liistro G, et al. Primary care spirometry. Eur
Respir ] 2008; 31: 197-203.

6 Eaton T, Withy S, Garrett JE, et al. Spirometry in primary care
practice: the importance of quality assurance and the impact of
spirometry workshops. Chest 1999; 116: 416—423.

7 Schermer T, Eaton T, Pauwels R, et al. Spirometry in primary care:
is it good enough to face demands like World COPD Day? Eur
Respir | 2003; 22: 725-727.

8 Schermer TR, Jacobs JE, Chavannes NH, et al. Validity of
spirometric testing in a general practice population of patients
with chronic obstructive pulmonary disease (COPD). Thorax 2003;
58: 861-866.

9 Miller MR, Crapo R, Hankinson J, et al. General considerations for
lung function testing. Eur Respir ] 2005; 26: 153-161.

10 Miller MR, Hankinson J, Brusasco V, et al. Standardisation of
spirometry. Eur Respir | 2005; 26: 319-338.

11 Bonavia M, Averame G, Canonica W, et al. Feasibility and
validation of telespirometry in general practice: The Italian
"Alliance" study. Respir Med 2009; 103: 1732-1737.

12 Bellia V, Pistelli R, Catalano F, et al. Quality control of spirometry
in the elderly. The SA.R.A. study. SAlute Respiration nell’Anziano
= Respiratory Health in the Elderly. Am | Respir Crit Care Med
2000; 161: 1094-1100.

13 Centers for Disease Control and Prevention. Spirometry
Longitudinal Data Analysis (SPIROLA) Software. www.cdc.gov/

1318 VOLUME 39 NUMBER 6

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

F. BURGOS ET AL.

niosh/topics/spirometry/spirola.html Date last accessed: March
23, 2012. Date last updated: September 27, 2011.

Masa JF, Gonzalez MT, Pereira R, et al. Validity of spirometry
performed online. Eur Respir | 2011; 37: 911-918.

Roca J, Vallespin B, Burgos F. Telemetric developments in
respiratory monitoring. ERS Buyers” Guide 2009; 67-73.

Naberan K, de la Rosa C, Lamban M, et al. Utilizacion de la
espirometria en el diagnostico y tratamiento de la EPOC en
atencion primaria. [Use of spirometry in the diagnosis and
treatment of chronic obstructive pulmonary disease in primary
care.] Arch Bronconeumol 2006; 42: 638-644.

Ferguson GT, Enright PL, Buist AS, et al. Office spirometry for
lung health assessment in adults: a consensus statement from
the National Lung Health Education Program. Chest 2000; 117:
1146-1161.

Centers for Disease Control and Prevention. NIOSH Spirometry
Training Guide. www.cdc.gov/niosh/docs/2004-154c/ Date last
accessed: March 23, 2012. Date last updated: December 2003.
Roca J, Alonso A, Hernandez C. Integrated care for COPD
patients: time for extensive deployment. Breathe 2008; 5: 26-35.
Wong GK, Rengger R. The Validity of Questionnaires designed to
Measure User-Satisfaction of Computer Systems. National
Physical Laboratory report DITC 169/90. Teddington, National
Physical Laboratory, 1990.

Soriano JB, Ancochea J, Miravitlles M, et al. Recent trends in COPD
prevalence in Spain: a repeated cross-sectional survey 1997-2007.
Eur Respir | 2010; 36: 758-765.

Menezes AM, Perez-Padilla R, Jardim JR, et al. Chronic obstructive
pulmonary disease in five Latin American cities (the PLATINO
study): a prevalence study. Lancet 2005; 366: 1875-1881.
Perez-Padilla R, Vazquez-Garcia JC, Marquez MN, et al.
Spirometry quality-control strategies in a multinational study of
the prevalence of chronic obstructive pulmonary disease. Respir
Care 2008; 53: 1019-1026.

Walters JA, Hansen EC, Johns DP, et al. A mixed methods study to
compare models of spirometry delivery in primary care for
patients at risk of COPD. Thorax 2008; 63: 408—414.

Levy ML, Quanjer PH, Booker R, et al. Diagnostic spirometry in
primary care: proposed standards for general practice compliant
with American Thoracic Society and European Respiratory Society
recommendations. Prim Care Respir ] 2009; 18: 130-147.

Lopez de Santa ME, Gutierrez L, Legorburu C, et al. Calidad de la
espirometria en las consultas neumologicas de un area jerarqui-
zada. [Spirometry: quality in the respiratory medicine clinics of a
public health care area.] Arch Bronconeumol 2002; 38: 204-208.
MacIntyre NR. The American Association for Respiratory Care
and the National Lung Health Education Program: assuring
quality in spirometry. Respir Care 2004; 49: 587-588.

Hankinson JL. Office spirometry: does poor quality render it
impractical? Chest 1999; 116: 276-277.

White P, Wong W, Fleming T, et al. Primary care spirometry: test
quality and the feasibility and usefulness of specialist reporting. Br
] Gen Pract 2007; 57: 701-705.

Borg BM, Hartley MF, Fisher MT, et al. Spirometry training does
not guarantee valid results. Respir Care 2010; 55: 689-694.

EUROPEAN RESPIRATORY JOURNAL



Impact of Information and Communication Technologies on Remote Testing Results

Second study
Early detection of COPD in customers of urban community pharmacies: A pilot study.

D.Castillo, R.Guayta, J.Giner, F.Burgos, C.Capdevila, JB.Soriano, M.Barau, P.Casan on behalf of
the FARMAEPOC group.

Published in Respiratory Medicine.

Respir Med 2009 Jun;103(6):839-45.



Impact of Information and Communication Technologies on Remote Testing Results

Respiratory Medicine (2009) 103, 839—845 840 D. Castillo et al.

Conclusions: COPD case finding by spirometry in high-risk customers of urban community pharma-
cies is feasible. Similarly to primary care practitioners, pharmacists have access to high-risk,
middle-aged subjects who have never been tested for COPD. Pharmacists can help with early
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Introduction

Early diagnosis of COPD is important because smokers with
demonstrated airway obstruction are more likely to quit
smoking." Recently, the U.S. Preventive Services Task Force
(USPSTF) recommended against screening the general
population for chronic obstructive pulmonary disease
(COPD) using spirometry (grade D recommendation).?
However, the same document recognised that individuals
presenting respiratory symptoms (chronic cough, increased
sputum production, wheezing, or dyspnea) should be
tested. This position is consistent with the recommenda-
tions of other relevant groups: the American Thoracic
Society (ATS) and the European Respiratory Society (ERS)
advise performing spirometry on all persons with smoking
exposure, a family history of chronic respiratory illness, or
respiratory symptoms,* and the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) recommends that clini-
cians consider a diagnosis of COPD ‘in any patient who has
dyspnea, chronic cough or sputum production, and/or
a history of exposure to risk factors for the disease’ and
that the ‘diagnosis should be confirmed by spirometry’.*

At present, detection of COPD is limited to case finding
at the primary or tertiary care levels, a strategy that has
proven largely inadequate. One large population-based
survey showed that a high percentage (63%) of subjects
with airflow limitation had never received a diagnosis of
obstructive lung disease. In Spain, underdiagnosis has been
estimated to be around 80%.°

Pharmaceutical care, which has been useful in the
management of ambulatory patients with chronic diseases
such as asthma,” might offer a new approach to COPD case
finding. Community pharmacists trained to perform
spirometry have been successful in improving access to lung
function measurement in rural communities,® and we
hypothesized that they might also be able to help in an
urban general population. For such an approach to work,
the pharmacist would need to be able to select high-risk
individuals in whom spirometry should be performed. The
aim of this pilot study was to assess the feasibility of
a program of case finding of COPD by spirometry in
community pharmacies.

Methods
Pharmacist selection and training

To recruit pharmacist participants, we contacted commu-
nity pharmacies in a smoking prevention group formed
through the professional association for this sector (Official
College of Pharmacists, COFB) in Barcelona, Spain. The
study had been approved by the ethics committee of

Hospital Clinic i Provincial, Barcelona. Thirteen of the 19
members of the smoking prevention group accepted,
agreeing that a staff pharmacist would attend a four-day
spirometry training course in February and March 2007.
Training was based on the guidelines of the National Insti-
tute for Occupational Safety and Health (NIOSH),® the ERS/
ATS, " and the Spanish Society of Pulmonology and Thoracic
Surgery (SEPAR)."" The volunteer pharmacists recruited
subjects from among customers arriving during their regular
work shifts of about 8h per day and they conducted
interviews and tests between attending customers. The
daily routine of the pharmacy was not modified so that our
results would not overestimate the number of new cases of
COPD that can be found by this route in real conditions.

Spirometer and assessment procedures

The portable spirometer (Easy-One Spirometer, ndd Medical
Technologies, Ziirich, Switzerland) was chosen because it is
easy to handle and has been used in other population
screening studies.'? Calibration was checked at the begin-
ning of the study and did not have to be re-checked daily.
The device has built-in software that ranks spirometry
quality (grades A—F) in accordance with standard European
classifications.”® An A or B rating indicated acceptable
quality, because both levels supposed three good
manoeuvres with at least two readings of forced vital
capacity (FVC) and forced expiratory volume in 1s (FEV)
differing by <150—200 ml. In addition, an expert in lung
function (F.B.) reviewed and rated all spirometry curves
according to the same criteria.

Lung function measurements included FEV, FVC and the
FEV/FVC ratio. FEV,; and FVC were expressed in liters and
as the percentage of reference values for the Spanish
population.' According to the Spanish COPD guidelines, '
and as recently proposed elsewhere for mass screening
programs,’® we used pre-bronchodilator lung function to
classify airflow limitation, defined by an FEV,/FVC
ratio < 0.70.

Subject selection and evaluation

During April and May 2007, customers who entered the
participating community pharmacies and who seemed to be
in the targeted age range (>40 years) were approached
with opening questions about respiratory symptoms or
smoking. If a candidate expressed interest in the topic, the
pharmacist explained the objectives of the research and
the voluntary nature of participation. Participants signed
a consent form if interested, and the pharmacist then asked
about previous diagnoses of lung disease or use of inhaled
medication and sociodemographic data as stipulated by



Impact of Information and Communication Technologies on Remote Testing

COPD case finding by spirometry

841

a written questionnaire. Individuals aged < 40 years or who
had a history of lung disease or use of inhalers were
excluded at this time. To assess the risk of COPD, we used
the GOLD screening questionnaire, as recommended in the
2006 guidelines.* This questionnaire consisted of questions
on five items referring to more breathlessness than people
of the same age, chronic cough, chronic sputum, age > 40
years, and smoking. Subjects with >3 affirmative answers
were offered spirometry. Those in whom the FEV,/FVC
ratio was <0.70 were referred to a lung function unit in
a university hospital (Hospital de la Santa Creu i Sant Pau or
Hospital Clinic | Provincial, both in Barcelona). Within
24—48 h spirometry was repeated by an expert nurse using
the same brand of spirometer. Refusal to continue partici-
pating in the study was recorded with the specified reason.
Smokers were also encouraged to quit smoking through
a cessation program, as giving this advice was part of the
normal routine for these volunteer community pharmacists.

Statistical methods

Descriptive data of participants and subgroups are pre-
sented as mean and standard deviation unless otherwise
stated. We compared participants with a low and high COPD
risk, and spirometry data in the normal and abnormal
groups, using t-tests for normally distributed parametric
data and the Kolmogorov—Smirnov test for non-parametric
data (quality spirometry, gender, tobacco exposure and
GOLD screening score). Using the Wilcoxon rank sum test
we compared each subject’s expiratory flow rates
measured at the pharmacy and the hospital. A Bland—Alt-
man graph was also created to show individual differences
between pharmacy and hospital FEV; values. Statistical
significance was set at P<0.05 for comparisons between
groups. All analyses were performed using the Statistical
Package for Social Sciences (SPSS) for Windows, version
15.0 (SPPS Inc., Chicago, Illinois, USA).

Results

A total of 254 customers approached by the pharmacists
expressed interest in the study; 188 (74%) agreed to
participate by signing the consent form after the nature of
the study was explained. Reasons given by the 66 subjects
who declined to participate included no time to wait
(n = 28, 42%), no interest (n = 12, 18%), already diagnosed
with a respiratory condition (n= 14, 21%) and others
(n =12, 18%). Twenty-seven of these 188 initial partici-
pants were excluded by the pharmacists when criteria were
reviewed; reasons for exclusion at this time were age < 40
years or previous lung disease (Fig. 1).

The 161 remaining volunteers agreed to fill in the GOLD
screening questionnaire for COPD. The average age of these
participants was 55 + 11 years, 94 (58%) were women, and
124 (77%) were smokers or ex-smokers. The mean GOLD
screening score was 3.0+1.2. Sixty-one of the 161
respondents (38%) had a score < 3 and 100 (62%) a score of
>3, indicating they were at high risk for COPD (Table 1).
The age and proportion of women in the two groups were
similar. More high-risk customers were smokers or
ex-smokers, and they also had a higher mean GOLD

screening score than those at low risk. Those in the high-
risk group were offered spirometry; only three refused and
one was excluded because she was ill with a respiratory
infection at that time. Customers who attended spirometry
had at least one symptom. Chronic cough was the most
common (66%) but each symptom was present in about half
the subjects (chronic sputum 54%, breathlessness 63%).
Low-risk subjects were more frequently asymptomatic
(chronic cough 6%, chronic sputum 5%, breathlessness 3%).

Thus, 96 high-risk subjects performed spirometry in the
pharmacy. Sixty-five (68%) had an FEV;/FVC% ratio >0.70
and 21 (22%) had an FEV{/FVC% ratio <0.70, indicating
airflow limitation. The distribution of airflow limitation by
age is shown in Fig. 2. Ten were unable to perform the
manoeuvres correctly. Personal characteristics and
spirometry results for those who performed a correct
spirometry are shown in Table 2. According to our pre-
bronchodilator data, airflow limitation was mild in 13 (62%)
of the subjects in whom it was detected, moderate in 7
(33%) and severe in 1 (5%).

Out of the 86 patients who underwent spirometry,
airflow limitation (FEV/FVC ratio < 0.70) was detected in
21 (24%), and they were invited for referral to a hospital
pulmonary function laboratory for further assessment. Only
11 (52%) subjects both accepted referral and actually went
to the laboratory. In all cases, the airway obstruction was
confirmed. Moreover, the lung function values recorded in
the community pharmacy and in the hospital pulmonary
function laboratory were similar in both settings (FEV4,
P=0.5; FVC, P=0.89; and FEV,/FVC ratio, P = 0.14)
(Fig. 3). Of note, among those referred to the hospital, two
presented a pre-bronchodilator FEV, < 60%.

Finally, spirometric curves in the pharmacy were of
acceptable quality overall, with 70% rated as A or B quality
by the spirometer software and 73% were considered of
acceptable quality by the lung function expert. The quality
rating tended to be even better in subjects with airflow
limitation, 76% of whom were considered to have A or B
quality curves, but the difference was not significant
(P=0.71).

Discussion

Individuals at high risk for COPD can be detected by
spirometry screening undertaken by adequately trained
pharmacists in urban community pharmacies. Our data
show that pharmacists were able to identify customers with
respiratory symptoms and/or smokers in a population in
which the majority were middle-aged subjects who had
never been tested for COPD. Furthermore, the pharmacists
were able to supervise high quality spirometry manoeuvres
in 70% of subjects, finding one case of airflow limitation for
every five individuals tested, a rate that was similar to that
reported for the UK primary care setting.'®

Spirometry in the primary care setting has been shown
to be useful in screening for COPD and it continues to be
promoted as the means for diminishing the population
underdiagnosis of this disease."”” Additionally, the
usefulness of reporting individual lung age to smokers has
been elegantly confirmed recently.’ However, lack of
technical or human resources in primary care is a limiting
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Pharmacy customers, mainly former or current
smokers or those with respiratory symptoms
254 subjects invited to participate

66 refuse: 27 excluded: 161 included

No time to wait, 28 Age <40, 15

No interest, 12 History of lung disease, 12

Previously diagnosed, 14

Other, 12

’ GOLD questionnaire ‘
<3 items >3 items
61 subjects 100 subjects
Spirometry proposed
| Excuded: |
i 3refuse '
L ‘
Incorrect manoeuvre FEV,/FVC <0.70 FEV,/FVC >0.70
10 subjects 21 subjects 65 subjects
Hospital referral
’ 11 Accept ‘ ’ 10 Refuse ‘
Figure 1  Flow chart showing subject processing from pharmacy to hospital referral.
factor,'® compounded by primary care physicians’ low that the community pharmacy can provide a complemen-

rate of request for spirometry.?® Therefore, under-
diagnosis in the primary care setting continues to be
inordinately common.?' In this pilot study, our finding

tary setting for COPD case finding in the general pop-
ulation offers hope of improving the health care system’s
screening potential.

Table 1  Characteristics of the participating pharmacy customers.

All customers (n = 161) Low risk (n = 61) High risk (n = 100)
Age, mean + SD 55+ 11 56 + 11 55+ 11
Women, n (%) 94 (58) 38 (62) 56 (56)
Smoking history, n (%) 124 (77) 36 (59) 88 (88)*
GOLD score, mean + SD 3.0+£1.2 1.7+0.4 3.8+0.82

2 Significant differences were found between low-risk and high-risk groups for smoking history (smokers or ex-smokers) (P = 0.01) and
GOLD score (P = 0.01). GOLD = Global Initiative for Chronic Obstructive Lung Disease.
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Figure 2  Distribution of percent predicted FEV, by age for all
participants (subjects with airflow limitation are represented
by filled circles).

Widespread use of spirometry in screening for COPD has
been questioned.? The current recommendations are to
study subjects at high risk.2~* All subjects offered spirom-
etry in our study were in fact symptomatic as detected by
the questionnaire, suggesting that inappropriate resource
consumption can be kept under control by applying a GOLD-
criteria-based screening questionnaire. Our use of the
GOLD screening questionnaire to assess the risk of COPD
followed recommendations in the 2006 guidelines,*
although recently validated questionnaires with the same
goal are available elsewhere.??

Our study also shows that pharmacists can obtain valid
spirometries if they are well-trained and highly motivated.
Seventy percent of the spirometry curves were judged to be
of A- or B-level quality after review by an expert in lung
function testing; that success rate was higher than the
reported 63% in a previous pharmacy study.® Only 10% of
the subjects who were invited to perform spirometry in the
community were unable to produce correct manoeuvres
under the pharmacists’ supervision, a situation quite similar
to that reported for the primary care level.?* The quality of
spirometry was also reflected in the lack of differences in
results in pharmacy and hospital measurements for the
same subjects.

An interesting finding was the predominance of women
among the pharmacy customers. Given that the prevalence
of COPD in Spain has been found to be 14.3% in men and
3.9% in women in a population-based study,® we expected
males to predominate among the tested subjects.
However, women accounted for 58% of the subjects and
57% of the positive spirometries. The pharmacy seems to
be a particularly good setting, therefore, to find cases in
women, among whom the prevalence of COPD seems to be
rising.2*

A limitation of this study was the absence of a broncho-
dilator test. Although most guidelines recommend the use
of post-bronchodilator spirometry to diagnose and stage
COPD, other authors call for simplicity, especially for large-
scale screening.">?>2% We ruled out the use of post-bron-
chodilator tests in pharmacies because of evident concerns
about practicality, safety, and efficiency. Should this
approach be implemented, we continue to consider that
bronchodilator tests should be performed in the hospital
laboratory after referral. Another limitation and the main
logistical problem of this study is related to referral of
subjects with possible COPD from the community pharmacy
to the hospital. In our study, nearly half of those with
spirometry results indicating airflow limitation declined
a hospital appointment. No time or lack of interest were
the reasons most often stated. We suspect that declining
referral may reflect either a lack of interest in quitting
smoking or milder disease. The general population has little
knowledge about COPD,?” in comparison with other condi-
tions such as cardiovascular disease, and they, therefore,
do not consider respiratory disease to be a serious personal
threat.

To conclude, in this pilot study, we have shown that
COPD case finding by spirometry in urban community
pharmacies is feasible. Pharmacists have access to high-
risk, middle-aged subjects who have never been tested for
COPD, and if the pharmacists are correctly trained, they
can detect airflow limitation by spirometry with results that
are similar to those previously reported at primary care
level. Pharmacists are health service professionals who are
not presently involved in screening for COPD but whose

Table 2 Characteristics and respiratory function data for subjects who performed spirometry correctly and were classified by
FEV;/FVC ratio as having normal (ratio > 0.70) or reduced airflow.

All spirometries

Normal spirometry Airflow limitation

(n = 86) (n = 65) (n=121)
Women, n (%) 49 (57) 37 (57) 12 (57)
Age (y) 55 + 11 54 +10 57 +12
Smoking history, n (%) 74 (86) 56 (86) 18 (86)
GOLD score 3.8+0.8 3.8+0.8 3.7+0.8
BMI 27.1+£5.1 27.8+4.7 25+5.72
FEV; (1) 2.5+0.7 2.7+0.6 2.14+0.72
FEV, (% ref. val.) 86+0.2 91+ 0.1 72+0.12
FVC (l) 3.4+0.9 3.4+0.9 3.24+£1.0
FVC (% ref. val.) 89 (0.2) 90 (0.2) 85 (0.1)
FEV4/FVC ratio 0.76 (0.1) 0.79 (0.1) 0.64 (0.1)?

Data are expressed as mean + SD unless otherwise noted.

2 Significant differences in BMI (P = 0.03), FEV; (P = 0.01), FEV4% (P = 0.01) and FEV,/FVC ratio (P = 0.01) were found between the

normal and abnormal spirometry groups.

FEV, = forced expiratory volume in 1 s; FVC = forced vital capacity; and GOLD = Global Initiative for Chronic Obstructive Lung Disease.
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Figure 3  Bland—Altman graph for comparison of the phar-
macy- versus hospital-obtained percent predicted FEV;.

participation may represent a useful complementary
strategy for early case finding.
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ABSTRACT

Objective: To assess the effectiveness of a COPD case finding program in community
pharmacies.

Methods: Prospective, cross-sectional, descriptive, uncontrolled, remotely supported
study (NCT01576068) in 100 community pharmacies (CP) in Barcelona, Spain.
Pharmacists were trained in a four-day workshop on spirometry and COPD, and each
was provided with a spirometer during 12 weeks. The program included questionnaires
and forced spirometry measurements, whose quality was controlled and monitored by
web-assistance.

Results: Overall 2,295 (73.5%) of 3,121 CP customers invited, accepted to participate
in the program, and 1.456 (63.4%) were identified as “high risk” for COPD using the
GOLD questionnaire. Only 33 could not conduct spirometry, and a pre-bronchodilator
airflow limitation (FEV/FVC ratio <0.7) was confirmed in 282 (19.8%); 244 of them
were referred to their primary care (PC) physician for further diagnostic and therapeutic
work-up, but only 39 of them (16%) fed-back this information to the pharmacist.
Finally, it is of note that clinically acceptable quality spirometries (grade A or B) were
obtained in 69.4% of the cases.

Conclusions: This study shows that adequately trained and supported community
pharmacists can effectively identify individuals at high risk of having COPD and can

thus contribute to ameliorate underdiagnosis in this disease.

Abstract word count: 198 words.

KEY WORDS: COPD, case finding, quality forced spirometry, community

pharmacies.
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INTRODUCTION
“What this paper adds” box It is now estimated there are at least 328 million people with chronic obstructive
pulmonary disease (COPD) in the World, yet 80% or more of them are not diagnosed
Section 1: What is already known on this subject

and, hence, not treated.'” Several position papers have recently emphasized the

COPD underdiagnosis is one of the major problems in management of the disease.

. . . . importan f strategies to r ing under-diagnosis in PD.>* In a previ mall
Current case-finding strategies have shown to be insufficient. portance of strategies to reducing under-diagnosis in CO a previous sma

Section 2: What this study adds pilot study, we showed that COPD case finding in community-pharmacies (CP) is

feasible.” Now, in the current study: (1) we extend this pilot observation to a much large
Adequately trained and supported community pharmacists can effectively identify

individuals at high risk of suffering COPD. Then, CP could be added to COPD case- number of CP (n=100); (2) we use Information and Communication Technologies (ICT)

finding programs. . . . . . .
£ prog to provide remote spirometric quality control to CP, as recently shown in primary

care(PC);® and, (3) we explore the real-life effectiveness of this COPD case finding
program by focusing in particular on the inter-relationship between the formal (PC) and

informal (CP) components of the health-care system.

METHODS

Design of the study, Participants and Ethics

This was a prospective, cross-sectional, descriptive, multicenter (CP), uncontrolled,
remotely supported study (NCT01576068). The Official College of Pharmacists of
Barcelona (Col-legi Oficial de Farmaceéutics de Barcelona-COFB) offered to all its
members the possibility to participate, and 100 CP located in the province of Barcelona
(both rural and urban settings) volunteered, most of whom had previously participated
in other CP health-care programs. CP were divided in 5 groups (20 pharmacists each)
that participated in the study in five sequential “Study Rounds”, from September 2010
to February 2012 (approximately 12 weeks each round). The study protocol was

approved by the Ethics Committee of Hospital del Mar (Barcelona, Spain), and all
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participants signed a consent form. Also, all smokers were encouraged to quit smoking
by the attending pharmacist.

In brief (Figure 1), during regular working hours, CP customers within the targeted age
range (>40 years) were asked by the attending pharmacists about respiratory symptoms
and smoking. If the customer expressed an interest in the topic, the pharmacist
explained the volunteer nature, objectives, goals and risks of the study. If interested,
customers signed a consent form and answered a standardized questionnaire that
included socio-demographic data as well as questions about previous respiratory
diseases and use of respiratory medications. Individuals younger than 40 years or with a
previous history of lung disease or use of respiratory medication were excluded from
the study at this time (Figure 1). Remaining participants were asked to answer a 5-item
questionnaire (older than 40 years of age?, current or previous smoking exposure?, more
breathlessness than peers of the same age? and presence of chronic cough or
expectoration?) to identify subjects at high-risk of suffering COPD (those with 3 or
more “yes” answers), as proposed by the Global Initiative for Chronic Obstructive
Disease (GOLD).” High risk subjects were then offered a standardized forced
spirometry (see below), and those with evidence of airflow limitation (as defined by an
FEV/FVC ratio lower than 0.70), were recommended to contact their PC physician for
further clinical evaluation and eventual treatment (Figure 1). Finally, the PC physician
was asked to return to the CP a questionnaire with the specific diagnostic and/or
therapeutic actions taken in that particular individual within the next 3 months. In all
cases, the specific reason(s) for refusal to participate in the study at any stage (Figure 1)

were recorded.

Education and training of pharmacists

Every pharmacist participating in the study attended a four-day (16 hours) hands-on
training course on forced spirometry (FS) according to international guidelines and
officially accredited by the Catalonian Government using the spirometer later employed
in the study (Easy-One®, ndd Medical Technologies and Sonmedica, Zurich,
Swizerland).*'® Pharmacists were also instructed in the management of the web-

database used during the study to collect all data (Linkcare®).°®

Spirometry

Like in our pilot study,” spirometry was conducted by using an Easy-One® spirometer,
because it has been shown to be adequate for population studies, it does not require
regular calibration, and it fulfils all ERS/ATS technical recommendations.''™ As
recommended by guidelines, each CP allocated an adequate space for spirometry
testing. The spirometer was connected to a personal PC with internet access so
spirometric results were uploaded automatically into a specific web database
(Linkcare®).®

As have been recommended for COPD case-finding strategies, and in order to make a
simple and feasible initial measure in CP, only pre-bronchodilatador spirometry was
done." Reference values used correspond to the Spanish population.”’ Spirometry
quality was classified into grade A to F following international recommendations
(Table 1)**'® An expert in spiromety (FB) reviewed and rated manually all
measurements loaded into the system and reported back weekly to each CP on the
quality of their tests, including their repeatability, characteristics and onset (back

extrapolation) and end (expiratory time) maneuvers. Pharmacists were then able to ask
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specific queries and feedback to the expert. The Linkcare® ICT platform provided

traceability of all actions and dialogs that occurred during the study.®

Statistical analysis

Data were quality controlled centrally and a homogeneous template to translate all
coding was applied. Variables were double-checked by each pharmacist and the
principal investigator, and values that were considered as potential errors or outliers
were individually discussed and confirmed, or removed. Comprehensive tabulations
with ranges, mean and standard deviation of all quantitative variables, and percentages
of all qualitative variables, were available for each CP. Results are presented as mean
(+standard deviation) or n (and percentage) as needed. The Student T-test and Chi® test
were used to compare differences between groups as appropriate. A p<0.05 was

considered statistically significant.

RESULTS

The flow of participation in the study is presented in Figure 1. Of 3,121 CP customers
invited to participate in the program, 2,295 (73.5%) accepted. There was no non-
response bias, as the age and gender distribution of participants in all five rounds were
not significantly different from those not participating (Table 2). Of the 2,295
participants, 1,456 (63.4%) were identified as “high risk” for COPD using the GOLD
screener questionnaire. Demographic and clinical characteristics of participants at low
or high risk groups for COPD are presented in Table 3, where it can be seen that age
was similar in both groups (55.4+10.4 years versus 54.2+10.2 years in the low vs. high

risk group, respectively, p n.s.), but participants at high risk were most often male

(p<0.05), and with higher smoking exposure and, experiencing more respiratory

symptoms, all these being items within the screener questionnaire (Table 3).

The majority (69.4 %) of spirometries performed were grade A and B, and they were
considered of acceptable clinical quality by the expert (FB). This percentage remained
stable in the five sequential study rounds (Figure 2, panel A). As a sensitivity analysis
following previous reports, should we had considered grade C also as clinically
acceptable, this figure would have risen to 75.1 %.'” Only 8.9% were ranked as quality

grade F, the worst possible.

Table 4 shows the clinical characteristics and spirometric results of participating
subjects at high risk for COPD. Of 1,423 individuals completing quality-controlled pre-
BD spirometry, 282 (19.8%) had airflow limitation with an FEV/FVC% ratio <0.70
compatible with COPD. This was remarkably reproducible in all temporal study rounds
(Chi* p for trend n.s.) (Figure 2, panel B). Patients with airflow limitation were
significantly older, mostly males and (by definition) had worse lung function than those
with normal spirometry but interestingly, cumulative smoking exposure and body-mass
index (BMI) were similar in both groups (Table 4). Figure 3 presents the distribution of

FEV| (% predicted) by age in participants with and without airflow limitation.

All subjects with pre-BD airflow limitation but those 38 (13.5%) with poor quality
spirometry were referred to their PC physician for further evaluations (244). Only 39
(15%) of them provided feed-back to the CP and returned the filled up questionnaire
requested. In eleven of them (28%) COPD was confirmed by the PC physician, and in 6

(15%) inhaled treatment was started.
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DISCUSSION

This study: (1) extends our previous pilot experience (7) to a larger population of
community pharmacies (n=100) and confirms that a COPD case finding program in
high-risk customers is feasible using a simple questionnaire and forced spirometry; (2)
confirms that the use of a TIC platform to control the quality of spirometries is both
feasible and effective, not only in PC as previously reported by our group, but also in
CP;® and, (3) shows that this strategy can effectively identify undiagnosed COPD

patients.

Underdiagnosis, hence undertreatment, is one of the main unmet medical needs in
COPD. Decreased quality of life and daily life activities have been reported in
undiagnosed COPD subjects.lg'19 Unfortunately, epidemiological studies in Spain
showed that from 1997 to 2007 COPD underdiagnosis was reduced by only 5
percentage points, from 78% to 73%.2° Therefore, reducing COPD underdiagnosis is a
public-health priority. The spirometry case finding program assessed here was able to
identify one in five (20%) of high risk individuals with airflow limitation. Because we
limited our case-finding to find new diagnoses, as we excluded 245 participants who
reported prior lung disease or current use of inhalers, the GOLD screener could have
given a much higher yield, higher than one in three (i.e.: (282+245)/1423=37.0%). This

2122 indicating that this

figure is remarkably similar to that published in primary care,
type of case finding strategies are likely to work similarly in PC and CP. Further, the
proportion of individuals with airflow limitation in our study was independent of the

study round (Figure 2, panel B), supporting the internal validity of this observation.

Admittedly, the clinical diagnosis of COPD requires the combination of exposure to risk

10

factors, symptoms, non-fully reversible airflow limitation and the exclusion of other
obstructive airway diseases such as asthma and bronchiectasis, among others.”* Given
that only a minority of individuals returned the information requested to their PC
physician (Figure 1), we cannot provide a final figure for a confirmed diagnosis of
COPD. Yet, this limitation illustrates the need to improve the coordination between
formal (PC) and informal (CP) stake-holders in our health-care system, but does not

detract from the validity of the case finding strategy in CP investigated here.

High quality forced spirometry is essential for the diagnosis and management of COPD.
22326 We found that most spirometries were of clinically acceptable quality grade. Our
study clearly indicates that well-trained and supervised (using web-based tools)
pharmacists can obtain high quality spirometries in CP, similarly to what we showed
recently in a primary care setting using similar tools.® In fact, these observations add to
the emerging concept of “Healthy Living Pharmacy” (HLP) that explores the potential
of CP to promote healthy living.”” CP can play an important role in a number of health-
promoting programs, including smoking cessation, cardiovascular diseases or screening
for HIV.?*%° Within respiratory diseases, previous studies have shown that CP can help

in the management of asthma,*® but to our knowledge, their role in COPD case finding

had not been addressed before (other than in our previous pilot study).’

Our study has some limitations. Firstly, because of logistic issues, we did not measure
post-bronchodilator spirometry despite that this is recommended for COPD diagnosis.
22 Yet, pre-bronchodilator spirometry has been widely used in epidemiological studies
and, in any case, the goal of the COPD case-finding program was not establish the

diagnosis of COPD (a competence of PC physicians) but to refer to them for further
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work up undiagnosed individuals whom are most likely to suffer this disease.'*'

Second, our strategy involved the use of well-trained pharmacists, TIC support, two
questionnaires and quality-controlled forced spirometry. It can be argued it is too
cumbersome for many CP, so simpler screening strategies, perhaps using questionnaires

and peak-expiratory flow measurements, deserve investigation.**’

In summary, this study shows that adequately trained and supported community

pharmacists can effectively identify individuals at high risk of suffering COPD.

Study founded by: A research grant from the Sociedad Espafiola de Neumologia y
Cirugia Toracica (Becas SEPAR 2008), and an unrestricted grant from Boheringer-
Ingelheim and Pfizer. This study is integrated in the strategy of research in COPD of the

Spanish Respiratory Society (PII-EPOC SEPAR).
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FIGURE LEGENDS Table 1. Quality scores of spirometry maneuvers according to ATS/ERS

. . (9.16) . . .
Figure 1. STROBE flowchart of participation in the study standardization. A and B scores are considered high quality measurements.

Figure 2. Panel A. Proportion of A and B grade spirometries by study rounds. RLELgSeaRely) Description
Footnote: There were no statistically significant differences between them. Panel B. A 3 acceptable maneuvers, and best 2 matched with differences in FVC and / or FEV
<0.15L
Proportion of high-risk subjects for COPD with airflow limitation (FEV/FVC < 0.70)
B 3 acceptable maneuvers, and best 2 matched with differences in FVC and / or FEV,
by study rounds. There were no statistically significant differences between them
<0.20L
C 2 acceptable maneuvers, and best 2 matched with differences in FVC and / or FEV,
Figure 3. Relationship between age and FEV, (% predicted) in participants with (blue |
<0.25m
circles) and without (green circles) airflow limitation.
D 1 acceptable maneuver
F None acceptable maneuvers
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Table 2. Demographic characteristics of all invited individuals(see Figure 1) and also Table 3. Demographic and clinical characteristics of participants at low and high risk of
COPD. Asterisk indicate p<0.05 between the two groups.
by the sequential study rounds (see Methods). Asterisk indicates p<0.05 between

groups. Low risk High risk
(n=228) (n=1,456)
Age, mean+ SD 55.4+£10.4 54.2+10.2
Participants Refused to Women, n (%) 33.7% 45.1%*
e Smoking history, (%)
(n=2.295) (n=826) Never 14.1 0.7*
Age (years), mean+SD | 55.0£11 55.3+11 Current 383 64.0%
Women, % 46.4 453 Former 476 3537
GOLD Risk Score, mean+SD 1.7+0.7 3.6+0.7*
Study Round, % With Chronic Cough, (%) 13 490
G 18.1 16.1 With. Chronic sputum production, (%) 31 48.5%
Two 2117 12.2% More breathlessness than people of the same age, (%) 3.1 64.6*
Three 16.7 12.0 Age over 40 years old, (%) 100 100
Four 23.6 46.5% Current or former smoker, (%) 85.9 99.3*
Five 19.9 13.2
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Table 4. Clinical characteristics and respiratory function for subjects who performed
spirometry correctly and were classified by FEV/FVC ratio as normal or with airflow

limitation (FEV/FVC <0.70).

52.849.6

59.7£10.7*

47.5 35.5%

0.5 0.7

63.5 65.7

36.0 33.6

3.5+0.7 3.7+£0.7*

26.9+6.0 26.5+4.4

2.9+0.69 2.21+0.75*

1.02+0.2 0.82+0.2*

3.7+0.87 3.5+1.06*

1.01+£0.2 0.99+0.2%*

0.78+0.05 0.63+0.07*

BMI: Body Mass Index; FEV: Forced expiratory volume in the 1% second; FVC: forced

vital capacity.
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Results: A lack of uniformity was observed in the use of spirometry at the regional level (between 0,98
and 1.50 spirometries per 100 inhabitants). We identified two factors associated with a higher rate of
spirometry: i) the existence of a Respiratory Medicine Department at the hospital, and ii) the existence
of a set location to carry out spirometries. Several areas for improvement also were identified: quality
control of the test itself, the inclusion of spirometry in electronic health-care records and continuing
education programs.

Conclusions: The results of this study have identified areas for improvement in spirometry programs.
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Introduccién: El infradiagndstico es uno de los problemas de mayor impacto en las enfermedades respi-
ratorias y requiere intervenciones especificas. Una de ellas es tener acceso a una espirometria de calidad.
Este es uno de los objetivos del Plan Director de Enfermedades Respiratorias del Departament de Salut
de la Generalitat de Catalunya.
Objetivo: Conocer la utilizacién de la espirometria hospitalaria en Cataluiia, y conocer los posibles déficits
y las opciones de mejora.
Meétodo: Estudio transversal mediante una encuesta a los 65 hospitales piblicos de Catalufia durante el
afio 2009. Se realiz6 un andlisis descriptivo para cada region sanitaria.
Resultados: Se observé una falta de homogeneidad en la utilizacién de la espirometria a nivel territorial
(de 0,98 a 1,50 espirometrias por 100 habitantes). Se identificaron 2 factores que estin asociados a una
mayor tasa de espirometrias: la existencia de un servicio de neumologia en el centro y disponer de
una ubicacién estable para realizar espirometrias. Como dreas de mejora se identificaron el control de cali-
dad de la prueba, la inclusién en los sistemas hospitalarios de informacién y los programas de formacién
continuada.
Conclusiones: Los resultados de este estudio han permitido identificar las dreas de mejora para un pro-
grama a desarrollar.
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Background: Underdiagnosis is one of the problems with the greatest impact on respiratory disease
management and requires specific interventions. Access to quality spirometry is especially important and
is an objective of the Master Plan for Respiratory Diseases of the Department of Health of the Generalitat
de Catalunya.

Objective: To determine the current use of spirometry at public hospitals in Catalonia, possible deficien-
cies and options for improvement.

Methods: A cross-sectional survey of 65 public hospitals in Catalonia in 2009. Descriptive analyses were
developed for each public health-care region.
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Introduccion

Las enfermedades respiratorias son la tercera causa de muerte
enlos paises desarrollados’. Elimpacto sobre el sistema sanitario es
muy elevado. En nuestro medio las enfermedades respiratorias cau-
san el 10% de los ingresos hospitalarios, y el 20% de dichos ingresos
estd relacionado con la enfermedad pulmonar obstructiva crénica
(EPOC)2. La prevalencia de la EPOC en personas de mas de 40 afios
se sitda alrededor del 10%3#. La agudizaci6n de la EPOC es un pro-
blema de salud relevante, por el riesgo elevado para el paciente en
lo que concierne a la supervivencia, y las exacerbaciones frecuentes
aumentan la mortalidad®. La mortalidad durante el ingreso es del
6,7% y la mortalidad al afio tras la agudizacién es del 33%°, aunque
en nuestro medio Almagro et al.” reportan una mortalidad del 22%,
con un elevado porcentaje de reingresos: el 38% de los pacientes
reingresan al afio, y la media del tiempo desde el alta al reingreso
es de 5 meses®.

El infradiagnéstico es uno de los problemas mads graves en
el manejo de las enfermedades respiratorias, especialmente de
la EPOC?, que se mantiene persistente a lo largo de los afios.
Unicamente un tercio de los pacientes con EPOC reconocen que
padecen esta enfermedad'?, y el 21% de los pacientes que ingre-
san por exacerbacion de la EPOC afirman que ningin médico
les atiende regularmente por el problema respiratorio'!. Ademas
del infradiagndstico, es preciso considerar el porcentaje de «mal
diagnéstico»1213, Pellicer Ciscar et al.'# observan que, incluso en el
medio hospitalario, la falta de espirometria es el factor mas impor-
tante para explicar el mal diagndstico de la EPOC. En comparacién
con los pacientes con insuficiencia cardiaca crénica, los pacientes
con EPOC es menos probable que tengan una prueba confirmatoria
realizada, incluso si ambas condiciones coexisten!>:16,

La reduccién del infradiagnéstico y el diagnéstico apropiado
requieren intervenciones especificas, pero sobre todo garantizar el
acceso a una espirometria de calidad'”-18,

Uno de los retos mas importantes de todos los sistemas sani-
tarios consiste en identificar las estrategias mas adecuadas para
establecer prioridades y trasladar las decisiones a la primera
linea asistencial’®20, El Departament de Salut de la Generalitat
de Catalunya se sirve de los Planes Directores?! para acercar los
planteamientos estratégicos a los operativos con el fin de mejo-
rar la atencién al paciente. Uno de los objetivos del Plan Director
de Enfermedades Respiratorias (PDMAR) del Departament de Salut
es el de garantizar al clinico el acceso a una espirometria de cali-
dad independientemente del ambito asistencial en el que trabaje.
En este contexto, el presente estudio pretende conocer la utiliza-
cién de la espirometria en el dmbito hospitalario de prestacion
publica de Catalufia, y hacer patentes los posibles déficits, opcio-
nes de mejora y posibles desequilibrios territoriales en el estudio
de funcién pulmonar, y especialmente en la espirometria.

Material y método

El estudio se ha realizado en el marco de la red de hospitales
publicos de Catalufa. El sistema sanitario publico de Catalufia es
un sistema nacional de salud por el que se garantiza la cobertura a

toda la poblacién, se financia a través de impuestos y el paciente no
debe realizar pago alguno en el momento de la atencién. La finan-
ciacién de los servicios se realiza a través del Servicio Catalan de
la Salud (CatSalut), que compra servicios a diversos proveedores.
La encuesta se ha distribuido en la red de hospitales (XHUP) con
los que el CatSalut tiene contratada la prestacién de servicios. Estos
proveedores, independientemente de la titularidad publica o pri-
vada, constituyen la red de hospitales de utilizacién ptblica que
representa el porcentaje mayoritario del total de la red sanitaria de
Catalufia.

Encuesta

Se realizé un estudio transversal mediante una encuesta que se
distribuyé a los 65 hospitales de la red ptblica catalana durante el
primer trimestre de 2009 (anexo 1). La distribucién de las encuestas
se realiz6 a través de las gerencias de los hospitales, que designa-
ron un referente de neumologia para conseguir las respuestas y la
informacién complementaria si fuera necesario. Los resultados se
recogieron entre los meses de abril y junio de 2009. Se hicieron
un maximo de 3 intentos para conseguir los datos, efectuando un
recordatorio telefénico a partir del segundo intento.

Datos

La encuesta recogia informacién sobre actividad del hospi-
tal, pruebas funcionales respiratorias que se realizaban en cada
hospital, tanto bésicas (espirometria forzada) como complejas
(volimenes pulmonares, capacidad de transferencia de CO, gaso-
metria arterial), nimero de espirometrias realizadas en el afio
anterior, informacién sobre los espirémetros, solicitante de las espi-
rometrias y el lugar de realizacion de estas, control de calidad que
se realizaba, su incorporacion a las bases de datos de los hospitales,
informacién sobre los profesionales que realizaban e interpretaban
las espirometrias, formacion que recibian, etc. (anexo 1).

Respecto al lugar donde se realizan las espirometrias, a efec-
tos del presente estudio, se definié el «laboratorio de funcién
pulmonar» como un espacio identificado como tal en el que de
una manera estable trabaja como minimo un profesional de enfer-
meria para realizar espirometrias, la medicion de la capacidad de
transferencia de CO (DLCO) y/o los volimenes pulmonares.

Indicadores

Los indicadores calculados fueron: el nimero de espirome-
trias por cada 100 camas de hospital, por cada 100 altas, por
cada 100 consultas externas, por cada 100 urgencias y por cada
100 habitantes. Todos ellos se calcularon por un afio. Se obtuvieron
los resultados globales y por region sanitaria.

Andlisis estadistico
De forma inicial se realizé un andlisis descriptivo de los items

del cuestionario por el total de Catalufia, por cada una de las regio-
nes sanitarias y por los sectores sanitarios de la region sanitaria de
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Barcelona. Se calcularon el niimero de casos y las frecuencias de
las variables categoéricas y los estadisticos de tendencia central y
dispersion de las variables continuas. Para describir la magnitud de
la diferencia entre regiones se ha empleado la razén de variacién
(RV). Este estadistico es el cociente entre el valor mas alto y el mas
bajo de las tasas para el conjunto de regiones estudiadas. Su valor
indica cudnto mads varia la regién con la tasa mas alta respecto a la
regién con la tasa mds baja.

El nimero de espirometrias realizadas en cada centro se dis-
tribuye siguiendo una ley de Poisson. Para explorar la asociacién
entre el nimero de espirometrias realizadas en cada centro y los
distintos factores encuestados se construy6 un modelo de regresion
de Poisson multinivel, incluyendo el nimero de altas en el centro
como variable offset. Los factores estudiados fueron la existencia de
un servicio de neumologia en el centro, que los pacientes ingresa-
dos fueran atendidos por un neumélogo, el niimero de pruebas de
funcién pulmonar, disponer de una ubicacién estable para realizar
espirometrias, efectuar control de calidad de las pruebas, disponer
de un sistema de informacion, que los profesionales reciban for-
macion reglada y haber realizado formacién en el Gltimo afio. Se
consideré significativa una asociacién con un valor de p inferior a
0,05. Para el tratamiento de los datos se ha utilizado el programa
SPSS v18, y para el andlisis estadistico el programa STATA v11.

Resultados
Respuestas

Los 65 hospitales de la red ptblica catalana respondieron a la
encuesta, y se identificé que 8 de ellos, por ser de caracteristicas
monograficas, no realizaban espirometrias. Los resultados que se
presentan a continuacién se expresan sobre los 57 hospitales que
realizaban espirometrias. La encuesta se piloté en 3 centros hospi-
talarios de Barcelona y Vic (autores del disefio) a fin de valorar la
factibilidad de los items a responder. Las respuestas a la encuesta
fueron encargadas a los responsables médicos de cada uno de los
laboratorios de funcién pulmonar, que a su vez designaron al pro-
fesional que contestd la encuesta; no tenemos datos de la categoria
profesional y/o responsabilidad.

Presencia del neumélogo

En el 34,5% (n=19) de los hospitales existia servicio de Neu-
mologia, en el 34,5% (n=19) existia seccion de Neumologia, en el
25,5% (n=14) existia la figura del neumélogo consultor y en el 5,5%
(n=3) de los hospitales no existia ninguno de los 3 recursos ante-
riores. Los pacientes respiratorios ingresados eran atendidos en el
24,1% (n=13) de los casos mayoritariamente por neumdlogos, en
el 35,2% (n=19) por internistas y en el 40,7% (n=22) restante de
manera compartida entre neumoélogos e internistas.

Tipos de pruebas

Enlatabla 1 se muestra el tipo de exploraciones funcionales res-
piratorias que se realizaban en los 57 hospitales estudiados. Todos
los centros realizaban espirometrias. En el 85,9% (n=49) de los cen-
tros se realizaban al menos 3 de estas pruebas. En todas las regiones
sanitarias se realizaban pruebas en pacientes pediatricos, aunque
tnicamente las realizaban el 67% de los hospitales, es decir, 39
de ellos. Los hospitales realizaban espirometria en diversas ubi-
caciones del hospital o fuera del hospital que no son mutuamente
excluyentes: en el 47% (n=27) de los hospitales tienen una ubica-
cion fisica estable; en estos, el 37% (n=21) tienen un laboratorio de
funcién pulmonar segin la definicién efectuada previamente. Asi
mismo, la espirometria también se realiza en otros entornos hospi-
talarios: en el 37% (n=21) en consultas externas, en el 26% (n=15)

en el hospital de dia, en el 10% (n=17) en la sala de hospitalizacién
convencional,enel 7% (n=4)enlacasadel paciente,enel 14% (n=8)
en la sala de hospitalizacién de neumologiay en el 10% (n=17) en
la sala de hospitalizacion de medicina general.

Control de calidad

En todos los hospitales se calibraba el espirémetro haciéndolo
preferentemente el personal de enfermeria o personal técnico: 81%
(n=43)enfermeria, 30% (n=16) técnico, 17% (n=9) médico, aunque
en algunos casos la calibracién se realizaba indistintamente por los
diferentes profesionales. La interpretacion de las pruebas dependia
de la organizacién de cada centro. En el 11% (n=6) de los casos cada
médico interpretaba las pruebas solicitadas por él mismo. En el 87%
(46%) de los hospitales los neumdlogos interpretan pruebas y en el
19% (n=10) también los internistas. En el 9% (n=5) de los centros
la interpretacién la realizan los médicos de familia, y en solo un
hospital el personal de enfermeria.

El 71% (n=40) de los hospitales respondieron que efectuaban
control de calidad de las pruebas. Dado que la pregunta permitia
una respuesta abierta, los centros respondieron de forma variada,
y las respuestas mads frecuentes fueron la utilizacién de voluntarios
o profesionales sanos, la supervision directa de las pruebas, o la
informacién procedente del propio equipo de espirometria y/o el
andlisis visual de las curvas flujo-volumen.

En el 35% (n=20) la informacién aportada por la espirometria
estaba en el sistema de informacién del hospital, incorpordndose
de forma manual en 9 de ellos y automaticamente en 11. En el
24,5% (n=13) de los hospitales el contenido exacto del informe de
la espirometria pasaba a la base de datos del hospital o a la historia
clinica. En el 20,8% (n=11) de los casos se incorporaban los datos
de la espirometria en formato no desagregado, que no permite el
tratamiento individualizado de los datos (formato pdf), en el 7,5%
(n=4) de los hospitales solo los datos en un formato desagregado,
y la espirometria en su totalidad en un formato desagregado en el
3,8% (n=2) de los hospitales.

Formacion de los profesionales

Se observo que tGnicamente un hospital seleccionaba profesio-
nales con formacién previa, mientras que en la mayoria de ellos
(86,8%, n=46) se seleccionaban los profesionales y posteriormente
recibian formacién. En el 43,9% (n=25) de los hospitales los profe-
sionales que realizaban espirometrias recibian formacién interna
no reglada, en el 26,3% (n=15) recibian formacién interna reglada.
A la pregunta de qué tipo de formacién continuada realizaban,
el 25% (n=14) tnicamente realizaban formacién en el momento
de la seleccion de los profesionales, el 14% (n=8) realizaban for-
macién periédica anual, mientras que el 59,6% (n=34) realizaban
formacién de manera espontanea. A la pregunta de cuanto tiempo
hacia desde que un profesional implicado en la realizacion de
espirometrias habia realizado un curso, en el 14,8% (n=8) de hos-
pitales la respuesta fue menos de 3 meses, en el 5,6% (n=3) entre
3 y 6 meses, en el 20,4% (n=11) fue menos de un afo, en el
24,1% (n=13) entre uno y 2 afos, y en el 352% (n=19), mas de
2 afos.

Solicitud de exploraciones

La encuesta mostré que los profesionales que solicitaban la espi-
rometria eran en el 57% (n=30) el neumologo de hospital, en el 18%
(n=9) médicos especialistas en medicina interna, otros médicos del
hospital enel 11% (n=6) de los casos, neumélogos de fuera del hos-
pital en el 3% (n=2) de los casos, médicos de atencién primaria en
el 4% (n=2), y médicos de otros hospitales en el 2% (n=1).
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Tabla 1

Niimero y porcentaje de hospitales con pruebas de funcién respiratoria en cada regién sanitaria. Catalufia, 2009
Regi6n sanitaria Vol + Difusién Broncoprov. P6M Gases Esfuerzo

n % n % n % n % n %

Alt Pirineu i Aran 0 0% 1 25% 0 0% 4 100% 0 0%
Barcelona 18 62% 19 66% 23 79% 29 100% 10 34%
Catalunya Central 3 75% 3 75% 4 100% 4 100% 2 50%
Girona 1 13% 5 63% 7 88% 7 88% 4 50%
Lleida 2 100% 2 100% 1 50% 2 100% 2 100%
Camp de Tarragona 2 33% 3 50% 2 33% 6 100% 3 50%
Terres de I'Ebre 1 25% 1 25% 1 25% 4 100% 2 50%
Total 27 47% 34 60% 38 67% 56 98% 23 40%

Broncoprov.: pruebas de broncoprovocacién; P6M: prueba de los 6 min de marcha; Vol + Difusién: volumen + difusién.

Distribucién del niimero de exploraciones

La tasa de espirometrias por 100 altas hospitalarias/afio fue de
14,97, con una RV de 1,82, indicando un 82% mads de utilizacién
entre la regién con la tasa mayor respecto a la regién con la tasa
menor. La tasa de espirometrias por 100 habitantes/afio fue de 1,32,
conunaRVde 1,53; enlafigura 1 se puede observar la gran variabi-
lidad en laregién sanitaria de Barcelona. Dicha regién se analizé por
sectores sanitarios, debido a que aglomera el 67,8% de la poblacién
total de Catalufia (figs. 1y 2 y tabla 2).

En la tabla 3 se presenta el andlisis para explorar la asociacién
entre el nimero de espirometrias realizadas en cada centro y los

distintos factores encuestados mediante un modelo de regresi6n
de Poisson multinivel. De los distintos factores estudiados presen-
taron una asociacion estadisticamente significativa la existencia de
un servicio de neumologia en el centro y disponer de una ubicacién
estable para realizar espirometrias, La presencia de estos factores
en un centro incrementa el 59 y el 56%, respectivamente, las tasas
de espirometrias. Asi mismo conseguian explicar (el 8%) parte de la
variancia existente entre centros, aunque esta seguia siendo consi-
derable. En este sentido, el estadistico de la mediana de la razén de
tasas de espirometrias (median incidence rate ratio, MIRR) se inter-
preta de forma que el incremento medio de la tasa de espirometrias
entre 2 centros cualesquiera es del 98% en el modelo vacio y del 88%

'E CatSalut  Espirometrias: nimero de espirometrias / 100 habitantes
- Seclores Sanitarios de la Region Sanitaria de Barcelona
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Figura 1. Tasas de espirometrias por 100 habitantes en la region sanitaria de Barcelona.
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Tabla 2
Tasa de espirometrias por regiones sanitarias de Cataluiia. Catalufia, 2009
Region sanitaria Tasa espirometrias/100 habitantes/afio Tasa espirometrias/100 altas/afio Tasa espirometrias/100 consultas externas declaradas?®/aio
Alt Pirineu i Aran 1,50 12,99 2,90
Barcelona 1,37 16,33 5,20
Catalunya Central 1,18 13,31 3,11
Girona 1,50 14,82 4,08
Lleida 1,01 13,78 5,65
Camp de Tarragona 0,98 8,97 1,87
Terres de I'Ebre 1,14 11,15 224
Total 1,32 14,97 4,31

Fuentes: Encuesta de Espirometrias PDMAR, 2009, y Registro Central de Asegurados del CatSalut, 2009.

2 Datos declarados por los centros participantes en la encuesta.

Tasa escala logaritmica media 0
o
o o macwsp k- ®gee

T T T T T T T T
Cat Ben  Centre Girona Lleida Tarra Ebre  Piri

Figura 2. Tasas de espirometrias por centro (Catalufa, 2009). Se representan las
tasas de espirometrias por centro para toda Catalufiay por region sanitaria en escala
logaritmica y centradas en la media para mejorar su comparabilidad. Cada punto
representa un centro hospitalario.

Ben: region sanitaria Barcelona; Cat: total Catalufia; Centre: region sanitaria Centro;
Ebre: region sanitaria Terres de I'Ebre; Girona: region sanitaria Girona; Lleida: region
sanitaria Lleida; Piri: region sanitaria Alt Pirineu; Tarra: regi6n sanitaria Tarragona.

en el modelo final. Esto sugiere una elevada variabilidad entre las
tasas por centro, como reflejan la figura 1 y la tabla 2. En esta figura
los puntos representan las tasas de espirometria de cada centro
logaritmizadas y centradas en el O para una mejor comparabilidad.

Tabla 3
Modelo Poisson multinivel entre el nimero de espirometrias y distintos factores
encuestados

Estimador (error estindar)

Modelo vacio Modelo final
Servicio de neumologia - 1,59(0,33)
Ubicaci6n fisica estable - 1,56(0,30)
Variancia hospital 0,72(0,07) 0,66(0,07)
Log likelihood -409.986 -405.985
MIRR 1,98 1,88

El modelo de regresion de Poisson se emplea en estudios con variables de recuento
en una unidad de tiempo o espacio, en este caso el nimero de espirometrias reali-
zadas en un aio. Los coeficientes del modelo se interpretan en términos de razones
de tasa de incidencia. Tomando como ejemplo la variable «servicio de neumologia»,
la presencia de este en un centro incrementa en un 59% la tasa de incidencia de
espirometrias.

Se presenta primero el modelo vacio para mostrar la reduccién, tanto en términos
de verosimilitud (log-likelihood) como de varianza entre centros, que representa la
inclusién de las variables «Servicio de neumologia» y «Ubicacién fisica estable».

El estadistico MIRR (del inglés median incidence rate ratio) representa la mediana
de la distribuci6n de la diferencia de tasas de espirometrias entre 2 centros cuales-
quiera.

Discusion

Los resultados de la encuesta de espirometrias de hospita-
les muestran una falta de homogeneidad entre los hospitales
y regiones sanitarias de Catalufla respecto a la utilizacién de
la espirometria, lo que puede ser un factor que contribuya al
infradiagnéstico®22 de las enfermedades respiratorias?3.

Esta heterogeneidad en algunos estudios ha sido atribuida a fac-
tores como la accesibilidad a la prueba'?, o 1a falta de solicitud de la
prueba por parte del médico. En nuestro estudio la variabilidad no
puede ser atribuida a la accesibilidad, ya que todas las regiones sani-
tarias y todos los hospitales disponen de la infraestructura nece-
saria para la realizacion de espirometrias. La variabilidad puede
explicarse por la existencia o no de un servicio de Neumologia y por
una ubicacién fisica estable para la realizacién de la espirometria.
Estos factores estan asociados a un mayor ntimero de espirometrias.
El servicio de Neumologia implica un reconocimiento explicito de
la distribucién de tareas en el centro. Por lo tanto, a la luz de los
datos de la encuesta, podemos sostener que lo importante no es la
estructura en si misma (es decir, la existencia del Servicio) sino el
reconocimiento explicito de la importancia de las pruebas funcio-
nales respiratorias. Algunos estudios atribuyen a las caracteristicas
de la propia enfermedad la infrautilizaciéon de la espirome-
tria respecto a otras pruebas como la ecocardiografia'>1624, No
hemos encontrado un indicador que nos permita conocer el rango
adecuado de espirometrias por volumen de altas o por camas hos-
pitalarias o por 100 habitantes, pero si consideramos que obtener
estos resultados en el momento inicial del disefio de un plan direc-
tor nos puede proporcionar nuestro propio indicador para evaluar
futuros resultados, teniendo en cuenta no obstante que siempre nos
encontraremos ante un indicador de proceso y no de resultado.

Es probable que diversos factores puedan explicar la diferente
utilizacién de la espirometria en los hospitales, desde factores cen-
trados en los propios profesionales, a factores organizativos. La
adhesion a la utilizacién de las guias de practica clinica entre los
profesionales?> o la formacién basica de los que atienden a los
pacientes respiratorios de los hospitales puede hacer variar la uti-
lizacién de la espirometria. Asi, tal y como se muestra en nuestro
estudio, en los hospitales en los que existia un servicio de Neu-
mologia y que disponian de una ubicacion fisica estable para la
realizacién de espirometrias, se realizaba un nimero mayor de
espirometrias. Este resultado confirma el importante trabajo a rea-
lizar en todos los ambitos y dispositivos sanitarios por parte de
los neumologos para potenciar el uso de la espirometria por otros
especialistas y por los médicos de atencién primaria.

La espirometria es una prueba con una elevada dependencia
del profesional sanitario que la realiza. Se constata la importan-
cia de la formacién de este profesional en el momento de realizar la
espirometria26-28 y, por tanto, una necesidad organizativa de pro-
fesionales formados en el momento de acceder a dichos lugares
de trabajo. Se evidencia ademas la necesidad de programas de for-
macién continuada estandarizados y homogéneos aceptados por
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todas las organizaciones para lograr un elevado nivel de calidad
en la espirometria. Destaca en nuestra encuesta la escasa riguro-
sidad en el apartado de formacién continuada en espirometria, ya
que en el momento de la seleccién de los profesionales para la reali-
zacién de espirometrias, en la mayoria de los hospitales no se tiene
en cuenta la formacién previa y la formacién que se realiza es una
formacién no reglada ni realizada de manera regular.

Al analizar el control de calidad efectuado sobre las espirome-
trias, destaca la diversidad de respuestas ante una pregunta abierta
como era la realizacion de control de calidad. Estrategias de tele-
medicina probablemente podrian contribuir a mejorar este control
de calidad y a conseguir un incremento de las espirometrias de
calidad?®. Asi mismo se ha detectado otra drea de mejora, como
es el acceso a los datos de la espirometria desde los sistemas de
informacién hospitalarios. A nuestro entender es crucial que, en el
progresivo desarrollo de la historia clinica informatizada, la espi-
rometria no debe quedar postergada.

La evaluacion del resto de exploraciones funcionales respirato-
rias nos muestra que todas las regiones sanitarias tienen acceso a la
realizacién de pruebas funcionales respiratorias complejas, excepto
la Vall d’Aran, una region sanitaria de alta montafia pero que tiene
sus flujos de conexidn bien establecidos con la regién sanitaria mas
cercana. Destaca no obstante que la prueba de los 6 min de marcha
no esta ampliamente difundida en todos los hospitales, como seria
de esperar por su sencillez de utilizacién3° y por su importancia en
la valoracién integral de los pacientes con EPOC3!,

Limitaciones del estudio

La metodologia utilizada en el presente estudio ha sido una
encuesta. Aunque no existian alternativas metodolégicas para la
realizacion del estudio, se deben tener en cuenta las limitaciones
de esta fuente de informacién. El presente estudio no ha evaluado
la red de atencién primaria, pero recientemente hemos iniciado
una encuesta a todos los centros de salud de la red publica de
Catalufia. Dado que no existian otras encuestas territoriales ni
nacionales ni internaciones, no podemos comparar nuestros datos
con la bibliografia existente. No existe en la literatura ningtin indi-
cador sobre el nimero de espirometrias por habitante; por lo tanto,
uno de los objetivos que se planteaban inicialmente sobre la valo-
racién de la variabilidad de los resultados y su comparacién con la
literatura no ha podido ser estimado. Es por este motivo que no se
valora la relevancia estadistica y clinica de las tasas de espirometria
por habitante y afio.

Otras limitaciones de nuestro estudio pueden ser el sesgo de
informacién derivado de quien ha respondido la encuesta y que las
tasas estimadas no han podido ser estandarizadas en relacién a la
edad y el sexo de los pacientes. Parte de la variabilidad encontrada
podria ser explicada por una distinta estructura de poblacional
de cada area sanitaria, como también por un nivel de gravedad o
comorbilidad distinto.

Conclusiones

El analisis de la utilizacién de las espirometrias en el ambito hos-
pitalario nos ha permitido: a) detectar como factores relacionados
con la mayor realizacién de espirometrias la existencia de un servi-
cio de neumologia y de una ubicacién estable para la realizacion
de las mismas; b)elaborar un programa formativo homogé-
neo, descentralizado y «autorreplicable» para todas las regiones
sanitarias de Catalufla que permita mantener la realizacién de
espirometrias de calidad dentro de unas organizaciones en cons-
tante cambio32; c)objetivar la necesidad de la incorporacién de
la espirometria a las bases de datos de los hospitales (historia cli-
nica electrénica) estandarizando la transferencia de datos, lo que

facilitara la interoperabilidad, y d)establecer modelos de control
de calidad de la espirometria utilizando las TIC29. Asi mismo, nos
ha permitido elaborar un indicador de la utilizacién de la espiro-
metria forzada en una poblacién (0,98 a 1,53 espirometrias por
100 habitantes), que segiin nuestro conocimiento no existe en la
bibliografia revisada®3. Todos estos cambios deben impactar tanto
en los propios profesionales como en las estructuras organizativas
de los hospitales, y en todos los casos garantizar el acceso a una espi-
rometria de calidad para todos los clinicos, independientemente del
nivel sanitario en el que trabajen.
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Abstract

Rationale: Forced spirometry (FS) is key in the diagnosis of respiratory diseases, but several
studies suggest unavailability of equipment, deficits in training and insufficient quality control
as causes of suboptimal results of FS in primary care. The aim of the study was to examine the
accessibility and use of FS in public primary care facilities in Catalonia.

Aim: Cross-sectional study using a survey of 366 Primary Care Areas (ABS) during the third
quarter of 2010, with information on spirometers, training, interpretation and quality control,
and the priority that the quality of spirometry had for the team.

Indicators: FS/100 inhabitants/year, FS/month/ABS; FS/month/10,000 inhabitants.

Results: Response rate to the survey was 75%. 97.5% of the ABS had spirometer and made an
average of 2.01 spirometries/100 inhabitants (34.68 spirometry/ABS/month). 83% of the pri-
mary care centers have trained professionals. Formal training is performed in more than 50%
of the centers, but information was not obtained on quality control and 70% of the centers
performed some sort of calibration.

The interpretation of the tests is made by the family physician in 87.3% of cases. In 68% of
cases no quality control is carried out. 66% of the data is entered into the health medical re-
cord manually. 50% of the survey responders recognized the need for prioritization strategies
for improving the quality of FS.

Conclusions: Despite the accessibility of FS, efforts should be prioritized in the integration of
FS into electronic health records, improving standardized professional training, and promoting
systematic quality control.
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Abstract

Forced spirometry (EF) is key in the diagnosis of respiratory disease, but several studies
suggest unavailability of spirometers, deficits in training and insufficient quality control.

The study wants to examine the accessibility and use of EF in public primary care facilities
in Catalonia.

Cross-sectional study using a survey to 366 health areas (ABS) during the third quarter of 2010,
with information on spirometers, training, interpretation and quality control, and the priority that the
quality of spirometry had for the team.

Indicators: EF/100 inhabitants/year, EF/month/ABS; EF/month/10000 inhabitants.

Response rate: 75%. 97.5% of the ABS had spirometer and made an average of 2.01
spirometries/100 inhabitants (34.68 spirometry/ABS/month). 83% have trained

professionals. > 50% centers perform formal training but no information is available on the
quality. 70% performed some sort of calibration. Interpretation: the family

physician in 87.3% of cases. In 68% of cases not performed any quality control of exploration.
2/3 typed data manually into the computerized medical record. > 50%

recognized a high priority strategies for improving the quality. Despite the accessibility of EF
efforts should be made to standardize training, increasing the number of scans and promote
systematic quality control.
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Estudio de la funcion pulmonar basica en los centros de atencion
primaria de

Cataluna.

*Manuscrito (sin informacion de autores)

Resumen

La espirometria forzada (EF) es clave en el diagndstico de las enfermedades
respiratorias, pero diversos estudios sugieren falta de disponibilidad de espirémetros,

déficits en la formacidn e insuficiente control de calidad.
El presente estudio pretende conocer la accesibilidad y la utilizacién de la EF en los
dispositivos publicos de atencidon primaria en Catalufia.

Estudio transversal mediante una encuesta a 366 areas basicas de salud (ABS) durante
el tercer trimestre de 2010, con informacidn relativa a los espirdmetros; la formacion;
la interpretacion y el control de calidad; y el grado de prioridad que la calidad de la

espirometria tenia para el equipo.

Indicadores: media de EF/100 habitantes/afio; indice de EF/mes/ABS; indice de
EF/mes/10000 habitantes.

Porcentaje de respuesta: 75%. El 97,5% de las ABS disponen de espirémetro y realizan
una media de 2,01 espirometrias/100 habitantes (34,68 espirometrias/ABS/mes). El
83% disponen de profesionales formados. >50% de los centros realizan formacidn
reglada, pero no se dispone de informacidn sobre la calidad de la misma. En el 70% se
realiza algun tipo de calibracién. Interpretacion: el médico de familia en el 87,3%de los
casos. En el 68% de los casos no se realiza ningln tipo de control de calidad de la
exploracion. 2/3 introducen manualmente los datos en la historia clinica informatiza.
>50% se atribuye una prioridad alta a las estrategias de mejora de la calidad EF.

A pesar de la accesibilidad a la EF deben realizarse esfuerzos para estandarizar la
formacion, incrementar el nimero de exploraciones y promover el control de calidad
sistematico.

Palabras clave: espirometria forzada, control de calidad, formacidn, interpretacion.

Abstract
Forced spirometry (EF) is key in the diagnosis of respiratory disease, but several studies

suggest unavailability of spirometers, deficits in training and insufficient quality

control.

The study wants to examine the accessibility and use of EF in public primary care
facilities in Catalonia.

Cross-sectional study using a survey to 366 health areas (ABS) during the third quarter
of 2010, with information on spirometers, training, interpretation and quality control,
and the priority that the quality of spirometry had for the team.

Indicators: EF/100 inhabitants/year, EF/month/ABS; EF/month/10000 inhabitants.
Response rate: 75%. 97.5% of the ABS had spirometer and made an average of 2.01

spirometries/100 inhabitants (34.68 spirometry/ABS/month). 83% have trained
professionals. > 50% centers perform formal training but no information is available on

the quality. 70% performed some sort of calibration. Interpretation: the family
physician in 87.3% of cases. In 68% of cases not performed any quality control of

exploration. 2/3 typed data manually into the computerized medical record. >
50% recognized a high priority strategies for improving the quality.

Despite the accessibility of EF efforts should be made to standardize training,
increasing the number of scans and promote systematic quality control.

Key words: spirometry, quality control, training, interpretation.

Introduccion

Las enfermedades respiratorias son la tercera causa de muerte en Catalufiai, tras el
cancer y las enfermedades cardiovasculares, tal como ocurre en la mayoria de los
paises desarrolladosz. Cerca del 30% de la poblacién de 15 afios o mas se declara
fumadora 3 y el tabaquismo sigue siendo un problema de salud importante y el

mayor factor de riesgo de aparicion y exacerbacién de enfermedades respiratorias.
En el caso de la enfermedad pulmonar obstructiva crénica (EPOC), a

diferencia de las enfermedades cardiovasculares, no se ha constatado un descenso de
la mortalidad. La prevalencia de la EPOC en la poblacién de 40 a 80 afios

en nuestro medio se sitla en un 10,2%4s.

El infradiagndstico es otro problema relevante en relaciéon a las enfermedades
respiratorias. Unicamente un tercio de los pacientes con EPOC reconocen que la
padecen y el 21% de los que ingresan por una agudizacidn afirman que ningiin médico
les atiende regularmente por el problema respiratorioz. Ademas, en un elevado
porcentaje de pacientes el diagndstico de EPOC no se confirma mediante
espirometria. Estudios recientes revelan que en el ambito de la Atencion Primaria (AP)
se confirma el diagndstico de EPOC con espirometria sélo en la mitad de los
pacientess. Walters et als sefialan que en Australia el 31% de los pacientes
diagnosticados de EPOC carecen de espirometria forzada (EF) y que el 56% de los
pacientes diagnosticados de EPOC tienen una espirometria normal.

La reduccién del infradiagndstico y el diagndstico apropiado requiere intervenciones
especificas, pero sobre todo garantizar el acceso a una espirometria de calidadio11. En
trabajos preliminares en nuestro medio ya se ha destacado la importancia de la
formacién y disponibilidad de espirémetros en el ambito de AP12. Esta disponibilidad
de EF mejora el diagndstico y tratamiento de la EPOC13. La introduccién de
espirometros pequefios permite realizar la espirometria en cualquier lugari4. No queda
claro cudl es la mejor manera de organizar la logistica para realizar EF en AP, pero no
deberia separarse la estrategia de mejoria en la realizacion de la prueba con de la de
mejoria de su interpretacidnis.

Uno reto importantes de todos los sistemas sanitarios consiste en identificar las
estrategias mas adecuadas para establecer prioridades y trasladar las decisiones a la
asistencia 16. El Departament de Salut de la Generalitat de Catalunya se sirve de los
Planes Directoresi7, como el Plan Director de Enfermedades Respiratorias (PDMAR),
para acercar los planteamientos estratégicos a los operativos para mejorar la atencion
al paciente. Uno objetivo del PDMAR es garantizar al clinico el acceso a una
espirometria de calidad independientemente del ambito asistencial.

El presente estudio pretende conocer la accesibilidad y la utilizacién de la EF en los
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dispositivos de AP del dmbito de la prestacion publica de Catalunya, identificando los
posibles déficits y opciones de mejora y los posibles desequilibrios territoriales.

Material y métodos

Estudio transversal mediante una encuesta, elaborada ad-hoc, que se distribuyé a las
366 areas basicas de salud (ABS) de Catalufia durante el tercer trimestre de 2010. La
distribucion de las encuestas se realizo a través de las gerencias territoriales de AP,
gue enviaban la encuesta a los directores de los EAP y éstos mandaban las respuestas
al PDMAR o a las gerencias; el PDMAR hacia el seguimiento de las respuestas. Tras el
envio inicial se realizé un recordatorio a los 2 meses a aquellas ABS que no habian
contestado.

El cuestionario recogia informacion sobre los equipos de espirometria, los
profesionales y su formacidn en EF, la interpretacion y el control de calidad; y el grado
de prioridad que la calidad de la espirometria tenia para cada EAP.

Los resultados se recogieron entre julio y agosto de 2010. Se obtuvieron los resultados
globales para cada ABS y para cada regidn sanitaria y, para esta Ultima, se calculd la
tasa de EF por 100 habitantes. Para estudiar el grado de variabilidad en la actividad
relacionada con la espirometria de cada EAP, se midio la proporcién mensual de
espirometrias realizadas en cada equipo. Para cuantificar esta proporcién de acuerdo
al volumen de poblacion de referencia para cada uno de ellos se calculd la tasa de
actividad mensual en relacidn a los habitantes asignados.

Se estudid la distribucidn univariante de cada una de las variables y se realizaron
analisis territoriales de aquellas mads relevantes.

El andlisis estadistico se realizé con el paquete estadistico SPSS version 18.0 (SPSS, Inc,
Chicago, IL), y se procedié a la elaboracién del analisis descriptivo de los items del
cuestionario para Catalufia, para cada region sanitaria y para los sectores sanitarios de
la regién de Barcelona, mediante un analisis de frecuencias de las variables cualitativas
y calculando los estadisticos de tendencia central y dispersién de las variables
cuantitativas. Los resultados de las variables categdricas se presentan como porcentaje
y las de las variables cuantitativas como media y desviacion estandar. Para el andlisis
territorial se calculd la media de espirometrias por cada 100 habitantes y afi, el indice
de espirometria por mes y ABS y también por mes y habitante por ABS, todo ello para
la descripcién de su distribucion territorial. Para explorar la posible relacién entre el
grado de prioridad del EAP en la mejora del proceso de las espirometrias y la actividad
realizada (N de espirometrias mensuales) en las diferentes regiones sanitarias, se
estudio la correlacion de ambas variables ponderadas de acuerdo con el nimero de
espirometros existentes en cada region. Se realizé el test de chi-cuadrado para valorar
la correlacién entre el grado de prioridad y otras variables de la encuesta
potencialmente relacionadas con el mismo, como la formacion reglada del personal, la
existencia de protocolo de mantenimiento del espirémetro, el registro de la
espirometria en las historias clinicas informatizadas y el control de calidad.

Resultados

Respuestas

De las 366 ABS a las que se envid la encuesta, respondieron un 75% (275 ABS). En la
tabla 1 se muestra una relacién del indice de respuesta de cada territorio en funcion
de las ABS existentes. Para el andlisis de las respuestas, se excluyeron los resultados
de los consultorios locales, por su bajo peso sobre el volumen total de centros
estudiados y por su diferente estructura. Los resultados se expresan sobre las 275
ABS que contestaron la encuesta.

Dotacioén de las ABS

Un 97,5% de los EAP que respondieron a la encuesta declara tener espirémetro en su
CAP. Un 67,8% declara tener un espirometro, mientras que un 21,7% declara tener
dos. Sdélo un 4,7% de los centros dispone de 3 espirdmetros. A pesar de la existencia
de variedad de marcas y modelos, en un 99,6% de casos el modelo es un Datospir 120
(Sibelmed, Barcelona, Espafia).

Actividad

En relacidn al nimero de EF mensuales, los datos son variables y se precisa ajustar al
numero de habitantes asignados o bien a la poblacién con cobertura sanitaria

publica en cada territorio. Lo mismo ocurre en cuanto a la variable sobre el nimero
de citas semanales para hacer espirometrias. Con el objetivo de poder comparar el
volumen de actividad, se ha calculado un indicador que mide el promedio de
espirometrias realizadas anualmente en cada centro por cada 100 habitantes
asignados. Durante 2009 se realizaron en la AP de Catalufia un promedio de 2,01
espirometrias por cada 100 habitantes (Tabla 2).

Poblacion pediatrica

Durante el afio 2009 se realizaron en Catalufia espirometrias a nifios entre 10y 15
afios en un 68,2% de los centros. En el 47,3% de los casos estas pruebas se
practicaron en niflos menores de 10 afios.

Profesionales técnicos

En 213 centros (83%) refieren tener entre unay cuatro enfermeras de referencia
capacitadas para hacer espirometrias. En 7 (2,7%) centros no hay ningunay en 37 (14,4%)
hay mas de cuatro. En la mayoria de EAP (62,9%) las mismas enfermeras hacen las
espirometrias a los menores de 15 afios. En cuanto a la ejecucion de las pruebas en
ausencia de los profesionales habituales, en mas de la mitad de los EAP (51,7%) se
desprograma la actividad, mientras que en un 41,8% las realiza otro profesional.

Formacion

Un 77% de los EAP declara que sus profesionales que realizan la EF han recibido
formacion reglada, es decir, algun curso o taller especifico sobre EF. El 60% de los EAP
declara que la formacién es no reglada (sesiones clinicas, practicas EF), mientras

que el 23% declara ambos tipos de formacidn. Aproximadamente la mitad

(50,5%) de la formacion reglada se realiza en el propio centro, mientras que la no

reglada es predominantemente externa (69%). Cerca de un 42% de los EAP declaran
realizar sesiones no regladas internas llevadas a cabo entre los mismos profesionales
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del centro. El 52% de los EAP declara que la formacion continuada para la realizacion
de EF es de tipo esporadica, es decir a eleccidn de cada profesional, mientras que sélo
se declara formacién periddica (una vez al afio) en uno de cada cuatro centros.

Mantenimiento y calibracion

Un 70% de los EAP afirman que se efectua la calibracion de los equipos,
diariamente o cada vez que se usa el utillaje. En un 21,6% de los casos se realiza de
forma periddica, pero no diaria. Destaca que en 17 centros no se realiza ninguin
tipo de calibracién o bien se hace de forma incorrecta. Sélo un 52,7% de los
centros afirman tener un protocolo de mantenimiento, cuyo personal responsable
suele ser la enfermera responsable de la técnica.

Interpretacion

En el 87,3% de los EAP la interpretacion de la espirometria la hace el médico de
familia de cada paciente. En 9 equipos (3,4%) interpreta la espirometria un médico
referente del equipo, y en 14 (5,2%) los neumdlogos de referencia. Por otro lado,
la formacién en interpretacién de las espirometrias es escasa dado que casi una
cuarta parte de los equipos declara no tener ningun tipo de formacidn especifica al
respecto, mientras que en un 43,3% de los casos responde haber recibido alguna
sesion formativa.

Control de calidad

Practicamente tres cuartas partes de los equipos (68,4%) no realizan ningln tipo de
control de calidad.

Grabacion de los datos

Dos terceras partes de los equipos, introducen manualmente los resultados de la

espirometria en la historia clinica del paciente. En un 14,7% de los casos se
incorporan de forma automatica desde el programa del espirémetro , en formato de
base de datos y en un 16,5% se efectiia como PDF o texto libre.

Prioridad

En respuesta al grado de prioridad asignado a la mejora en la elaboracién de
espirometrias , en una escala de gradacién de 1 a 5, la moda y la mediaes de 3y
2,40 respectivamente. En el 53,3% la prioridad para la mejora en la elaboracién de
espirometrias se sitla en 4 6 5. Las respuestas a la variable que pregunto sobre la
prioridad en la mejora de la realizacidn de las es pirometrias se recodificaron en tres
categorias agrupando el valor 1 para definir poca o baja prioridad, los valores 2 6 3
para definir un grado de prioridad regular, y los valores 4 6 5 para definir mucha o
elevada prioridad.

En el 33,9% de los casos la prioridad es regular, mientras que en el 12,8% de los
equipos la prioridad se categoriza como baja. En el andlisis bivariado se observa
una asociaciéon entre la valoracién del grado de prioridad de la realizaciéon de las
espirometrias con la formacidn del personal (x2=6,50; p= 0.038). La misma relacion
se observa con la existencia de un protocolo de mantenimiento para los
espirémetros (x2=13,2; p= 0.001). Sin embargo, dicha asociacidén no se observa si se

analiza la correlacion del grado de prioridad para la realizacidon de espirometrias con el
control de calidad ni con el registro de la espirometria en la historia clinica. La

distribucion territorial del grado de prioridad y la del nimero de espirometrias
realizadas mensualmente por equipo y habitantes, ponderada por el numero de
centros de cada region sanitaria muestra una fuerte correlacidn con un coeficiente de
0,86 (p<0,05).

Discusion

El acceso a una espirometria de calidad es una necesidad inexcusable para la atencién
a los pacientes con enfermedades respiratorias en la AP1s. Diversos estudios han
puesto de manifiesto los problemas relacionados con la espirometria en AP en nuestro
medio. Hueto et ali9 constata la disponibilidad de espirdmetros aunque el 22% de los
centros no los utilizan. Pellicer et al2o observan que, incluso en el medio hospitalario,
la falta de espirometria es el factor mas importante para explicar el mal diagnéstico de
la EPOC.

En comparacién con los pacientes con insuficiencia cardiaca crénica, los pacientes

con EPOC tienen menor probabilidad de disponer una prueba confirmatoria, incluso

si ambas condiciones coexisten2i. Estos hechos ponen de manifiesto la necesidad de
garantizar a los clinicos el acceso a una espirometria de calidad, independientemente
del ambito asistencial en el que trabajen:zz.

En el presente estudio analizamos la utilizacién de la espirometria en los equipos de
AP, haciendo hincapié en la disponibilidad, la frecuencia de realizacidn, la formacion de
los profesionales, el control de calidad, y la interoperabilidad.

Disponibilidad

Un cambio significativo muy positivo respecto a afios anteriores es constatar el hecho
que practicamente todos los centros de AP disponen de un espirémetro. Esto es
imprescindible para el diagndstico de las enfermedades respiratoriaszs, y puede ser un
refuerzo en la estrategia de deshabituacidn tabaquicazs. Hay dudas razonables sobre
los beneficios de la espirometria como herramienta de cribado poblacionalzs 6. Sin
embargo, estas evidencias no se contradicen con la necesidad que tiene el clinico de
utilizar la espirometria para diagnosticar a los pacientes que acuden a la consulta y
presentan factores de riesgo (principalmente tabaquismo) y/o sintomas sugestivos de
enfermedades respiratorias (case finding)z7.

Utilizacién

La utilizacién contrasta con la disponibilidad. A pesar de disponer de espirometros, la
mayoria de centros de AP realizan menos de dos espirometrias diarias. No se conoce la
cifra de espirometrias en base poblacional, pero atendiendo al infradiagndstico de la
EPOC es razonable pensar que esta cifra es muy baja. En el presente estudio se
constata que en el ambito de la AP se hacen 2 espirometrias por 100 habitantes, pero
con un rango entre 1,39y 2,71. En el drea metropolitana de Barcelona en la zona sur
se hacen casi el doble de espirometrias que en la zona norte. Es dificil encontrar
razones que justifiquen estas variaciones. La realizacién de un bajo numero de
espirometrias o su realizacién de forma muy esporadica, dificulta mantener las
habilidades que garanticen la calidad de la exploracidn.

Formacion
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Aunque hay profesionales formados, en su ausencia se suspende la programacion

en lugar de sustituir al profesional por otro formado en mas de la mitad de los casos, lo
que podria dificultar el acceso a la exploracion. Este hecho es especialmente
importante ante el problema del infradiagndstico. No conocemos con precision el tipo
de formacion reglada que reciben los profesionales. En cualquier caso, Unicamente un
pequefio porcentaje de profesionales recibe la formacién reglada propuesta por el
PDMAR:2s. La formacidn continuada es esporadica. Esta situacion no es muy distinta a
la observada en la encuesta sobre la utilizacién de la funcién pulmonar en los
hospitales publicos de Catalufia, en la que se aprecia que en el 44% de los hospitales
los profesionales reciben formacién interna no regladaao.

Eaton et al han puesto de manifiesto la importancia de la formacién regladaso. Esta
formacion deberia realizarse a nivel territorial y estar incentivada por los sistemas de
financiacién que compran los servicios sanitarios. El escaso numero de pruebas que
realiza cada profesional y las lagunas formativas permiten suponer que el
mantenimiento de las habilidades técnicas para realizar espirometrias es, como
minimo, dificil de asegurar.

Interpretacion

La mayor parte de las espirometrias realizadas en AP las interpreta el médico de
familia, pero Unicamente una cuarta parte de los profesionales reconoce haber
recibido formacidn especifica en interpretacidn. Para interpretar correctamente las
espirometriassi, es preciso disponer de tiempo y enfrentarse al nimero suficiente
para mantener las habilidadessz. La formacién y el e-learning3s pueden jugar un papel
pero no sustituyen una formacion rigurosa.

Control de calidad

La EF de calidad es un objetivo asumible, tal como se ha demostrado en estudios

en los que han participado diferentes observadoressa. Por lo tanto, es posible aspirar
a obtener una espirometria de calidad en todos los ambitos asistenciales, incluso en
medios no sanitarios, como el domicilio del propio pacientess y oficinas de farmaciass.
Sin embargo, casi tres cuartas partes de los puntos de realizacidn de la espirometria
no se someten a controles de calidad periddicos.

Interoperabilidad

El hecho de que, en el momento de la encuesta, dos terceras partes de los equipos
introducian manualmente los datos de la espirometria en la historia clinica dificultaba
la valoracion de la calidad de la exploracion. Ademas, la introduccion manual es una
fuente potencial de errores en la transcripcion de los datos.

Para conseguir la normalizaciéon de un conjunto completo de datos relacionados con la
espirometria la Oficina de Estandares e Interoperabilidad de TicSalut (Departamento
de Salud) y el Plan para la Digitalizacidon de la Imagen Médica del Departamento de
Salud de la Generalitat, han creado un estandar basado en la versién 3 de HL7 (Health
Level Seven), CDA R2 (Clinical Document Architecture, Release 2). El CDA37
define la estructura de un documento clinico y utiliza un estandar para el intercambio
de informacidn estructurada entre aplicaciones (XML) y es independiente de la
plataforma tecnolégica utilizada. La disponibilidad del CDA de espirometria permite el
intercambio de informacidn de manera estandar, posibilita la interoperabilidad entre

Results

diferentes proveedores de salud y ambitos asistenciales, explotacion de datos sobre el
informe de espirometria estandarizado resultante (muy importantes para la
investigacion) y facilita la implantacidn de procesos sistematicos de control calidadss3s.
Ademas, la disponibilidad de un estandar posibilita incorporar directamente

los resultados de la espirometria a la historia clinica electrénica.

La necesidad de reducir el infradiagndstico de las enfermedades respiratorias cronicas
y en especial el asma y la EPOC, la mejora del tratamiento y su seguimiento adecuado,
hace que la obtencion de espirometrias de calidad sea un objetivo estratégico. Para
ello, conocer los datos que provee esta encuesta es fundamental para el PDMAR y
complementa la informacién obtenida en la encuesta realizada recientemente en el
ambito hospitalario proveyendo de un mapa mas preciso sobre la utilizacién de la EF
en el territorio. Los resultados de este estudio han permitido identificar areas de
mejora que permitiran desarrollar programas orientados a solventar carencias del
sistema sanitario.

El grado de prioridad otorgado por cada EAP a la mejora del proceso de las
espirometrias puede significar un buen indicador del interés en este proceso y de la
posibilidad de mejora. El hecho que mas de la mitad de EAP manifiesten una prioridad
alta, y sélo un pequefio porcentaje una baja, puede reflejar una oportunidad para la
actuacion formativa, organizativa y contractual.

En definitiva, los datos de esta encuesta ponen de manifiesto que el acceso al espirémetro
es casi universal pero que se deberia aumentar el nimero de espirometrias que se realiza.
No hay datos que confirmen las caracteristicas de la formacién que reciben los
profesionales y parece necesario mejorar la formacién en la interpretacién de las
espirometrias asi como instaurar estrategias de formacion de técnicos en todos los EAP. El
control de calidad es francamente mejorable y no podra conseguirse sin la plena
interoperabilidad entre los datos que ofrecen los espirometros y los sistemas de
informacién relacionados con la historia clinica electrdnica.

La prioridad con la que se aborda la espirometria es un buen pardmetro para
conseguir incrementar el nimero de exploraciones de calidad. En definitiva, mejorar la
realizaciéon de la espirometria sirve para mejorar la atencion a los pacientes con
enfermedades respiratorias crénicasao.
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Tabla 1. indice de respuesta a la encuesta segun el territorio. Catalufia, 2010.
Tabla 2. Niumero absoluto, media, desviacion estandar de las espirometrias anuales

N respuesta en realizadas en la atencién primaria y promedio por mes y equipo y poblacién de
» . ABS existentes
Regidn sanitaria (RS) cada RS (%) referencia del equipo. Catalufia, 2009.
Alt Pirineu i Aran 8 8 (100 . P P
( ) DESVIACIO | ESPIROMETRIA | ESPIROMETRIAS
MEDIA POR MESY
TOTAL .
Barcelona ) | ESPIROMETRIAS N SPORMESY | BITANTES
213 157 (74 REGION SANITARIA ESPIROMETRIA ESTANDAR ABS
(74) S AfiG POR CH/-:\I:A 100 ABS
DE %
(DE) (%) (10.000 hab)
Catalunya Central 37 24 (65)
ALT PIRINEU | ARAN 1.456 2,08 2,52 15,17 17,34
Girona 42 37(88) BARCELONA 73.216 1,97 2,11 38,86 16,39
b Garrafi Alt Penedeés 3.276 1,44 1,43 34,13 11,98
Lleida 22 21(95)
Baix Llobregat 21.944 2,46 1,44 44,60 20,54
Camp de Tarragona 33 20 (61) Barcelonés Nord 12.792 2,18 1,17 36,76 18,16
Maresme
Terres de I'Ebre 11 8(73) Vallés Oriental 30,54 11,55
Occidenta 15.028 1,39 0,71
Total 366 275 (75) Barcelona ciutat 20.176 2,16 2,08 44,25 18,01
CATALUNYA 22,75 15,20
CENTRAL 6.552 1,82 0,54
ABS N respuesta en GIRONA 13.000 1,89 1,13 29,28 15,71
Regidn sanitaria de Barcelona existentes | cada sector (%)
LLEIDA 7.124 2,22 4,05 28,27 18,53
Barcelona: Garraf i Alt Penedeés 9 8(89) CAMP DE 3878 1956
. . TARRAGONA 9.308 2,35 1,99
Barcelona: Baix Llobregat (Metropolitana Sud) 51 41 (80)
. TERRES DE L’EBRE 3.796 2,71 5,55 39,54 22,59
Barcelona: Barcelonés Nord- Maresme 38 29 (76)
TOTAL CATALUNYA 114.452 2,01 2,60 34,68 16,74
Barcelona: Vallés 48 41 (85)
Nota: Los datos provienen de la declaracion de los proveedores que respondieron la
Barcelona ciutat 67 38(57) encuesta.

. . s . g
Nota: Los datos provienen de la declaracion de los diversos proveedore™.

1 . .

El Departament de Salut considera que un proveedor sanitario es una empresa
publica o privada (con o sin dnimo de lucro) que presta servicios asistenciales de forma
concertada (a través de un contrato con el CatSalut).
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Tabla 3. Prioridad para la realizacion de las espirometrias, segtin region Cataluiia,

20009.
REGION SANITARIA PRIORIDAD (%) N ESPIROMETRIAS
POCA | REGULAR | MUCHA | (100/habitantes)
ALT PIRINEU | ARAN 14,3 28,6 57,1 2,08
BARCELONA 13,1 324 54,5 1,97
Garraf i Alt Penedes 0 62,5 37,5 1,44
Baix Llobregal 7,5 27,5 65,0 2,46
Barcelo:;\j.:7 ,I.Ve‘::e 50,0 231 26,9 2,18
Valles Oriental i Occ 2,8 30,6 66,7 1,39
Barcelona ciutai 5,7 40,0 54,3 2,16
CATALUNYA CENTRAL | 25,0 41,7 33,3 1,82
GIRONA 11,8 35,3 52,9 1,89
LLEIDA 0 40,0 60,0 2,22
CAMP DE
TARRAGONA >3 316 63,2 2,35
TERRES DE L’EBRE 25,0 25,0 50,0 2,71
TOTAL CATALUNYA 12,8 33,9 53,3 2,01

Nota: Los datos provienen de la declaracion de los proveedores que respondieron a la

encuesta.
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Qué aporta este estudio

* La accesibilidad a la espirometria en los centros de atencion primaria es elevada, lo que

supone un punto fuerte en las posibilidades de mejorar el diagnéstico y seguimiento de los

pacientes respiratorios crénicos.

¢ Algunas dreas de mejora son el aumento del nimero de exploraciones, la estandarizacion de la
formacion de los profesionales, la interoperabilidad entre los datos de los espirémetros y los
sistemas de informacion de las historias clinicas electroénicas, y el control de calidad
sistematico.

* Los equipos de atencion primaria manifiestan en general una prioridad alta a la mejora del
proceso de las espirometrias, lo que supone una oportunidad para incidir en los puntos débiles
detectados y mejorar los resultados en salud.
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Abstract

Introduction Forced spirometry (FS) is a simple and noninvasive test to assess lung function.
Obtaining high quality FS requires training, appropriate technical conditions (calibration, main-
tenance and availability of equipment), and patient cooperation. Several studies have found
professional training deficits related to a high turnover in the same place, the lack of system-
atic training when new professionals performing spirometry are incorporated and the lack of
periodic evaluation of responsibilities.

Materials and methods The Master Plan for Respiratory Diseases (PDMAR) has designed a
minimum mixed practical/theoretical training program (16 hours) based on the training pro-
gram of the National Institute for Occupational Safety and Health and the European Respira-
tory Society initiatives (HERMES). In 2010, 13 courses have been offered to 307 professionals.

Results During the year 2010, we organized a total of 13 training courses with a standardized
program. Eleven courses were general, one was focused on pediatrics and another was a “Train
the Trainer Program” course. In total, 307 professionals participated: nurses (68%), physicians
(2%), pharmacists (21%), pediatric nurses (8%) and other (1%). The mean score at the beginning
of the course was of 5 + 2; 37% of the students had an initial score lower than 5 points. At
the end of the training course the evaluation was repeated, resulting in a score of 8 + 2 points,
with only 15% of the students obtaining less than 5 points. The differences observed between
baseline and post-assessment of FS knowledge were statistically significant (p < 0.001).

Conclusions Training must be organized on a decentralized and territorial basis in order to
ensure access for all professionals performing spirometry. Moreover, a quality FS will only be
achieved when all key components are integrated (training, technical aspects and interpreta-
tion) which requires interoperability between different levels of care.
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Diseiio de un programa de formacién basico
para conseguir espirometrias de calidad

Joan Escarrabill, Ndria Roger, Felip Burgos, Jordi Giner, Ainhoa Molins, Ricard Tresserras,
en nombre del Grupo de Funcién Pulmonar y del equipo directivo del PDMAR

Introduccidn. La espirometria forzada es una manera sencilla y no invasiva de valorar la funcién pulmonar. La obtencién
de una espirometria de calidad requiere formacién, condiciones técnicas adecuadas (calibracién, mantenimiento y ubica-
cion del aparato) y colaboracién del paciente. Diversos trabajos han constatado déficits formativos de los profesionales,
relacionados en parte con la elevada rotacién en un mismo puesto, la falta de sistematica en la incorporacién de nuevos
profesionales que realizan espirometrias y la ausencia de planes de evaluacién periddica de competencias.

Materiales y métodos. En el marco del Plan Director de Enfermedades del Aparato Respiratorio (PDMAR) se ha disefiado
un programa formativo minimo tedrico-practico de 16 horas de duracién, basado en el programa de formacién del Na-
tional Institute for Occupational Safety and Health y de las iniciativas que surgen en el marco de la European Respiratory
Society. Durante el afio 2010 se realizaron 13 cursos en los que participaron 307 profesionales.

Resultados. Las diferencias observadas entre la evaluacién de conocimientos previos y la evaluacién final fue estadistica-
mente significativa (p < 0,001).

Conclusiones. La formacién debe organizarse de modo descentralizado y con base territorial con el fin de garantizar el ac-
ceso de todos los profesionales que deben realizar espirometrias. La espirometria de calidad Unicamente podra conseguir-
se si se integran todos los elementos clave (formacion, aspectos técnicos e interpretacidn), por lo que es imprescindible la
interoperabilidad entre los diferentes dambitos asistenciales.

Palabras clave. Espirometria. Espirometria de calidad. Formacién.

Design of a basic training program to get quality spirometry

Introduction. The spirometry is a simple and noninvasive test to assess lung function. Obtaining a spirometry of quality
requires training, appropriate technical conditions (calibration, maintenance and location of the device), and patient cooperation.
Several studies have found professional training deficits related to a high turnover in the same place, the lack of systematic
training when new professionals performing spirometry are incorporated and the lack of competences’ periodic evaluation.
Materials and methods. The Master Plan for respiratory diseases (PDMAR) has designed a minimum practical/theoretical
training program (16 hours) based on the training program of the National Institute for Occupational Safety and Health
and the European Respiratory Society initiatives. In 2010, 13 courses have been offered to 307 professionals.

Results. The differences observed between the initial assessment and post evaluation knowledge was statistically significant
(p < 0.001).

Conclusions. Training must be organized in a decentralized and territorial basis in order to ensure access for all professionals
performing spirometry. Moreover, a spirometry of quality will only be achieved when all key components are integrated
(training, technical aspects and interpretation) which requires interoperability between different levels of care.

Key words. Lung function test. Spirometry of quality. Training.

ingresos hospitalarios y comportan el gasto de al-
rededor del 8,5% del presupuesto total del Servei

Introduccion

El impacto de las enfermedades respiratorias en
nuestro medio resulta muy elevado tanto desde el
punto de vista de la mortalidad (tercera causa de
muerte) [1] como en lo que se refiere al consumo
de recursos (en nuestro medio causan el 10% de los
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Catala de la Salut) [2]. La enfermedad pulmonar
obstructiva crénica (EPOC) afecta al 10% de per-
sonas de mds de 40 anos [3,4] y constituye la afec-
tacion respiratoria no neopldsica con mayor carga
asistencial.
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Las enfermedades respiratorias pueden diagnos-
ticarse mediante una prueba no invasiva y de bajo
coste: la espirometria forzada. Existe un amplio con-
senso sobre la estandarizacién de la prueba [5,6],
pero como su realizacion requiere la colaboracién
del paciente, los resultados obtenidos son muy va-
riables. Para conseguir una prueba de calidad se re-
quiere disponer de aparatos fiables y calibrados, un
ambiente apropiado, profesionales entrenados y pa-
cientes adecuadamente informados y dispuestos a
colaborar. Naberan et al [7] muestran que la falta de
entrenamiento de los profesionales es un factor muy
importante en el nimero y calidad de las espirome-
trias realizadas en atencién primaria. Hueto et al [8]
observan que en Navarra, a pesar de que la mayor
parte de los centros de atencion primaria tienen es-
pirémetro, el 22% no lo utilizan. Este hecho no quie-
re significar que la espirometria en la atencién pri-
maria no sea posible [9,10]. Uno de los problemas
mads frecuentes, ademds de los déficits formativos,
es el alto grado de rotacién en los puestos de trabajo
de los profesionales de enfermeria entrenados.

El infradiagndstico constituye uno de los proble-
mas més graves en el manejo de las enfermedades
respiratorias, especialmente de la EPOC [11], que
junto al ‘mal diagndstico’ [12,13] se observa incluso
en el medio hospitalario [14]. La reduccién del in-
fradiagnostico y el diagnéstico apropiado requieren
intervenciones especificas, pero sobre todo garanti-
zar el acceso a una espirometria de calidad [15-17].

El Departament de Salut de la Generalitat de Ca-
talunya se sirve de los planes directores [18] para
acercar los planteamientos estratégicos a los opera-
tivos con el fin de mejorar la atencién al paciente.
En este contexto, uno de los objetivos prioritarios
del Plan Director de Enfermedades del Aparato
Respiratorio (PDMAR) es garantizar al clinico el
acceso a una espirometria de calidad independien-
temente del dmbito asistencial en el que trabaje
[19]. Dado que se ha constatado el déficit formativo
de muchos profesionales, parece razonable plantear-
se el disefio de un programa formativo general, en-
tendiéndolo como una estrategia para conseguir la
espirometria de calidad.

Materiales y métodos

La propuesta formativa se ha disenado a partir del
programa de formacion del National Institute for
Occupational Safety and Health (NIOSH) [20] y de
las iniciativas que surgen en el marco de la European
Respiratory Society [21]. La formacién bésica debe
comprender aspectos teéricos y practicos en un for-

mato de cursos de 2-4 dias, en funcién de la distri-
bucidn de las clases. A través de un grupo de trabajo
multidisciplinar se ha consensuado un programa
tedrico-practico de 16 horas que se recomienda de-
sarrollar a lo largo de dos dias consecutivos. Los
contenidos del programa se resumen en la tabla.

Los organizadores de los cursos recibieron, jun-
to al programa, el desarrollo de los contenidos en
versién PowerPoint, para que pudieran adaptarlos a
sus necesidades.

Resultados

Durante el afio 2010 se acreditaron 13 cursos de
formacioén que siguieron el programa formativo di-
sefiado en el marco del PDMAR. Once cursos fue-
ron ‘generales’ (segun el programa descrito en la
tabla), uno se centré en pediatria y otro fue un cur-
so de ‘formacion de formadores. En total participa-
ron 307 profesionales: enfermeras (68%), médicos
(2%), farmacéuticos (21%), enfermeras pedidtricas
(8%) y otros (1%).

Valoracion de conocimientos

Los asistentes a los cursos realizaron una evalua-
cién inicial de conocimientos mediante 10 pregun-
tas sobre aspectos bésicos de la realizacién de la
espirometria, que debian responder antes de iniciar
el curso.

La media de puntos obtenida fue de 5 + 2; el 37%
de los alumnos alcanzé una puntuacién inferior a 5
puntos.

Al final del curso se realizé una nueva evalua-
ci6én con el mismo cuestionario, al cual se afadie-
ron cinco preguntas mds. El resultado obtenido
(sobre 10 puntos) fue de 8 + 2 puntos y unicamente
el 15% de los alumnos obtuvo una puntuacién infe-
rior a 5 puntos. Las diferencias observadas entre la
puntuacion inicial y la final fueron estadisticamente
significativas (p < 0,001).

Valoracion de los alumnos

La valoracion cualitativa de los cursos se resume en
la figura.

Las puntuaciones mds bajas en los aspectos or-
ganizativos y de calidad del material se relacionan
con las valoraciones de los primeros cursos, en los
que todavia se utilizaban materiales provisionales.
A partir del cuarto curso, en el que ya se dispuso
del material definitivo, las valoraciones medias fue-
ron superiores a 8,7.
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Tabla. Contenidos del programa.

Contenido Duracién
Médulo 1 Anatomia y fisiologia pulmonar Sistema respiratorio: aspectos bésicos de anatomia y fisiologia 15h
relacionada con la espirometria Mecanismos de la respiracién: la bomba respiratoria, aspectos basicos de la mecdnica respiratoria !
Médulo 2 Historia de la espirometria. Breve resefia histdrica de la espirometria. 05h
La espirometria en neumologia La espirometria en las normativas de las enfermedades respiratorias (asma y EPOC) !
Definicidn de espirometria
Tipos de espirémetro
Cémo hacen las medidas
Médulo 3 Aspectos basicos de la espirometria Representacion de la espirometria 1,0h
Volumen/tiempo
Flujo/volumen
Alteraciones funcionales pulmonares (obstruccion y no obstruccion) en la espirometria
Control y calibracién de los espirémetros
Indicaciones y limitaciones de la espirometria
Valores de referencia
Formas de medicidn de los pardmetros observados respecto a la referencia
. .- . . Preparacién del sujeto para realizar la espirometria
Mddulo 4 Técnica de la espirometria | P ) Ietop s 1,0h
Instrucciones
Realizacién de la prueba
Criterios de aceptabilidad y reproducibilidad de las maniobras
Ndmero de maniobras a realizar
£Qué hay que mirar de cada maniobra?
Grafica
Ndmeros
) - X ) Inicio de la maniobra, extrapolacion retrégrada
Mddulo 5 Técnica de la espirometria Il Transcurso de la maniobra 1,0h
Final de la maniobra
Maniobra inspiratoria
Utilizacion de los rangos de referencia (LMN, LLN)
Componentes de un programa de control de calidad
Mddulo 6 Control de calidad Verificaciones de la calibracién y otras medidas de control de calidad de los equipos 1,0h
Contaminacién de los equipos y control de las infecciones
Practica conjunta con todos los asistentes. Realizacion de espirometrias en formato
Mddulo 7 Practica en la espirometria de rol-play con diferentes circunstancias 50h
Préctica en grupos pequefios. Practica donde se hacen espirometrias a todos los participantes
val i6n de Ia calidad de | . i Clasificacién de la espirometria
Médulo 8 aloracion ce 'a calidac de 'a espirometria. Errores mas frecuentes: del sujeto y del técnico 10h
Sesi6n practica para trabajar ., K
Valoracién de les maniobras
Médulo 9 Espirometria en nifios 0,5h
Valoracion de les maniobres inspirométricas
Diferencia entre los resultados de la espirometria y de las medidas del flujo maximo (PFR)
Prueba broncodilatadora
Médulo 10 Otras aplicaciones de la espirometria Realizacién 1,0h
Valoracion
Pruebas de provocacion bronquial
Otras aplicaciones
Médulo 11 Interpretacion de la espirometria Sesién pra;tlca enla gue s/e \{aloran conjuntamente los aspectos graficos y numéricos 2,0h
de las maniobras espirométricas
Médulo 12 Valoracién final 0,5h
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Figura. Valoracién cualitativa de los cursos.
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Discusion

La propuesta formativa es factible. En ningin caso

el curso propuesto se debi6 anular por problemas

técnicos, aunque en algunos casos desde el PDMAR
se colabord facilitando el contacto con el profesora-
do experto.

Este tipo de formacion plantea tres problemas im-
portantes:

— Silos cursos se ofrecen de una manera esponté-
nea es poco probable que se produzca una co-
bertura homogénea del territorio.

— Se requiere la implicacion de los proveedores de
servicios sanitarios para garantizar que las per-
sonas preparadas seran las que se destinardn a
los lugares de trabajo en los que se realizan las
espirometrias (lo cual no quiere decir que hagan
espirometrias de una manera exclusiva).

— La formacién bésica no garantiza el manteni-
miento de las habilidades, especialmente en los
casos en los que los profesionales realizan pocas
pruebas (o las realizan de una manera intermi-
tente) [22].

En este sentido, desde el PDMAR se trabaja para
que el Servei Catala de la Salut incluya en el contra-
to de servicios la formacién en espirometria, pro-
moviendo la realizacién de cursos en los territorios
donde todavia no se ha realizado esta formacién.

La formacién de profesionales que han de reali-
zar espirometrias deberia considerar estas caracte-
risticas:

— Reglada.

— Descentralizada.

— Con un gran componente practico.

— Con cobertura territorial.

— Debe contemplar la recertificacion (o revalidaciéon
de competencias) [23].

— Formacién continuada para mantener la calidad
y programas de autocontrol de lo que cada uno
sabe (programa que de una manera anénima per-
mita contrastar los conocimientos personales).

Estos objetivos no se conseguirdn con programas
de formacién puntuales y centralizados. Es necesa-
rio promover la formacién de formadores en cada
territorio para que puedan asumir esta perspectiva
mas amplia de la formacién, que va més alld de la
realizacion de cursos.

Steenbruggen et al [24] senalan que la formacion
es un elemento crucial para mejorar la practica de
la espirometria, pero en ningtn caso es el objetivo
final. Borg et al [22] presentan datos acerca de que
la formacién de 14 horas no es suficiente para ga-
rantizar espirometrias de calidad a los cinco meses
de la formacion y ponen énfasis en la necesidad de
efectuar una revisién activa de las espirometrias
para el mantenimiento de las competencias. No
tendria demasiado sentido separar la formacion de
la calidad. Formamos profesionales para que sean
capaces de obtener espirometrias de calidad. Ese es
el objetivo: el acceso facil por parte del clinico a es-
pirometrias de calidad. Por lo tanto, los proveedo-
res de servicios deberian promover sistemas de fi-
nanciacion que garantizaran la cobertura de las ne-
cesidades (es decir, incrementar el nimero de espi-
rometrias) con garantias de calidad (pagar por prue-
bas bien hechas).

Los elementos para conseguir una espirometria
de calidad son:

— Disponer de aparatos fiables y calibrados.

— Programas formativos adecuados para los profe-
sionales que deben realizar espirometrias y que
incluyan: formaci6n basica, formacién avanzada,
formacidn especifica para la edad pedidtrica (in-
cluida en el médulo general y, ademds, mediante
un moédulo especifico pediatrico), formacion de
formadores y programas de revalidacién de com-
petencias.

— Los programas formativos deben incluirse en la
compra de servicios a los proveedores.

— La interoperabilidad entre los distintos dmbitos
asistenciales es imprescindible para permitir el
control de calidad.

— Formacién para la correcta interpretacion de re-
sultados [25].
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— Formulacién de objetivos individuales que in-
centiven a los profesionales a la realizacién de
espirometrias de calidad: porcentaje de pacien-
tes con EPOC y otras enfermedades respirato-
rias como el asma, en los que se ha practicado
espirometria en un periodo dado.

— Definiciéon de los criterios minimos que deben
reunir los centros sanitarios para realizar correc-
tamente las espirometrias: identificacién de los
responsables de la calibracién y el mantenimien-
to, condiciones minimas del lugar donde se rea-
lizan las espirometrias y capacitacién de los pro-
fesionales que deben realizar espirometrias.

Un tema abierto al debate se centra en la organiza-
ci6én del control de calidad. En los estudios multi-
céntricos estd claro que la mejor opcién es un con-
trol de calidad centralizado [26], pero se requieren
mds estudios para poder aplicar este criterio a la
préctica cotidiana.

En un futuro inmediato, para conseguir estos
objetivos deberan utilizarse tecnologias de la infor-
macién y de la comunicacién que permitan la for-
macion online y proporcionen soporte a la toma de
decisiones, tanto organizativas y técnicas (calibra-
cién o control de calidad, por ejemplo) como asis-
tenciales (indicacién e interpretacién).
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HERMES Spirometry: the
European Spirometry Driving

Licence

Introduction

Spirometry testing is the most widely prac
ticed, most common and adaptable of all lung
function tests and spirometers are used as a
key instrument in the diagnosis of patients
with respiratory disease [1]. As a leading
cause of death worldwide responsible for
some 94 million deaths [2], and further
increases predicted by 2020, the manage
ment of lung disease becomes even more
dependent on spirometry testing. Yet evidence
of widespread underdiagnosis [3] and, as a
consequence, reduced quality of life and
premature death [4] present cause for
concer.

The grim reality evident in the presented
studies highlights a real lack of training [5],
underutilisation of spirometers [6] and diag-
nosis based on inaccurate results [7]. It is
reported that chronic obstructive pulmonary
disease (COPD), the most prevalent of the
lung diseases, is underdiagnosed in 75% of
cases [3]. The outcome of delayed diagnosis
deters effective management and treatment,
which ultimately aims to relieve symptoms,
prevent disease progression, improve health
status and prevent premature death [4]. While
educational modalities were introduced at a
national level to train spirometry practice in
some European countries, a survey carried out
by the European Respiratory Society (ERS) in
2008 confirms that no formal training in,
assessment of, or qualification in spirometry
takes place in many other countries. Using the
HERMES  project framework (Harmonised
Education of Respiratory Medicine in
European Specialties), a new Spirometry initia-
tive aspires to train and qualify healthcare

DOI: 10.1183/20734735.026310

professionals best able to deliver high-quality
spirometry. The potential benefits of standar
dised educational documents and training in
the practice of spirometry are real and
significant, strengthening patient care and
improving quality of life for respiratory disease
patients.

HERMES

Begun in 2005, the value of the HERMES
initiative is that it provides consensusbased
standards and indicators to improve quality
and practice of education and healthcare, and
establishes a guide for teachers and students
of subspeciality respiratory medicine. To date,
the Adult HERMES and Paediattic HERMES
projects have produced internationally recog-
nised educational documents and activities. If
we consider the nature of these projects, it is
clear that both the Adult and Paediatric
projects appeal to a specific target audience,
specialising in precise fields of respiratory
medicine. The very essence of the Spirometry
HERMES project is, in fact, different. For this
purpose, a new proposed structure of four key
development areas shall be implemented to
ensure all facets of the educational cycle are
covered (fig. 1)

1. Complete Training Programmes

2. Guidelines for certification of ERS Spiro-
metry Training Programmes

3. Development of educational materials
including training manuals, supporting online
modules, videos and a knowledge test for part |
4. Assessment  guidelines, production of
assessments and assessment criteria to test
Spirometry Theory and Spirometry Practice
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Figure 1
The four key areas of HERMES lead to better patient
care.

This process of establishing ERS educational
standards in spirometry are international in their
development and actively overseen by an expert
Task Force representing 13 countries across
Europe (fig. 2). The very essence of the
HERMES initiative is to offer structured support
for educational reform to take place. Evolution of
the HERMES ideology presupposes that each
project phase recommends uniform educational
criteria to be adopted and considered as best
practice in training. Considering the statistical
data confirming the gravity of lung disease
worldwide, the mission of the HERMES spiro-
metry project is to follow this intricate path to
train and qualify health professionals to perform

Breathe | March 2011 | Volume 7 | No 3

high-quality spirometry tests as well as increasing
the number of accurate and repeatable spiro-
metric measurements to be used in the diagnosis
of patients with respiratory symptoms. The
purpose of this publication is to present the
outcome of the first two phases of the HERMES
Spirometry Driving Licence project.

Historical background

Standardisation of spirometry [8], access to spiro-
meters [4] and use of accurate and repeatable
spirometry measurements [3] are requirements
central to the diagnosis, management and treat:
ment of lung diseases. The scale of the role
spirometry plays in identifying patients at risk of
disease or of perioperative pulmonary complica-
tions such as COPD, lung cancer, heart attack,
stroke and asthma [9] dictates that the tools
required to practice spirometry be given pre-
cedence within the medical arena. The available
statistics echo the true reality that spirometers
are underutilised due to absence of teaching
practices [6], and there is an extensive call for
educational reform in the training of spirometry
within this medical domain [1, 3-7, 10].

If the aforementioned requirements to
practice quality spirometry are considered, to
some extent the ERS/American Thoracic Society
2005 Guidelines in Spirometry Practice and, in
recent years, development of the spirometer,
guaranteeing widespread distribution, offer some
relief to spirometry practitioners. Yet, based on
analysis of 14 countries within Europe, only four
reported the opportunity to attend a spirometry
training course approved by a professional body
(fig. 3).

With the intention of producing a driving
licence in spirometry for health professionals
to reach competency level, the Task Force
presents the first of the educational docu-
ments; Part | Spirometry Knowledge and Skills,
Part Il Knowledge and Competence in Spiro-
metry Measurement (leading to the European
Spirometry Driving Licence Level II) and
Guidelines for the Certification of ERS
Spirometry Training Programmes.

Methodology

The HERMES European Spirometry Driving
Licence (ESDL) project was officially launched
at the ERS Annual Congress in Berlin 2008 with
the aim of harmonising training in spirometry
throughout Europe to establish and raise
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European standards in the skills required to
qualify and practice as an expert in this field.
Rationale for the project was justified following
results of the ERS benchmark analysis carried out
in 2008. As well as confirming a clear disconnect
in spirometry training practices, insight into
expectations of structure, duration, delivery and
assessment that a spirometry training programme
should possess were offered. Laying the founda-
tions to move forward, the first step the Task Force
would take was to produce a training programme
outline utilising the well established consensus
process, the Delphi technique [11].

Phase 1 - Development of the
Training Programme Outline
Within the framework of the Delphi methodology,
and following the steps taken by the HERMES
giants, Adult and Paediatric, the Task Force began
the process of designing knowledge items which
should be included in a training programme for
spirometry. A further panel of experts from 10
European countries was also identified as key
contributors to project development. In line with
the Delphi technique, the Task Force prepared a
first survey round and received responses from
673 experts. The aim of this survey was to gather
a larger representation from spirometry practi-
tioners of both qualitative and quantitative data
on the perceived skills required for training to
endorse a qualification in spirometry practice.

At the ERS Annual Congress in 2009 in
Vienna, results of the first survey round were
presented during a plenary session including all
Task Force and national respondents. High
consensus levels for each of the items assume
that the target of the survey was reached. With the
inclusion of some new items and modification of

European Spirometry Driving Licence

existing items based on comments within the
survey, a second Delphi round of 230 experts
confirmed the final training programme outline
which was approved by the Task Force in May
2010.

As the training programme items were now
in place, a new process of developing rationale
for training including the course aim, target
audience, prerequisites for training and teaching
format would need to be developed. A skeleton
structure utilising a number of references [12,13],
was presented to the Task Force in May 2010
and so began the final steps in the development
of the European Spirometry Driving Licence
Training Programme (fig. 4).

Phase 2 - Development
Euidelines for certification of
RS Spirometry Training
Programmes document
A further output from this landmark May 2010
Task Force meeting was the generation of a
number of operational issues relating to the
Spirometry Training Programme. Questions sur
rounding venue specifications, trainer qualifica-
tions and minimum numbers of spirometry tests to
be performed, only served to highlight imminent
complexities that would need to be addressed.
Between May and the upcoming September
2010 Task Force meeting, the need to stipulate a

European Spirometry Driving Licence

‘ Phase 1 - Training Programme Outline

September 2008: Launch of HERMES spirometry project
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The first phase in the European Spirometry Driving Licence Training Programme.
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Phase 2 - Guidelines for Certification ‘

May 2010: Task Force meeting
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September 2010: Task Force Workshop

A

Development of document content ‘
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~

Guidelines for the certification of ERS Spirometry
Training Programme document

Figure 5

The second phase in the European Spirometry Driving Licence Training Programme.

robust structure including measurable elements
and criteria to ensure best practices in training
and dissemination of the ESDL became obvious.

Guided by the Criteria for Accreditation
of ERS European Training Centres in Adult
Respiratory Medicine document generated from
the Adult HERMES Task Force [14], the frame-
work provided fundamental standards for train-
ing programmes to follow. By September 2010,
six sections were presented and approved and
the Guidelines for the certification of ERS
Spirometry Training Programmes document was
established (fig. 5).

Results

If we consider the objective of the first two
project phases to produce a training programme
outline and the rationale and guidelines to
launch a complete spirometry training pro-
gramme, the presented documents symbolise
the first challenge to lead this initiative toward
its end goal, each constituting the minimum
recommended criteria that training programmes
should consist of for the training of spirometry at
a European level.

Phase 1 - Development of the
Training Programme Outline
Drafted by the Task Force during the first of their
meetings, 47 knowledge items and skills were
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presented and included in the first Delphi round.
Slight modifications and the addition of new
items were made following the first Delphi.
Following a second survey round, the training
programme was agreed by the Task Force in May
2010, consisting of eight modules and 63 items
including prerequisites for training. To ensure all
components of an educational training pro-
gramme were covered, and supported by the ERS
education department, further development of
the rationale for training was completed by the
Task Force during the May meeting.

In order to train practically competent health
professionals, it was necessary that the training
programme be divided into two distinct training
parts:

1. Part | Spirometry Knowledge and Skills
covering important  spirometry theory and
demonstrate best practices in spirometry technique
2. Part Il Knowledge and Competence in
Spirometry Measurement will ensure participants
perfect technique, consider pitfalls and errors in
spirometric measurements and award a qualifi-
cation to merit participants as practically
competent to perform high quality spirometry
tests

In order to prepare for Part I, the Task Force
recognised the need to allow time for practical
experience and first hand exposure between
training programmes and so have stipulated in
the guidelines that all participants must com-
plete the ERS Spirometry Workbook before
attending Part II.

Published documents on the complete
Training Programme of both Part | Spirometry
Knowledge and Skills and Part Il Knowledge and
Competence in Spirometry Measurement are the
result of the first project phase.

Phase 2 — Development
Emdehpes for accreditation of
RS Spirometry Training
Programmes document
The objective of this phase was to generate a
structured, simple and flexible model to allow
dissemination of training across all health
professional settings who practice and teach
spirometry across Europe. Utilising specifications
within the training programme outline, each of
the six sections within the document lists the
minimum measurable elements for training
programmes to follow to qualify certification
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and award ERS European Spirometry Driving
Licence. In September 2010, the document
sections were approved and a comprehensive
document outlining Guidelines for the certifica-
tion of ERS Spirometry Training Programmes was
completed.

Discussion

The variety of HERMES initiatives are evolving
based on an increasing demand for improved
and systematic practices of education in
specialist areas of respiratory medicine.
Evidence of a current gap in training needs for
medical practitioners merely offer conviction to
the HERMES Task Forces and remind them of the
need to supply this demand. The HERMES
spirometry initiative is also the product of this
inherent path, emerging from an evident
disparity in training criteria in the training of
spirometry. Yet producing, implementing and
maintaining robust educational activities and
documents in specialist medicine are not without
challenges.

Challenges

Application and quality
assurance

Ensuring all healthcare institutions demonstrate
the ability to apply predetermined standards set
out within the HERMES documents is embedded
in complexity. The overarching goal of this
project milestone, phase 2, was to produce a
solid foundation of structured guidelines for
certification of spirometry training programmes
to follow. As the Task Force progresses through
the project continuum, a new emphasis moves
from documenting minimum criteria to applica-
tion. In fact, the final section of the Guidelines
for certification of ERS Spirometry Training
Programmes was established to produce those
procedures required for the certification process.
For the first time, consideration of the approval
body, the application process, the certification
process and costs is realised, project success
demands a vigorous, adaptable and inexpensive
model.

To certify is to apply standards as a basis of
quality assurance. Traditionally, accreditation or
certification of educational programmes within
the medical arena has been based on the
wellestablished practice of site visitation [15].
However, site visitation is a resourcedependant
process, the costs beared by the training centre

European Spirometry Driving Licence

and, as a consequence, too often excluding
those unable to afford external and voluntary
certification. The next stages will address this
process of certification and it is the intention of
the Task Force to publish Section 7 Approval
Process and Distribution of ESDL Certificates at a
later date which will employ new and diverse
methods of quality assurance including prepara-
tion of standardised educational materials to be
used during training, online training modules,
and use of generic assessment methods all
contributing as a means of quality control.

Dissemination of the European

Spirometry Training Programme
Applying minimum standards not only offers
guidance for trainers of spirometry to follow but
also present an incentive to improve, or for some
countries introduce, structured training and
consequently  dissemination of a European
spirometry qualification. To accomplish success
at this project step and indeed looking to future
developments for the project, the initiative
necessitates distribution to a wide audience of
health professionals across a number of medical
settings. Consequently, achievement demands
educational documents which are simple, robust
and adaptable. It is intended that the documents
provide a guideline for training programmes of
spirometry to follow and to allow flexibility
across  international, cultural and  regional
boundaries, which will allow delivery at local
level. Support for ESDL trainers will be provided
through standardised educational materials as
well as a “TraintheTrainer” course, which will be
held each year at the ERS Annual Congress.
Moreover, this HERMES project finds itself
confronted with the fresh challenge of transla-
tion. A new wave of HERMES now looks towards
distributing educational documents and activities
to national delegates and respondents for
translation. Reaching the intended audience
requires coherence within ERS and across
national societies.

Conclusion

Spirometry practitioners have the opportunity to
take ownership to improve and measure their
knowledge and practice of spirometry, emphasis-
ing commitment to education and value of
attaining a European qualification. For the first
time, harmonisation of training in spirometry
offers an objective process for evaluation within
Europe. With a training programme outline and
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guidelines for certification of ERS training
programmes now in place, the Task Force looks
to putting theory into practice with a real focus
on application. To facilitate a training model, the
next project steps intend to design and utilise
educational materials, online modules and
assessment criteria aligned to concrete standards
set out by the Task Force, further strengthening
the value of the spirometry HERMES project.
The significance and impact of spirometry as
a measure of global health and a predictor of
morbidity and mortality resonate throughout the
literature [16], and presuppose that spirometry
testing receive priority within the medical arena.
Yet evidence of a substantial lack of training and
inconsistencies in  standards across many
European countries, there is most certainly scope
to improve spirometry practice and reinforce
quality patient care. At the core of this
impending challenge, the Spirometry HERMES
initiative attempts to produce consensusbased
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Access to quality spirometry is an essential objective in order to be able to minimize the underdiagnosis
of respiratory diseases, especially that are most frequent, such as COPD and asthma. This objective can
be reached in the short term, but it requires the simultaneous integration of different strategies: training
of the health-care professionals who perform spirometry, definition of standards for the transmission of
the information, technical requirements for acquiring apparatuses and the correct interpretation of the
results.

This present study shows the use of standards for the electronic exchange of clinical information.
In order to normalize the treatment of the data related with spirometry and to enable the exchange
of information, we have used the standard CDA R2 (Clinical Document Architecture, Release 2) of HL7
(Health Level Seven), version 3. HL7 is a product by HL7 International, a non-profit organization that
deals in the production of standards in the health-care setting in order to facilitate interoperability.

Furthermore, defining these standards is essential for ensuring that they are adopted by spirometer
manufacturers. By means of this process, the base is set for facilitating access to spirometry at the health-
care level, while at the same time it is a fundamental technical element for designing quality control
programs of the explorations.

© 2011 SEPAR. Published by Elsevier Espaiia, S.L. All rights reserved.

Requerimientos técnicos de los espirometros en la estrategia para garantizar el
acceso a una espirometria de calidad

RESUMEN

Palabras clave:

Espirometria

Calidad

Interoperatibilidad

Pruebas de funciéon pulmonar
Estandares

El acceso a una espirometria de calidad es un objetivo imprescindible para poder minimizar el infra-
diagnéstico de las enfermedades respiratorias, especialmente en las mds frecuentes como la EPOC y el
asma. Este objetivo es alcanzable a corto plazo, pero requiere la integracion simultidnea de estrategias
diversas: formacion de los profesionales que deben realizar la espirometria, definicion de estandares para
la transmisién de la informacién, requerimientos técnicos en las adquisiciones de aparatos y la correcta
interpretacion de los resultados.

El presente trabajo muestra la utilizacién de estandares para el intercambio electrénico de informacién
clinica. Para normalizar el tratamiento de los datos relacionados con la espirometria y permitir el inter-
cambio de informacién se ha utilizado el estindar CDA R2 (Clinical Document Architecture, Release 2) de
HL7 (Health Level Seven) versién 3. HL7 es un producto de HL7 international, una organizacién no lucrativa
que se dedica a la produccién de estindares en el dmbito de la salud para facilitar la interoperabilidad.

La definicién de este estandar, ademas, es imprescindible para asegurar la adopcién del mismo por
parte de los fabricantes de espirémetros. Mediante este proceso se ponen las bases para facilitar el acceso
a la espirometria desde todos los dmbitos asistenciales y, a su vez, es un elemento técnico fundamental
para disefiar los programas de control de calidad de las exploraciones.

© 2011 SEPAR. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados.
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Introduction

More than 150 years ago, John Hutchinson became interested
in the value of the volume of air that humans could exchange with
the environment.? Since then, spirometry (the systematic and
standardized measurement of this capacity to mobilize air) has
become a key piece in the detection, diagnosis, prognosis and the
follow-up of respiratory diseases. Spirometry does not provide
the etiologic diagnosis, but it enables us to observe the
physiopathological basis of the process and in this manner to
approximate the diagnosis by means of signs which are easy
to detect: flow and volume.?

Although spirometry is a non-invasive test that is relatively
easy to carry out, several studies give evidence of difficulties to
access the test and the problems related with the quality of the
data collected. In part, the problems related with spirometry are
due to the fact that it is a test that requires complete patient
cooperation. The expiration maneuver requires intensity, time and
coordination in order to obtain measurable values with clinical sig-
nificance. In order to achieve this, it is crucial for the professionals
performing the test to be properly trained. But, moreover, it has
been repeatedly observed that the availability of a spirometer does
not guarantee its routine use.* In addition to its underuse, Mon-
teagudo et al.”> observed the incorrect register of spirometric data
and their limited impact on treatment changes over the course of
patient follow-up.

Despite everything, quality spirometry is a reachable objective,
as has been demonstrated in epidemiological studies with differ-
ent participating observers.® Therefore, it is possible to aspire to
quality spirometry in all health-care settings and even in non-
health-care settings, such as in the homes of patients themselves’
and in pharmacies.8

One of the challenges of all health-care systems is the imple-
mentation of strategies that promote the change of clinical
practices in accordance with the evidence available. The Health
Department Directives (Planes Directores del Departamento de
Salud)? intend to make decisions on strategic planning with tech-
nicians in order to improve the service provided. Thus, the Master
Plan for Respiratory Diseases (Plan Director de las Enfermedades
Respiratorias-PDMAR) was created in 2010, after a prior study of
nearly two years, in order to improve the care of patients with
respiratory diseases.

Since its inception, the PDMAR considered it as priority to guar-
antee the access to quality spirometry in all health-care settings.
Quality spirometry is an essential tool for dealing with the problem
of the underdiagnosis of respiratory diseases, especially chronic
obstructive pulmonary disease (COPD).!? A favorable element was
the confirmation of the availability of spirometers in practically
all primary care centers, but the problems described in the liter-
ature were likewise confirmed: little regulated training, rotation
of the professionals, underuse of the spirometer and limited sys-
tematic quality control, both of the apparatuses as well as of the
explorations carried out.

Based on the recommendations of experts, a specific workgroup,
contributions of scientific societies and the evidence in the lit-
erature, these initial proposals for quality spirometry have been
defined:

e From the outset, attempts made at promoting quality spirome-
try should be a group effort based on the participation of all the
professionals involved, both from the specialized setting as well
as from primary care.

e The training of the health-care professionals that perform
spirometries is crucial and should be accompanied by manage-
ment policies for the workplace that avoid excessive rotation.

Table 1
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Key Elements for Achieving Quality Spirometry.

Elements

Actions

1. Precise and reliable local
information

2. Design a training program

3. Design of a training program
for trainers

4. Standardization of the values
obtained by the spirometers

5. Interoperability among different
health-care settings

6. Design of a systematic control
mechanism for spirometry

7. Definition of the practical rules of
organization and implementation
of spirometry in the different
health-care settings

8. Training program for spirometry

Surveys have been done about
carrying out spirometries in hospitals
and in primary care

Training program of a minimum

of 16 h of theoretical and practical
training, with a specific additional
training for testing in pediatrics
There, the objective is to have training
offered in different regions and,

in order to decentralize it, and it is
necessary to train trainers.

Creation of the CDA for spirometry
and the guidelines for its
implementation

Design of projects for solution
validation, with the collaboration
among health-care centers, PDMAR,
Oficina d’Estandards and Pla de
digitalitzacié de la imatge médica
Standardization and interoperability
are essential to guarantee quality
control

These rules should include aspects

of placement, conditions of the
installation and use as well as the
systemic control of the apparatuses
Design of an on-line training program

interpretation

e Quality control for spirometry implicates the standardization of
the values obtained and the systematic analysis of the explo-
rations. Both elements require communication technologies and
guaranteed interoperability among the different apparatuses
and the information systems of all the health-care settings.

Table 1 summarizes the actions that PDMAR promotes with the
aim of providing quality spirometry.

Standarization

Promoted by the Office for Standards and Interoperability of
the Catalonian Department of Health (Oficina de Estdndares e Inter-
operabilidad de TicSalut, Departamento de Salud) and by the Plan
for the Digitalization of Medical Images (Plan para la Digitalizacion
de la Imagen Médica del Departamento de Salud de la Generalitat
de Catalufia), standards have been created in order to achieve the
normalization of a complete group of data related with spirom-
etry. These standards have been based on version 3 of HL7, CDA
R2. The CDA R2 (Clinical Document Architecture, Release 2) stan-
dard by HL7 (Health Level Seven) (version 3) is a product of HL7
International, a non-profitable organization that is dedicated to
the production of standards in health care in order to facilitate
interoperability. CDA'! defines the structure of a clinical document
and uses XML to label the different categories of information. XML
is the standard for the structured information exchange between
applications, regardless of the technological platform used. A CDA
can be viewed from any computer using a web navigator. The
CDA for spirometry includes the data of the patient, the informa-
tion of the context of the test, the resulting clinical parameters,
the flow-volume and volume-time charts as well as the origi-
nal signal captured by the spirometer. Likewise, it includes data
about the origin of the request obtained from the electronic med-
ical files of the hospital or the health-care center. The clinical
information is coded using SNOMED CT (Systematized Nomencla-
ture of Medicine—Clinical Terms), which allows it to be processed
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automatically and incorporated into the patient medical files in a
structured manner.

Interoperability

The Office for Standards and the Plan for Digitalization of the
Department of Health have elaborated the guidelines for the imple-
mentation of the spirometry CDA in collaboration with the Master
Plan for Respiratory Diseases (PDMAR).

The availability of the CDA for spirometry allows for information
to be exchanged in a standard manner, making the interoperabil-
ity between different health-care providers and settings possible,
executing exploitation services with the data from the resulting
standardized spirometry report (very important for research pro-
cesses) and facilitating the implementation of systematic control
processes that guarantee the objective of obtaining quality spirom-
etry.

The suitability of this standard as a mechanism for the exchange
of information will be evaluated in various projects with the partic-
ipation of different service providers and professionals of different
health-care settings.

Spirometer Requirements

The inclusion of this CDA as a technical requirement for acquir-
ing spirometers is essential for ensuring that it is adopted by the
manufacturers and for its mid-term generalized use. The Office for
Standards has likewise established a procedure for homologation,
through which the manufacturers can certify that their equipment
conforms to this standard proposed.

The Plan for the Digitalization of Medical Images has proposed
to the Catalonian Health Administration (Servicio Cataldn de la
Salut-CatSalut) the requirements that the spirometers should meet
to guarantee interoperability. Table 2 describes the requirements as
they appear in the public tender for the acquisition of spirometries.
These requirements, which meet a general consensus, are essential
to achieve the objectives set by the PDMAR for access to quality
spirometry.

In short, the final objective of quality spirometry requires the
integration of several strategies: training, definition of standards
for the transmission of the data, technical requirements for the
acquisition of spirometers, interpretation of results, etc. Each one
of these strategies is fundamental, but their isolated impact is min-
imal if they are not properly integrated. All these should be done
in response to a key health-care challenge: early diagnosis of res-
piratory diseases, particularly the most prevalent such as COPD
and asthma. The dissemination of quality spirometry is a goal that
is within our grasp in the near future. The previously explained
technical requirements will allow us to make forced spirome-
try a reliable procedure, giving access the numerical as well as
charted data, and quality spirometry will become compatible with
its extensive use in all health-care settings.

Quality spirometry is a reachable objective.'? The technologi-
cal elements related with standardization and interoperability are
the foundation on which quality spirometry is based. In the first
place, without standardization and interoperability, it is very dif-
ficult to exchange data among providers with different computing
platforms. Furthermore, by means of these technical elements, it is
possible to propose performing spirometry outside the health-care
system setting, for instance in patients’ homes. But the most impor-
tant challenge is quality control. All these technological advances
should enable routine quality control of the procedures that are
performed and, consequently, allow room for improvement. In any
given territory, the final objective should be to guarantee the access
of all the clinicians to quality spirometry, regardless of the type of

Table 2

Requirements of CatSalut for Spirometries and Calibration Syringes (2011).

Definition
Spirometer with microprocessor and printer for lung function
and bronchodilation tests, with memory for storing tests

Basic characteristics

 Provides spirometry testing in both adults and children

o Has graphic incentives

o Provides volume-time or flow-time charts of a complete breathing cycle,
both forced as well as slow

 Provides real-time viewing of the flow/volume and/or volume/time curves
on a screen during forced spirometry

 Provides the following parameters:
-VvC
-FvC
- FEV;
- PEF
- FEF5%-75%
- FEF75% 50% 1 25%

o Memorizes the results from a minimum of 6 tests (6 baseline tests
and 6 post-bronchodilation tests)

 Provides the possibility for add-ons, such as SaO, modules, etc.

o Has exterior finishes that are chip-resistant, hard and color-fast

o Incorporates antibacterial filters

o Adapted for electric power supply and/or rechargeable batteries

« Includes printer for curves and parameters

o Exports data in a structured format; all information necessary should be
provided in order to integrate these data with the health-care facility’s
information systems

Other characteristics to consider

« Interoperable with e-CAP systems (electronic clinical history)

« Integrated with the HIS of the centers by means of HL7 messaging in order
to receive the activity program

o Exports data in the standard format of the Department of Health (CDA R2
for spirometry)

« Has Encapsulated CDA Storage, SOP Class 1.2.840.10008.5.1.4.1.1.104.2

o Provides the necessary software, server or client licensing to meet the
interoperability requirements as well as the installation and configuration
of the software included. In cases when a central server is necessary,
it will not be included in the proposal

« Saves the different tests of a patient in order to choose the best

o Low-cost di ble parts and mai e

o Low risk for contamination; maximum simplicity for sterilization
and disinfection of the respiratory circuit; possibility for a disposable
transducer

o Ports for RS-232 and/or USB, ethernet and data exportation to PC
and printer

Accessories
Basic
« Case for the equipment
o 3-L calibration syringe

Regulations
Mandatory
o Meets current legislation and other applicable regulations

health-care center. It is not a fantasy, as it is already possible with
chest radiography or electrocardiography, for example. Technology
and an integral, multidisciplinary approach is essential for reaching
this goal.
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Abstract
200 words

Background. We recently demonstrated that quality of forced
spirometry (FS) in primary care can markedly improve with remote
off-line support from specialized professionals (Burgos et al Eur
Respir J 2012; 39: 1313-1318). It is hypothesized that
implementation of automatic on-line assessment of quality of FS may
significantly enhance the potential for extensive deployment of a high
quality FS program.

Aims. To elaborate and validate a Clinical Decision Support System
(CDSS) for automatic on-line quality assessment of FS.

Method. The CDSS was done through a three-step process including:
i) identification of optimal sampling frequency; ii) iterations to build-
up an initial version using the 24 standard FS curves recommended
by the American Thoracic Society; and, jii) iterations to refine the
CDSS using 270 curves from 90 patients. In each of these steps the
results were checked against one expert. Finally, 778 FS curves from
291 patients were analyzed for validation purposes.

Results. The CDSS generated appropriate on-line classification and
certification in 88% of FS testing with 96% sensitivity and 95%
specificity.

Conclusions. Consequently, only 12% of FS testing required off-line
remote classification by an expert indicating a potential positive role

of the CDSS in the deployment of a high quality FS program.
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Introduction

High Quality Forced Spirometry (FS) testing across healthcare levels
is pivotal for proper management of patients with prevalent chronic
respiratory disorders, namely asthma and COPD(1).

We have recently reported effectiveness of a web-based application
for remote off-line expert support to enhance quality of FS in primary
care. High quality testing improved in a sustainable manner with the
remote support(2). A relevant difference was observed between the
intervention group, 71.5% high-quality FS, and the control group,
59.5% high- quality FS, throughout the 12-month follow-up period
(p<0.001). Similar figures have been reported in pharmacy offices,
as part of a COPD case finding program (3).

Extensive deployment of the web-based remote support from
specialists to primary care is progressing in the Basque Country
(Spain), wherein the program is planned to cover the whole
population of the region, 2,2 million inhabitants, by 2014(4;5).
Automatic assessment of quality of FS testing should enhance the
efficiency of the program. Unfortunately, current applications for on-
line assessment of quality of FS misclassify the tests, as compared
with examinations done by expert professionals (2).

We hypothesize that elaboration and validation of a Clinical Decision
Support System (CDSS) for on-line automatic assessment and
certification of quality of FS in primary care may represent a pivotal
step toward adoption of the high quality FS program in large regions.
The current study is part of the refinement of the ongoing
deployment of the high quality FS program in Catalonia (6), an

European region of 7,5 million inhabitants.

Method
Building-up the CDSS

As displayed in Figure 1, the initial step in the process for
elaboration of the CDSS was the identification of the optimal sampling
frequency to achieve highest sensitivity and specificity in the analysis
of the spirometric curves. The process was done using the 24
standard flow-volume (F/V) and volume-time (V/T) curves from the
pulmonary waveform generator recommended by the European
Respiratory Society/American Thoracic Society(7). To this end, a
systematic examination of a large range of sampling frequencies,
from 6.25 to 100 Hz, was done during the first iterative process
indicated in the figure.

The construction of an initial version of the CDSS was carried out
using the 24 standard FS curves (8;9) following an iterative process,
as displayed in Figure 1. In each step, the results generated by the
CDSS were compared with the criteria of one expert in the field of
lung function testing (FB) and the iterative process was maintained
until sensitivity and specificity of the results generated by the CDSS

showed 100% agreement with the expert.

The CDSS combines the different aspects assessed on the FS curve
in one score with three different categories: i) Grade 0, rejected due
to unacceptable morphology of the FS curve; ii) Grade 1, acceptable
for further classification according to Table 1; or, iii) Grade 2,
undefined characteristics of the FS. The two first categories, Grades 0
and 1 allow proper on-line automatic classification of FS testing as
well as the generation of a certified FS curve to be potentially shared
across healthcare tiers; whereas Grade 2 requires off-line expert

assessment.

The CDSS systematically assessed 27 different characteristics of each

FS curve according to Table 2. Each of these 27 features had a well
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defined specific algorithm for calculations with initial parameters that
were refined through successive iterations until the final version of
the CDSS was obtained (Figure 1). As indicated above, the
performance of each of the successive versions of the CDSS was
compared with the results provided by the expert. A refined version
of the CDSS (Figure 1) was achieved using 270 curves from 90
patients from(2).

CDSS validation

The refined version of the CDSS was compared with a database of
778 curves from 291 patients from one of the Primary Care centers in
Barcelona. The FS testing was done using a spirometer (Sibel 120,
SIBELMED, Barcelona Spain). Again, the score generated by the
CDSS was compared with the one obtained from the same expert

evaluator.

The use of the two databases of FS curves from patients for
refinement and validation purposes, respectively, was approved by

the Ethical Committee of the Hospital Clinic i Provincial de Barcelona.

Data analysis
The ATS database (8) contains volume (V) values of each curve, from

which flow (F) values were obtained by discrete differentiation.

V[i]=V[i—-1] (1)

Fli] = At

The two patient’s databases contain flow (F) values, from which

volume (V) values were obtained by discrete integration.

Vil =ZF[i—n]*At )
n=0

wherein i= 1,...,,N, being N the length of the sequence. The sample
period is At = 0.01 s, so the sample frequency is 100 Hz.
Sensitivity and specificity of the CDSS were calculated for all curves

classified as classes 0 or 1.

TP

Sensitivity= s

TN
TN+FP

Specificity=

wherein TP (true positive) corresponds to curves classified as class 0
by both CDSS and the evaluator; TN (true negative) corresponds to
curves classified as class 1 by the CDSS and the by the evaluator; FP
(false positive) indicates curves classified as class 0 by the CDSS, but
classified in class 1 by the evaluator; and, FN (false negative)
corresponds to curves classified as class 1 by the CDSS, but as class

0 by the evaluator.
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Results

The sampling frequency that provided the highest sensitivity and
specificity for the analysis carried out with the 24 standard FS curves
recommended by the ATS was 100 Hz (Figure 1) (see Table 1, in the
on-line supplement). This result was confirmed in the 270 curves
from 90 subjects (2).

Both sensitivity and specificity of the CDSS were initially calculated
with the 24 standard FS curves recommended by the ATS(7) using
only class 0 and class 1 curves. The results were as follows: class 0,
n=15; class 1, n= 6; class 2, n= 3 with 100% sensitivity and 100%
specificity. Up to five complete versions of the CDSS were generated
in the two iterative processes indicated in Figure 1, until a final

version of the CDSS was ready for validation.

The validation study using 778 curves from 291 patients showed the
following distribution of FS curves: 419 maneuvers (54%) were
appropriately classified as bad curves (Class 0); 266 maneuvers
(34%) were appropriately classified as good curves (Class 1); and,
only 93 maneuvers (12%) needed an off-line review by a Lung
Function expert to assess quality of the test (Class 2). Sensitivity and
specificity calculations for Class 0 and Class 1 curves were 96.1 and

94.9%, respectively.

DISCUSSION

The current research has generated and validated a CDSS showing
ability to classify a reasonable percentage of FS curves, 88%, as
either acceptable (class 1) or bad manoeuvres (class 0). Only 12% of
the curves were classified as undefined (class 2) and were candidate
for off-line remote validation by an expert. Moreover, we observed
that both sensitivity and specificity of the CDSS were very high.
Consequently, the results seem to indicate that a vast majority of FS
testing carried out by non-specialized professionals in primary care
can be reliably assessed on-line and, consequently, the high quality
FS program partly based on remote automatic evaluation of the
testing could be considered ready for regional scalability. Obviously,
further steps toward extensive deployment of the program must
planned with caution. A proper monitoring of the potential for
generalization of the current results and the need for further
refinements of the current CDSS should be taken into account.

In the new scenario, as indicated by the BPMN (Bussiness Process
Management Notation) diagram, displayed in Figure 1 of the on-line
supplement, acceptable manoeuvres (class 1) will be automatically
addressed to the algorithm indicated in Table 1 that classifies and
certifies FS testing prior to its recording into the local (Electronic
Health Record, HER) and regional repositories. In contrast, those
manoeuvres classified as bad curves (class 0) will generate an on-line
specific error message to the professional indicating the need to
perform additional testing until quality acceptance is reached. As
indicated, we estimate that approximately 12% of the curves will not
be properly classified (class 2) and they will need an off-line remote
supervision by an expert professional. In this case, the FS testing of a
given patients will need to be re-scheduled.

Previous reports have indicated the potential of telemedicine to

enhance both quality and diagnostic potential of FS testing carried
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out by non-expert professionals(10-12), but the quality control in
those studies was based on off-line analyses by expert professionals
carried out in a time-consuming manner (13-15). Likewise, the need
for an external, likely centralized, quality control program (12;14-17)
is well established. The results of the current study refine previous
achievements (2) and open the way to explore extensive and efficient
adoption of this type of high quality FS programs.

We acknowledge that high quality FS programs combine several
different dimensions, namely: i) professional coaching (18;19), ii)
remote support (2); iii) interoperability of testing across healthcare
levels (20); iv) standards for procurement of equipment(7;21); and,
v) support to interpretation of testing (22;23). The current study
provides pivotal results to efficiently address issues associated to
remote support of FS testing. But, a proper integration of all the
above elements needs to be considered in the process of shaping a

successful high quality FS program for scalability at regional level.

Limitations of the study

We acknowledge two principal limitations of the study. Firstly, we
included only one expert observed (FB). The CDSS should be re-
assessed in the future with the inclusion of at least 3 different
experts. Moreover, the current study evaluates the CDSS in an
isolated manner. But, further assessment of the whole clinical process
as defined in the BPMN (see Figure 1 in the on-line supplement)

should be done before specific plans for scalability are undertaken.

Conclusions
To our knowledge, the current study constitutes the first successful
attempt to validate an automatic CDSS for large scale on-line

assessment of quality of FS testing. The incorporation of the CDSS

into the web-based application for remote assistance to primary care
professionals (2) may facilitate sustainable high quality FS.

The results indicate a high potential of the CDSS for discrimination
between good and poor quality results of FS testing, but they require
further independent validation before specific plans for

implementation are materialized.
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TABLES AND FIGURES

Table 1. Quality scores for spirometric manoeuvres according
to ATS/ERS standardization (7)

3 acceptable manoeuvres, and best 2 matched with differences in FVC and / or FEV4
<150 ml

3 acceptable manoeuvres, and best 2 matched with differences in FVC and / or FEV4
<200ml

2 acceptable manoeuvres, and best 2 matched with differences in FVC and / or FEV4
<250 ml

1 acceptable manoeuvre

None acceptable manoeuvres

High quality spirometries, A and B scores, correspond to, (A, 3 acceptable manoeuvres with
differences in FVC and/or FEV, <150 ml, and (B, 3 acceptable manoeuvres with differences in
FVC and/or FEV, <200 ml); C to high variability among manoeuvres; D only one acceptable
maneuver; and, F none acceptable maneuver
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Table 2 - List of features of the forced spirometry curve

explored by the CDSS

BEV trad, Back extrapolation >0.15 L or < 5% of FVC
EOTV trad End of test criteria, volume < 0.025 L in time 21 s
Tex Time of end FVC (Tex>6 s)

EOTV new (5 criteria)

a) EOTV <0.025 L or Tex>6 s;

b) If Tex>6 s EOTV<0.025 L in time 0.5s;
c) If Tex>6's, EOTV <0.1L;

d) EOTV(Tex) = EOTV * 6/Tex;

e) EOTV < 0.025 * Tex/6 L

EOTV trad AND EOTV new

EOTV trad and all EOTV new (a;b;c;d;e)

EOTV trad OR EOTV new

EQOTV trad and some of EOTV new (a;b;c;d;e)

Tex AND EOTV new

Tex and all EOTV new (a;b;c;d;e)

Tex OR EOTV new

Tex and some EOTV new (a;b;c;d;e)

Peak_Valley_Single,

High local maximum (peak) and minimum (valley) in FV curve

Peak_Valley_Combined

High local maximum (peak) and minimum (valley) in FV curve
close to FEV1

VT _end,

Irregularity or oscillation at the end of VT curve

FV_slope_single,

Variation of FV slope or high FV slope.

FV_slope_combined,

Variation of FV slope and high FV slope.

FVSlope Test Combo,

Irregularity and variation of FV slope or high FV slope

FVSlope_Test_Combo_Area Under Rect,

Irregularity or variation of FV slope and high FV slope

FVSlope_Test_Combo4,

Irregularity and variation of FV slope and high FV slope

Diff_single, Irregular concavity - convexity before the PEF value in FV
curve

iff_combined, Irregular slope and irregular concavity-convexity before the
PEF value in FV curve

PEF TimeUp Time of archive PEF < 130 milliseconds

PEF TimeDown, Time of archive PEF > 0.25 milliseconds

PEF Cut, PEF is not a peak in FV curve (is plane). Volume (F=PEF) > 15

% FVC

PEF Cut2 FEV;,

PEF is not a peak in FV curve (is plane). Volume (F=PEF) >
17.5 % FEV4

PEF Peak_Test_Combo,

Volume (F=PEF) > 15 % FVC and/or Volume (F=PEF) > 17.5
% FEVA1

PEF Peak_Test_Combo2,

Volume (F=PEF) > 15 % FVC and Volume (F=PEF) > 17.5 %
FEV4

PEF DoublePeak,

PEF bimodal in FV curve

PEF Double Peak_Combo,

PEF bimodal and PEF is not a peak (is plane) in FV curve

PEF Slow,

Volume of archive PEF < 20% FVC

BEV (back extrapolation); EOTV (end of test criteria, volume); Tex (Time to end FVC); VT (volume/time
curve); FV (flow/volume curve); PEF (peak expiratory flow); FVC (forced vital capacity) ; FEV, (forced

expiratory volume in the first second)

Figure 1. Flow of the process followed to elaborate and validate the
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Figure 2. Analysis of the slope of a flow-volume forced spirometry
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Discussion

The summary of the main findings and outcomes of the PhD thesis, grouped by each of the
three main objectives, are described below:

Objective 1 — Transferability of FS to Primary Care and Pharmacy Offices

The first study clearly showed the potential of the web-based application to generate sustain-
able high-quality transfer of FS to inexperienced non-specialized primary care professionals
from five different regions of Spain. The study showed that remote collaboration between pri-
mary care professionals and lung function specialists has a sustainable positive impact on qual-
ity assurance of FS performed by non-experts. A relevant difference was observed between
the intervention group (71.5% high-quality FS) and the control group (59.5% high- quality FS)
throughout the 12-month follow-up period (p<0.001). The study generated the seminal data
that triggered the scalability program aimed at transferring FS to primary care professionals.
Consolidation of such transferability, explored in other studies of this PhD thesis and in on-
going research, may pave the way for ICT-supported re-engineering of the management of
patients with chronic respiratory diseases within a coordinated care scenario.

The second and third manuscripts tackled an innovative question, that is:

Can pharmacy offices be main actors in a COPD case-finding program run in close coordination
with primary care physicians?

The results of these two studies confirm positive results for this type of service. Moreover,
beyond the COPD case-finding objective, the two studies seem to identify a high potential of
pharmacy offices as health agents in the borderline area between formal and informal care. It
should be acknowledged that the two studies fail to demonstrate effectiveness of the entire
value chain of the service, including coordination with primary care physicians. The latter is
being currently partly approached, beyond this PhD thesis, through the validation of a Clinical
Decision Support System in the Synergy-COPD EU project(68) and in the Catalan Master Plan
for Respiratory Diseases (PDMAR).

Objective 2 — Assessment of requirements for scalability at a regional level in Catalonia
Manuscripts 4 and 5 analyze the current status of Lung Function Testing in Catalonia both at
hospital level and at primary care level. They were carried out within the frame of PDMAR. The
findings support the need for:

I) Expanding the role of FS beyond specialized care; and,

II) Achieving homogeneous distribution of lung function testing across the territory with
accessibility of testing results across healthcare tiers.
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Overall, the two analyses confirmed the need for the transferability program addressed in the
PhD thesis.

Also within Objective 2, a second set of studies acknowledges the high relevance of the coach-
ing programs addressed to non-specialized professionals as one of the main components of
the strategies for deployment of ICT-supported functional testing in coordinated care. Manu-
script 6 generates proposals in this area within the framework of PDMAR in Catalonia; whereas
manuscript 7 describes the European situation, through the Hermes program for continuous
professional development endorsed by the European Respiratory Society.

Objective 3 — Technological contributions to scalability
Two main outcomes must be highlighted within Objective 3:

Firstly, the connectivity of the measurement equipment had to be ensured through the elabora-
tion of a properly standardized transfer of the relevant FS data using HL7 v3 and CDA R2 standards.

The initiative was promoted by the Office for Standards and Interoperability of the Catalonian
Department of Health within the Plan for the Digitalization of Medical Images (69), as reported
in manuscript 8. Some manufacturers have already implemented the design (70) that has be-
come a requirement for public procurement in Catalonia. Furthermore, the Spanish Respira-
tory Society (SEPAR) has recently included the CDA in its official recommendations for forced
spirometry standards (71). Although this outcome represents a key step for interoperability of
FS at health system level, we acknowledge that it is just one of the steps required to ensure ac-
cessibility of FS across healthcare tiers. Interoperability strategies are further discussed below.

A second main outcome within Objective 3 was the validation of an algorithm for automatic
assessment and certification of FS. The research included the design and validation of the new
algorithm through the following steps: i) assess the optimal sampling frequency; ii) identify a
novel quality criteria to be used in the algorithm, up to 27 characteristics of the FS curves were
taken in to account to elaborate the new algorithm; iij) elaboration of a first version of the
algorithm using the 24 standard Flow-Volume and Volume-Time curves recommended by the
ATS (72;73); iv) elaboration of a refined version of the algorithm using 270 FS curves from 90
patients from (74) through an iterative process wherein results were compared with an expert
professionals; and, v) validation of the algorithm using a database of 778 FS curves from 291
patients provided by one primary care center. Main study results were:

* The highest sensitivity and specificity in the analysis of FS curves was identified at a 100 Hz
sampling. It is of note that most current equipment meets the requirement.

* Sensitivity and specificity of the algorithm for automatic quality assessment of FS was 96.1
and 94.9% respectively.

® Only 12% of FS maneuvers could not be properly classified by the algorithm and required
off-line remote assessment by an expert.

The successful completion of the study (manuscript 9) constitutes a pivotal step toward scalability
of the transfer of FS to primary care and pharmacy offices at regional level. Within the frame of
the Synergy-COPD EU project, the algorithm has been integrated into the ICT-platform support-
ing coordinated care. One of the aims of this EU project is validation of the entire clinical process.
Furthermore, scalability of the service is planned, as part of the PDMAR mainstream goals.

Do the outcomes of this thesis represent an added value to existing solutions?

All the documents on recommendations for FS standardization issued by international respira-
tory associations (49), primary care societies (58), as well as the contributions of numerous in-
dividual authors, emphasize the need for high quality FS. It is of note, however, that such a goal
is only satisfactorily achieved in specific scenarios (75-79) such as clinical trials and controlled
research studies, where tight centralized quality control of testing is in place. The logistics of
the quality control is often done by a Contract Research Organization (CRO) that provides ICT-
support to the trial sponsor on a proprietary system.

The challenge addressed in this PhD thesis is defined by the fact that the deployment must
be carried out in a real clinical scenario in its transition from standard care to a coordinated
care environment with ICT-support in which a substantial transfer of complexity from hospital-
based specialized care to primary care is envisaged. This rather gigantic operation required at
least three levels of complexity to be addressed:

* |dentification of factors determining high-quality FS and design of a deployable service.

* Design of the ICT-support providing interoperability at a systems level and based on an
open, modular ICT platform allowing scalability at a regional level.

* Definition of strategies for real step-by-step deployment of the innovative service in
healthcare sectors with potential for scalability at regional and international levels.

Consequently, the outcomes generated should provide entirely new solutions in a novel sce-
nario. The collection of studies of this PhD thesis should be envisaged as a coordinated effort
to generate innovative solutions for functional testing in ICT-supported coordinated care for
chronic patients.
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Main elements of the service: training and web-based application

Different authors (27;58;80) have elaborated on the need for transferring well- established qual-
ity assurance programs from lung function laboratories to the primary care setting to ensure
the quality of the tests. There is evidence (55;56;79) suggesting that external quality assurance
in primary care needs to be implemented. In an extensive review of FS performed in primary
care, it was found that general practitioners identified approximately 90% of their own tests as
acceptable; whereas the opinion of an expert decreased the acceptance rate to 63% (55).

We acknowledge that traditional training constitutes a pivotal element in obtaining high-quali-
ty FS, but conventional training does not ensure the sustainability of high-quality testing. Novel
training modalities are being explored. Recently, the European Respiratory Society has initi-
ated a certified e-learning training program for professionals (81). The impact of this program
on high-quality FS should be evaluated over the coming years, but it does not seem to fulfill the
coaching requirements of non-specialized health professionals.

The three studies under Objective 1 (manuscripts 1 to 3) demonstrate efficacy and potential
for deployment of the high-quality FS program in the two scenarios assessed in this PhD thesis:
primary care and pharmacy offices. Moreover, the design of the algorithm for automatic evalu-
ation of FS quality and its results in terms of sensitivity and specificity (manuscript 9) set the
basis for the design of a realistic strategy aimed at the deployment of a high-quality FS service
in these two scenarios.

The studies under Objective 2 confirm the need of such a high-quality FS program in Catalonia
(manuscripts 4 and 5), but they also identified that there is a clear need for an efficient interplay
between the web-based application assessed in this PhD thesis and proper coaching programs
for non-specialized healthcare professionals working in different healthcare tiers. Among the
lessons learnt during the development of the program is the need to combine classical training
approaches together with coaching programs embedded into the web-based application. The
current platform generates customized reports on the evolution of professional’s quality, as
well as global trends at a health sector level indicating changes over time.

The introduction of enhanced coaching programs into the ICT-platform, embedded into novel
CDSS that could include feedback models might improve sustainability of training. Potential
functionalities to be considered in the updated web-based application for high quality FS are:
i) information on the testing at request, ii) individualized description of FS errors based on
the analysis carried out using the algorithm for automatic assessment of quality of the test-
ing; iii) corrective actions to be performed; iv) interactive educational material; and v) self-
assessment tools.

ICT-support

The ICT-platform supporting coordinated care for chronic patients briefly described in the
introduction and presented in detail by Cano et al(65): i) provides organizational interoper-
ability among actors across healthcare levels; ii) includes clinical decision support systems;
and, iii) facilitates patient-centered management taking into account within the healthcare
plan the patient’s co-morbid conditions. Moreover, the open, modular nature of the ICT-
platform (Linkcare®) together with its multicenter functionalities makes it a platform which
offers adequate support for interoperability of the FS across the health system, despite the
proprietary nature of most of the providers’ health information systems. The ICT-platform
can provide support for organizational interoperability by itself or as an additional layer on
top of a Health Information Exchange (HIE) platform, communicating providers from a given
healthcare sector.

The two technological outcomes of this PhD thesis: i) the algorithm for automatic assessment
of FS; and ji) the elaboration of a CDA (Clinical Document Architecture) are pivotal for covering
the two critical aspects necessary for achieving full scalability of the service.

The CDA R2 (CDA, Release 2) standard by HL7 v3 (Health Level Seven, version 3) is a product of
HL7 International, a not-for-profit organization dedicated to the production of interoperability
standards in health care (82). The CDA defines the structure of a clinical document and uses
XML to label the different categories of information. XML is the standard for the structured
information exchange between applications, regardless of the technological platform used, so
that the CDA can be viewed from any computer using a web navigator.

The CDA for FS includes patient data, information about the context of the test, the result-
ing clinical parameters, the flow-volume and volume-time charts as well as the original signal
captured by the spirometer. Likewise, it includes data about the origin of the request obtained
from the providers’ electronic medical files. The clinical information is coded using SNOMED
CT (Systematized Nomenclature of Medicine—Clinical Terms), which allows it to be processed
automatically and incorporated into the patients’ medical files in a structured manner. The
final CDA also includes certification of the quality control performed either through the al-
gorithm for automatic quality control or manually by an expert professional. As described in
the Introductory Section, interoperability between the Linkcare® core module and external
equipment and/or applications is implemented via web services.

Deployment of the service

A complete description of the characteristics of the high quality FS service in primary care is
provided by Figures 3 and 4 through Business Process Model Notation (BPMN) (83). The figures
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display a scheme wherein all elements of the service in primary care (Fig 3) and in pharmacy
offices (Fig 4) are identified and described in the figure legends.

We acknowledge that this PhD thesis has assessed efficacy and basic elements of the high
quality FS service, but it has not validated the entire service process which is being partly
implemented, as mentioned above, within the Synergy-COPD project and will be completed as
part of the deployment of the PDMAR in Catalonia.

The predicted beneficial clinical impact of the high-quality FS service has already been de-
scribed in the Introductory Section of this PhD thesis. Improvement should be expected in
different areas, namely: i) enhancement of diagnosis and follow-up of patients with chronic
respiratory disorders; ij) generation of novel reliable ways to assess bronchial hyper-respon-
siveness; iii) setting up of COPD case-finding programs and early disease prevention strategies;
and, iv) decreasing duplicated testing due to the accessibility of reliable test results across the
health systems.

Adoption of this type of service is strongly linked to policy decisions on early disease prevention
strategies and, also, to the consolidation of novel models of reimbursement and incentives for
chronic care. As extensively analyzed in NEXES(7), demonstration of efficiencies of the services
and changes toward bundled payment models with shared risk among actors involved in the
value chain are key elements for the extensive adoption of novel services into a coordinated
care scenario.

Current deployment in the Basque Country

The high-quality FS service in the Basque Country was deployed in 2011 as part of the disease-
oriented programs for chronic patients aimed at early disease intervention and efficient man-
agement of high-risk patients(84).

The service incorporates the web-based application assessed in manuscript 1 in combination
with traditional training programs. Since 2011, it has been steadily deployed in the whole re-
gion, being currently used in 100 primary care units. By the end of 2012, the first year follow-up
was successfully completed. The analysis of efficiencies comparing the remote support service
against traditional ways to control quality of FS clearly indicated cost containment. The result
triggered further deployment of the service at regional level up to its completion by 2014.

The results of the Basque Country indicate that the approach has a high degree of transfer-
ability. The excellent level of acceptance among users (non-specialized professionals) seems
to be due not only to the quality assurance but also because the service highly reinforces the
quality and potential of FS for diagnosis.

Scalability of high-quality FS services in Catalonia

Scalability in Catalonia has evolved along with the development of this PhD thesis, as part of
the PDMAR. It has been also modulated by the evolution of the Linkcare® platform. Compari-
son of the Catalan program with the deployment in the Basque country shows the following
three major differences:

* Interoperability issues have slowed down the process of deployment. These were mainly
due to logistic aspects rather than to technological limitations. As compared to the Basque
Country, the Catalan health system has a high degree of heterogeneity in terms of provid-
ers’ health information systems.

* As mentioned above, the developments in Linkcare® aimed at a full consolidation of its mul-
ticenter functionalities have also modulated the process of deployment.

* The ambition of the Catalan program that is planning the deployment of two fully articu-
lated services for primary care (Figure 3) and for pharmacy offices (Figure 4), respectively.
Those services must be properly coordinated and validated.

As mentioned above, all the additional developments, beyond the outcomes of this PhD thesis,
are planned to be accomplished within 2013, as part of the Synergy-COPD project(68) and the
PDMAR deployment plan (36).

The high quality FS service in Catalonia should cover three main aspects:

® Provide remote certification of quality for FS testing done in Catalonia. A high proportion
(estimated 88%) of the testing certification should be carried out automatically.

* Provide tools for sustainable coaching combining traditional approaches and novel CDSS de-
signed for training purposes. Moreover, the web-based application should provide remote
support to the interpretation of the tests by specialists.

* Accessibility of all certified FS testing across levels of care within and among healthcare
sectors of the region. In this regard, the shared EHR in Catalonia (HC?) should be the cen-
tral repository for functional testing and additionally, ICS-ICT platforms should facilitate in-
teroperability among providers and between citizens and providers.

We believe that this PhD thesis provides the basis for such developments that will obviously
require the build-up of additional applications and refinement of the existing ones. Moreover,
protocols for validation of the system should be designed and be in place before full scalability
can be implemented.



.H‘ Impact of Information and Communication Technologies on Remote Testing Discussion "

Figure 2 Primary Care Scenario Figure 4 Pharmacy Office Seenario
PRIEMI | BN Py Ll P iirimay e Howond Spwamaiiy £ EFER | AIERN TARMALY P Frimey lan L PPimary Lar ) oo Sowwmetry £ LFER T
@ :

[—
wlagi
mralkiy
™.
W

gty
auny i i
a7

L
[

[ E]
i)

gk prey

o )
Q

. ‘1'-" .. : i .c.;). E|
LE (. lifo Al

- i o~ = i g e
| & (] i%_ 5 | L gl,_lﬂf]ﬁ |i|' _I_.' i ' gl' i
R -—--—-—é-_:=‘ﬁ_..;=-aa—- e | = =

e ey




n Impact of Information and Communication Technologies on Remote Testing

Figure 3 — Forced Spirometry (FS) transfer to Primary Care. The figure depicts the clinical
process of a patient with respiratory symptoms attending a primary care visit. The flow is as
follows: the general practitioner (GP) decides that the patient is a candidate for FS testing and
both baseline and post-bronchodilator studies will be done by a non-specialized nurse. At the
end of the testing, the results will be automatically assessed using the algorithm that will gen-
erate FS certification for quality. The three possible outcomes are: j) the FS testing qualifies as
high quality. It will be used by the GP for his/her decision-making process and the certified FS
will be sent to the patient’s EHR and to the regional repository (shared EHR or HC3, Historia Cli-
nica Compartida de Catalunya); ii) the FS testing does not fulfill quality criteria. Then automatic
feedback with specific information on the problem is forwarded to the nurse while the patient
is still on site. Consequently, the nurse will have the opportunity to solve the problem and
generate a high-quality FS test; and, iii) approximately 12% of the FS testing will be classified as
undefined by the automatic algorithm and forwarded to the specialist for advice. The specialist
will provide remote off-line recommendations directly to both the GP/nurse and the patient
will be attended by the GP who will take the final decision on how to proceed. In two of these
scenarios, the first and the third, the certified FS will be forwarded to the regional EHR (or HC3).

Figure 4. Role of Pharmacy Offices (Community Pharmacy, CPh) in a COPD case finding pro-
gram. The figure depicts the process of a citizen/customer attending a CPh where he/she sees
a banner inviting participation in a respiratory health status assessment program. If the citizen
decides to apply, then the CPh officer will administer the GOLD questionnaire to assess health
status. If risk factors are identified, the citizen will be invited to perform a pre-bronchodilator
Forced Spirometry (FS) testing carried out by the CPh officer.

Regarding the quality of the FS testing, there are three possible outcomes: i) the FS testing is
qualified as high quality and it will be certified as such by the automatic algorithm and for-
warded to the regionally shared EHR (or HC3, Historia Clinica Compartida de Catalunya); ii)
the FS testing does not fulfill quality criteria. Then, automatic feedback with specific info on
the problem is forwarded to the CPh while the patient is still on site. Consequently, the CPh
will have the opportunity to solve the problem and generate a high-quality FS test; and, iii)
approximately 12% of the FS testing will be classified as undefined by the automatic algorithm
and forwarded to the specialist for advice.

The specialist will provide remote off-line recommendations directly to the CPh officer and the
certified FS testing will be forwarded simultaneously to the regionally shared EHR. The citi-
zen’s flow in the case of high-quality FS testing can be as follows: i) Normal FS testing: the CPh
officer will generate a report on paper giving tests results and advice about stopping smoking;
ii) Abnormal FS results: the CPh officer will generate a report on paper advising the subject to
contact his/her general practitioner, who will have access to the certified FS testing through
the HC3; and iii) Undefined results (12% of the testing): the subject will be informed of the
specialist’s advice by the CPh officer.

The way forward: generalization of the ICT-supported service

Besides the consolidation of the scalability program in Catalonia, the results of this PhD thesis
open a new exciting avenue consisting of the generalization of the transfer of other functional
testing and therapeutic tools from hospital-based specialized care to primary care with the
remote support of specialists.

Ongoing pilot studies in the area of sleep apnea and management of pulmonary hypertension
are showing promising results that seem to confirm the potential for generalization of the
approach. There is no doubt that any significant progress in this direction will require a proper
analysis of the efficiencies generated by the new services, proposal for innovative reimburse-
ment modalities, followed by profound reorganizations of the existing hospital units providing
these services. The process will generate completely new modalities of interactions with pri-
mary care and with patient at home, as well as novel roles for professionals.
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Conclusions

. The potential for transferability of Forced Spirometry testing to Primary Care was demon-

strated by the effectiveness of the web-based collaborative tool that showed sustainable en-
hancement of high-quality testing performed by non-specialized professionals (manuscript 1).

. The feasibility of having pharmacy offices play a complementary role to primary care in

early diagnosis of chronic respiratory disorders has been proven. Moreover, the potential
of pharmacy offices in a future COPD case-finding program has been identified and will be
developed beyond this PhD thesis (manuscripts 2 & 3).

. The lung function testing map in Catalonia was drawn up and requirements for the deploy-

ment of high-quality FS within a coordinated care scenario were identified (manuscripts 4 & 5).

. Conventional and novel coaching strategies to be further developed and integrated into the

ICT-supported platform were analyzed (manuscripts 6 & 7).

. Technological contributions to facilitate adoption of a high quality FS service supported by

ICT were developed and validated, namely: Clinical Document Architecture and an algorithm
for automatic assessment of FS quality (manuscripts 8 & 9).
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Summary in Catalan

Impacte de les Tecnologies de la Informacié i la Comunicacié en les Proves de Diagnostic
L’Espirometria For¢ada com a prova de concepte

Introduccio

El desplegament de nous models de salut basats en la coordinacié entre nivells assistencials
constitueixen una prioritat a nivell europeu davant la necessitat de gestionar les disfuncions
generades per I'elevat impacte sanitari i social de les malalties croniques.

La transferencia de la complexitat des de I'atencié sanitaria especialitzada, en general de base
hospitalaria, a professionals d’Atencié Primaria constitueix un dels elements centrals del canvi
en el model de salut.

Aixo implica el redisseny de processos clinics i la preparacio del personal sanitari per al nou entorn.

L'us eficient del potencial que ofereixen les Tecnologies de la Informacid i la Comunicacié (TIC),
com a element facilitador de la col-laboracid entre nivells assistencials i d’una major accessi-
bilitat del pacient, té un rol important en el desplegament i I'articulacié dels Serveis d’Atencié
Integrada (SAIl) que configuren el nou model de salut. En aquest context, la transferencia de
les intervencions diagnostiques especialitzades a I’atencié primaria constitueix un area molt
rellevant en el procés de canvi.

L'hipotesi central de la present tesi doctoral és que la transferéncia de determinades proves
diagnostiques a 'atencié primaria genera eficiencies a nivell del sistema de salut. Els diferents
estudis realitzats en la tesi es centren en I’'espirometria for¢cada (EF), seleccionada, per les seves
caracteristiques, com una prova de concepte. Els objectius generals sén explorar aquells fac-
tors que s’han identificat com a claus en la modulacid del procés de la transferencia de I’EF,
aixi com definir estrategies per a la seva escalabilitat regional. La tesi s’estructura en base a 3
objectius especifics:

Objectiu 1 - Analisi de la transferéncia de la EF a Atencio Primaria i a oficines de farmacia.

En el primer estudi “Telemedicine enhances Quality of Forced Spirometry in Primary Care” es
va demostrar I'eficacia en el temps (12 m) d’un servei centralitzat pel control de qualitat de
I'EF efectuada per professionals no especialitzats de tres regions espanyoles. Es va demostrar
que la col-laboracié remota entre professionals de primaria i especialistes de funcié pulmonar
tenen un efecte positiu sostingut sobre la qualitat de I'EF realitzada per personal no expert. Es
va observar una diferéncia significativa entre el grup d’intervencié (71.5% EF d’alta qualitat) i el
grup control (59.5% EF d’alta qualitat) durant els 12 mesos de I'estudi (p<0.001).
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La investigacié va generar informacié valuosa per planejar de forma adient I'escalabilitat del
programa a nivell regional. Els resultats d’aquest estudi, junt amb altres apartats de la tesi i
d’altres investigacions en curs, facilitaran el redisseny del rol de les proves diagnostiques en la
gestid dels pacients cronics en un entorn d’atencid integrada.

Els estudis 2 (Early detection of COPD in customers of urban community pharmacies: a pilot-
study) i 3 (Spirometry in community-pharmacies: a novel strategy to reduce COPD underdiag-
nosis) de la tesi responen de forma afirmativa a la seglient pregunta:

Poden les oficines de farmacia tenir un rol rellevant en un programa de deteccio de casos de MPOC?

Els resultats sén clarament indicatius del potencial de les oficines de farmacia com a agent
sanitari en estreta col-laboracié amb Atencié Primaria. Cal senyalar que amdos estudis sola-
ment aporten informacio sobre factibilitat. Lanalisi d’eficiencia es planeja com a una activitat
més enlla d’aquesta tesi doctoral, en el marc del projecte EU Synergy-COPD i del Pla Director
de Malalties de I’Aparell Respiratori (PDMAR) del Departament de Salut de la Generalitat de
Catalunya.

Objectiu 2 — Avaluacio de requeriments per a I’escalabilitat regional a nivell de Catalunya

En els estudis 4 (Encuesta de utilizacion de la funcion pulmonar en los hospitales publicos de
Catalufia en 2009) y 5 (Estudio de la funcion pulmonar bdsica en los centros de atencion pri-
maria de Catalufia. Atencion Primaria) s’analitza la situacio i necessitats futures de les proves
de funcié pulmonar a Catalunya a nivell hospitalari i extra-hospitalari en el marc del PDMAR.

Els resultats obtinguts confirmen la necessitat de desplegar I'EF a I’Atencié Primaria i
d’incrementar I’homogeneitat territorial en el que respecta a I'accés a les proves de funcié pul-
monar per a pacients i professionals. Es confirma la necessitat del programa de transferéncia
de I’EF plantejat en la tesi doctoral.

En un segon grup d’estudis en el Objectiu 2 de la tesi, efectuats en el marc del PDMAR,
s‘analitzaren les necessitats i estrategies pel que fa a I'entrenament dels professionals no es-
pecialitzats tant en I'ambit catala, estudi 6 (Disseny d’un programa de formacié basic para
aconseguir espirometries de qualitat), com a nivell europeu, estudi 7 (HERMES Spirometry: the
European Spirometry Driving Licence).

Objectiu 3 — Contribucions tecnologiques a I’escalabilitat
Lestudi 8 (Requerimientos técnicos de los espirometros en la estrategia para garantizar el acceso

a una espirometria de calidad) va aportar un element essencial per assegurar l'interoperabilitat
de les dades de I'EF al assegurar I'estandarditzacié de la transferéncia d’informacid utilitzant
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el protocol HL7 v3 i CDA (Clinical Document Architecture) amb estandard R2. Efectuat amb el
suport de I'Oficina d’Estandards i Interoperabilitat del Departament de Salut de la Generalitat
de Catalunya dins el Pla de Digitalizacié de la Imatge Medica. L'estandard de transferencia de
I’EF ha estat ja adoptat per alguns fabricants d’equips de medicid i és un requeriment per als
concursos publics a nivell regional.

A més, a l'estudi 9 (Clinical Decision Support System to Enhance Quality Control of Forced Spi-
rometry) es va generar i validar un algoritme per el control automatic de la qualitat de I'EF.
Els resultats de la validacié amb 778 corbes espirométriques varen indicar que la sensibilitat
i especificitat de I'algoritme era del 96.1 i 94.9%, respectivament. La validacié de |'algoritme
aporta un segon element tecnologic necessari per a |'escalabilitat del programa de transfer-
encia de I'EF a Atencid Primaria i a les oficines de farmacia. L'algoritme ha estat integrat a la
plataforma TIC de gestidé de malalts cronics. La validacié del procés clinic s’efectuara dins del
projecte EU Synergy-COPD i el pla d’escalabilitat a Catalunya es materialitzara a curt termini
en el marc del PDMAR.

Conclusions

1. Es demostra el potencial de transferibilitat de I'EF a Atencié Primaria amb el suport d’una
aplicacié web de treball col-laboratiu que va facilitar un augment significatiu i sostenible de la
qualitat de les proves efectuades per personal no especialitzat (manuscrit 1).

2. Esverifica la factibilitat del rol de les oficines de farmacia per a la deteccié de casos de MPOC
en un programa coordinat amb Atencid Primaria. Les oficines de Farmacia podrien tenir un
rol complementari a I’Atencié Primaria en el diagnostic de MPOC oculta. El desenvolupa-
ment i validacié del programa es completara una vegada finalitzada la present tesi doctoral
(manuscrits 2i 3).

3. Lelaboracidé del mapa de proves de funcié pulmonar a Catalunya va permetre la identifi-
cacié dels requeriments per a I’escalabilitat regional del programa de transferéncia de I’EF
en el marc d’'un model de atencié integrada (manuscrits 4 i 5).

4. Esva verificar el rol essencial de les estratégies d’entrenament dels professionals no espe-
cialitzats com a component essencial d’'un programa de transferéncia d’EF de qualitat a I’
Atencié Primaria (manuscrits 6 7).

5. Esvan efectuar dos contribucions tecnologiques rellevants per assegurar la interoperabilitat
de I'EF a nivell del sistema de salut: I'elaboracié del CDA (manuscrit 8) i el desenvolupament i
validacio d’un algoritme per I'avaluacié automatica de la qualitat de I'EF (manuscrit 9).
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Summary in Spanish

Impacto de las Tecnologias de la Informacion y la Comunicacién en las Pruebas de Diagndstico
La Espirometria Forzada como prueba de concepto

Introduccion

El despliegue de nuevos modelos de salud basados en la coordinacién entre niveles asisten-
ciales constituye una prioridad a nivel Europeo ante la necesidad de gestionar las disfunciones
generadas por elevado impacto sanitario y social de las enfermedades crénicas.

La transferencia de complejidad desde la atencidn sanitaria especializada, en general de base
hospitalaria, a profesionales de Atencidn Primaria, constituye uno de los elementos centrales
del cambio en el modelo de salud. Ello implica el redisefio de procesos clinicos y la preparacion
del personal sanitario para el nuevo entorno.

El uso eficiente del potencial que ofrecen las Tecnologias de la Informacidn y la Comunicacién
(TIC), como elemento facilitador de la colaboracién entre niveles asistenciales y de una mayor
accesibilidad del paciente, tiene un papel importante en el despliegue y articulacién de los
Servicios de Atencién Integrada (SAI) que configuran el nuevo modelo de salud. En este con-
texto, la transferencia de las intervenciones diagndsticas especializadas a la atencién primaria
constituye un area muy relevante en el proceso de cambio.

La hipdtesis central de la presente tesis doctoral es que la transferencia de determinadas prue-
bas diagnosticas a la atencidn primaria genera eficiencias a nivel del sistema de salud. Los dife-
rentes estudios realizados en la tesis se centran en la espirometria forzada (EF), seleccionada,
por sus caracteristicas, como una prueba de concepto.

Los objetivos generales son explorar aquellos factores que se han identificado como claves
en la modulacién del proceso de la transferencia de la EF, asi como definir estrategias para su
escalabilidad regional. La tesis se estructura en base a 3 objetivos especificos:

Objetivo 1 - Analisis de la transferencia de la EF a Atencion Primaria y a oficinas de farmacia.

En el primer estudio “Telemedicine enhances Quality of Forced Spirometry in Primary Care” se
demostro la eficacia en el tiempo (12 m) de un servicio centralizado para control de calidad de la
EF efectuada por profesionales no especializados de tres regiones espafiolas. Se demostré que
la colaboracidn remota entre profesionales de primaria y especialistas de funcién pulmonar
tiene un efecto positivo sostenido sobre la calidad de la EF realizada por personal no experto.
Se observé una diferencia significativa entre el grupo intervencion (71.5% EF de alta calidad)
y el grupo control (59.5% EF de alta calidad) durante los 12 meses del estudio (p<0.001). La
investigacién generé informacion valiosa para planear de forma adecuada la escalabilidad del
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programa a nivel regional. Los resultados de este estudio, junto con otros apartados de la tesis
y otras investigaciones en curso, facilitaran el redisefio del papel de las pruebas diagnosticas en
la gestion de los pacientes créonicos en un entorno de atencién integrada.

Los estudios 2 (Early detection of COPD in customers of urban community pharmacies: a pilot-
study) y 3 (Spirometry in community-pharmacies: a novel strategy to reduce COPD underdiag-
nosis) de la tesis responden de forma afirmativa a la siguiente pregunta:

Pueden las oficinas de farmacia tener un papel relevante en un programa de deteccion de casos
de EPOC?

Los resultados son claramente indicativos del potencial de las oficinas de farmacia como
agente sanitario en estrecha colaboracidn con Atencién Primaria. Cabe sefalar que ambos
estudios solo aportan informacidn sobre factibilidad. El analisis de eficiencia se planea como
una actividad mas alld de esta tesis doctoral, en el marco del proyecto EU Synergy-COPD y del
Plan Director de Enfermedades de Aparato Respiratorio (PDMAR) del Departamento de Salud
de la Generalitat de Catalunya.

Objetivo 2 — Evaluacidn de requerimientos para la escalabilidad regional a nivel de Catalunya

En los estudios 4 (Encuesta de utilizacion de la funcion pulmonar en los hospitales publicos
de Catalufia en 2009) y 5 (Estudio de la funcion pulmonar bdsica en los centros de atencion
primaria de Catalufia. Atencion Primaria) se analizé la situacién y necesidades futuras de las
pruebas de funciéon pulmonar en Catalunya a nivel hospitalario y extra-hospitalario en el
marco del PDMAR. Los resultados obtenidos confirman la necesidad de desplegar la EF en
Atencién Primaria y de incrementar la homogeneidad territorial en lo que respecta al acceso a
las pruebas de funcidn pulmonar para pacientes y profesionales. Se confirma la necesidad del
programa de transferencia de la EF planteado en la tesis doctoral.

En un segundo grupo de estudios en el Objetivo 2 de la tesis, efectuados en el marco del
PDMAR, se analizaron las necesidades y estrategias en lo que respecta al entrenamiento de
profesionales no especializados tanto en el dmbito catalan, estudio 6 (Disefio de un programa
de formacidn bdsico para consegquir espirometrias de calidad), como a nivel Europeo, estudio 7
(HERMES Spirometry: the European Spirometry Driving Licence).

Objetivo 3 — Contribuciones tecnoldgicas a la escalabilidad

El estudio 8 (Requerimientos técnicos de los espirémetros en la estrategia para garantizar el ac-
ceso a una espirometria de calidad) aportd un elemento esencial para asegurar la interopera-
bilidad de los datos de EF al asegurar la estandarizacion de la transferencia de informacién uti-
lizando el protocolo HL7 v3 y CDA (Clinical Document Architecture) con estandar R2. Efectuado

Summary in Spanish ﬂ

con el soporte de la Oficina de Estandares e Interoperabilidad del Departament de Salut de la
Generalitat de Catalunya dentro del Plan de Digitalizacidn de la Imagen Médica. El estandar de
transferencia de la EF ha sido ya adoptado por algunos fabricantes de equipos de medicion y
es un requerimiento para los concursos publicos a nivel regional.

Ademas, en el estudio 9 (Clinical Decision Support System to Enhance Quality Control of Forced
Spirometry) se generd y validé un algoritmo para el control automatico de la calidad de la EF.
Los resultados de la validacidon con 778 curvas espirométricas indicaron que la sensibilidad y
especificidad del algoritmo era del 96.1 y 94.9%, respectivamente. La validacién del algoritmo
aportd un segundo elemento tecnoldgico necesario para la escalabilidad del programa de
transferencia de la EF a Atencién Primaria y a oficinas de farmacia. El algoritmo ha sido inte-
grado a la plataforma TIC de gestién de pacientes crénicos. La validacion del proceso clinico
se efectuara dentro del proyecto EU Synergy-COPD vy el plan de escalabilidad en Catalunya se
materializard a corto plazo en el marco del PDMAR.

Conclusiones

1. Se demostré el potencial de transferibilidad de la EF a Atencién Primaria con el soporte de
una aplicacién web de trabajo colaborativo que facilitd un aumento significativo y sostenible
de la calidad de las pruebas efectuadas por personal no especializado (manuscrito 1).

2. Se verifico la factibilidad del rol de las oficinas de farmacia para la deteccién de casos de
EPOC en un programa coordinado con Atencion Primaria. Las oficinas de Farmacia podrian
tener un rol complementario a la Atencién Primaria en el diagnostico de EPOC oculta. El
desarrollo y validacidn del programa se completara una vez finalizada la presente tesis doc-
toral (manuscritos 2 y 3).

3. La elaboracién del mapa de pruebas de funcién pulmonar en Catalunya permitié la identi-
ficacion de los requerimientos para la escalabilidad regional del programa de transferencia
de la EF en el marco de un modelo de atencién integrada (manuscritos 4 y 5).

4. Se verificé el papel esencial de las estrategias de entrenamiento de profesionales no espe-
cializados como componente esencial de un programa de transferencia de EF de calidad a
Atencién Primaria (manuscritos 6y 7).

5. Se efectuaron dos contribuciones tecnolégicas relevantes para asegurar la interoperabi-
lidad de la EF a nivel del sistema de salud: la elaboracién del CDA (manuscrito 8) y el de-
sarrollo y validacién de un algoritmo para la evaluaciéon automatica de la calidad de la EF
(manuscrito 9).
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Editorial

Quality of Forced Spirometry in Primary Care, Impact on the COPD Treatment

La espirometria forzada de calidad en Atencién Primaria, impacto en el tratamiento de la EPOC

Felip Burgos

Servicio de Neumologia, ICT, Hospital Clinic, Barcelona, Spain

Spirometry is an essential test in the diagnosis, monitoring and
management of respiratory diseases. Likewise, the reduction of
forced vital capacity (FVC) has been related with greater mortality in
cancer, cardiac pathologies' and lower survival rates in adults with
respiratory symptoms or disease.>* This goes to show that John
Hutchinson in 1846 was right on the mark when he defined this
parameter as “vital” capacity.

Respiratory diseases that run their course with airway obstruction,
especially chronic obstructive pulmonary disease (COPD) and asthma,
are extremely prevalent. Despite their morbidity and mortality and
the important consumption of resources involved in their
management, both diseases are underdiagnosed, up to more than
70% in COPD as shown in a recent study in Spain.*

The diagnosis of COPD is based on the detection of airway
obstruction and one of the most useful tools for its determination is
the implementation of spirometry in Primary Care (PC). Several
studies show the usefulness of spirometry to detect subjects at high
risk for developing COPD,>¢ but few analyze the impact of spirometry
inthe treatmentof COPD.” Inthisissue of Archivos de Bronconeumologia,
M. Monteagudo et al® analyze the impact of spirometry testing in the
standard clinical practice of COPD in Primary Care and how it
influences COPD treatment. Twenty-one centers intervened in this
cross-sectional observational study with the participation of 801
patients, for whom only 53% of spirometries were available, FEV,
being the only parameter. Thus, it was impossible to correctly stratify
the patients into degrees of severity, a limitation that was admitted
by the authors of the study.

Once again, the underuse of spirometry in the diagnosis and
follow-up of COPD is revealed. Only in half of the patients was COPD
diagnosis confirmed by forced spirometry and there was evidence of
great variability in its use between the 21 centers that participated
in the study. This diversity was also studied in the audit that Pellicer
et al® carried out in 10 hospitals in the province of Valencia that
diagnosed COPD. Fifty-four percent of the patients with COPD
diagnosis did not undergo spirometry before hospital discharge. This
study also states that COPD diagnosis in the hospital setting does not
meet the minimal standard of acceptable quality of care, stating that

E-mail address: fburgos@clinic.ub.es

there are great differences in the diagnostic management of this
disease between the different specialists and levels of health-care.

M Monteagudo et al® associated the use of spirometry with better
patient control, although they did not associate it with an integral
approach to the disease, as recommended by the clinical guidelines.
Patients with spirometry presented more registered exacerbations
but, however, a lower number of hospitalizations. This could explain
why the authors defend better follow-up and registry of this group
of patients. The majority of the patients had follow-up visits with
their general practitioner in Primary Care, whereas 35% were
controlled by the nursing staff. It was confirmed that being controlled
by a pulmonologist and/or nurse was positively associated with
follow-up spirometries.

Another aspect to highlight is that 38% of patients who were
smokers had not received any type of anti-smoking advice and had
less follow-up spirometries. Even lower is the percentage of patients
who received “healthy lifestyle” advice on diet, exercise, etc. When
the authors evaluated the treatment, they found a greater use of
short-acting B-2-adrenérgics in patients without spirometry (60 vs
52%) and (70 vs 63%) in the use of glucocorticoids. The authors could
not analyze the quality of the spirometry, and it must be noted that
in many cases only FEV, is registered. Moreover, each spirometer had
its own reference values and no data was provided as to whether the
spirometers were subjected to any type of quality control. This all
goes to show that, as the authors highlight, quality health care
standards are far from being reached in COPD."®

In spite of national" and international'? clinical guidelines
recommending the use of forced spirometry as a diagnostic tool in
COPD, it is not only underused in all healthcare settings, but many
times it is not adequately utilized. This was demonstrated in the
study by M. Monteagudo et al® where the minimal values of
spirometry (FVC, FEV, and FEV,/FVC ratio) could not be compiled,
nor were data for bronchodilators, and in many instances it was not
known which reference values were used while only percentage FEV,
values were collected.

The healthcare challenge is early diagnosis of respiratory diseases,
especially in those with greater prevalence like COPD and asthma.
The dissemination of quality spirometry is an objective within our
reach in the near future, but quality controls must be implemented
in order for spirometry to be a reliable exploration, where both
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numerical and graphic data can be accessed. We must strive for a
more extensive use of spirometry in all healthcare settings, without
sacrificing quality.

The growing impact of information and communication
technologies (ICT) in medicine is a reality, and there is no doubt that
spirometry will not lie outside these technological changes.” It is
necessary for spirometry to occupy its deserved place in clinical
histories, due to both its historical and clinical use. Only by integrating
lung function in computerized registers can we guarantee adequate
quality control, and the expansion of spirometry as a basic tool for
the evaluation of health.
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