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Introduction

Health care is one of the most important com-
ponents of any social welfare system. Telemedi-
cine is a very useful and critical application of In-
formation and Communication Technologies
(ICTs), and may deliver high-quality health care
services regionally, nationally, or globally.
Telemedicine enables remote, isolated and rural ar-
eas to have clinical support from those hospitals
and medical systems with a higher level of medical
expertise. It partially relieves the pressure on the
medical experts due to their limited number and
extends their expertise to needy people in isolated
remote locations. With advancements in electron-
ics, communications, software and hardware, it
has become possible to transmit many vital para-
meters to high tech health care centres [1].

Telemedicine is a combination of medical ex-
pertise, medical equipment, computer hardware
and software and communication technology, by
which a patient can be examined, investigated,
monitored and treated by a medical expert in dis-
tant place. The word “Tele” is a Greek word mean-
ing “distance” and the word “Medicine” derives
from the verb “Mederi”, a Latin word meaning “to
heal”. Time Magazine described Telemedicine as
“healing by wire” [2]. Hence, telemedicine is
“Medicine practiced at a distance” [3]. It was de-
fined in 1998 by WHO (World Health Organiza-
tion) as “the delivery of healthcare services, where
distance is a critical factor, by all healthcare pro-

fessionals using information and communication
technologies for the exchange of valid information
for diagnosis, treatment and prevention of disease
and injuries, research and evaluation, and for the
continuing education of healthcare providers, all in
the interest of advancing the health of individuals
and their communities”. It can also be defined as
“organisation and integration of information tech-
nology in such a way that resources outside the lo-
cal organisation can be used systematically in the
activities of health services” [4].

This review, starting from the need and oppor-
tunity that we are now facing to capitalise the great
technological improvements in the field of ICT to
improve our health services, will illustrate the his-
tory, classification and main field of application of
Telemedicine. Lastly, the available data on the ap-
plication of Telemedicine for patients with respira-
tory diseases will be reviewed.

History

Telemedicine began when long-distance health
care services became available and related to
telecommunication. The first telephone technolo-
gy was invented in 1876 by Alexander Graham
Bell. After the 1880s, some physicians experi-
mented with telecommunication technologies
(such as the telephone, telegraph and wireless) in
managing medical practices. Some medical ex-
perts used the telephone to accept appointments, or
make an online diagnosis in advance, to prevent
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Telemedicine can be defined as the delivery of healthcare
services, where distance is a critical factor, by all healthcare
professionals using information and communication tech-
nologies for the exchange of valid information for diagnosis,
treatment and prevention of disease and injuries, research
and evaluation, and for the continuing education of health-
care providers, all in the interest of advancing the health of in-
dividuals and their communities. Such a wide definition in-

cludes many health care activities and a large number of ap-
plications have been tried, with variable degrees of interaction
between all the players in the health care system. This review,
starting from the need and opportunity that we are now fac-
ing to capitalize the great technological improvements in the
field of information and communication technologies to im-
prove also our health services, will illustrate the history, clas-
sification and main field of application of Telemedicine. Last-
ly, the available data on the application of Telemedicine for
patients with respiratory diseases will be reviewed.
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long-term waiting and unnecessary travel. Yet tele-
phone technology could not be developed until
World War I, to enhance traditional health care and
bring care into the new age. The possibility of
long-distance transmission of medical information
was established in the 1900s. Willem Einthoven
developed the long-distance broadcast of graphic
data in 1905 and later widely utilized it in trans-
mitting electrocardiographs in the Presbyterian
Hospital of New York in 1910. Moreover, long-
distance diagnosis had been used in communica-
tion between rural physician and urban hospitals
after World War I.

A well-known telemedicine project was estab-
lished in the 1960s when the University of Ne-
braska transmitted neurological examinations
across its campus for medical purposes. Moreover,
the University demonstrated a telemedicine link
112 miles away with the state hospital (Norfolk
State Hospital, Nebraska State), which provided
speech therapy, neurological examinations, diag-
nosis for difficult psychiatric cases, case consulta-
tions, research seminars and education and train-
ing [5].

The National Aeronautics and Space Adminis-
tration (NASA) pioneered the satellite communi-
cation required to demonstrate telemedicine ser-
vices in the 1960s. NASA tested satellite-based
communication to remote areas where it was diffi-
cult to receive radio waves, including spacecraft,

aircraft, mountains, and valleys. From the early
1970s to the late 1980s, digital communication
techniques became common and telemedicine im-
proved in quality, accuracy, convenience and cost.
During 1995 and 1997, the U.S.A. Department of
Defence established telemedicine links via satellite
that connected the battlefield with several different
medical centres in the European continent, Ameri-
ca, and nearby aircraft carriers. The system re-
duced referral times and saved lives. The capabili-
ties of this project included computerised medical
records, full-motion remote video consultation be-
tween medical units and tertiary care facilities, for-
ward delivery of laboratory and radiology results
and prescriptions, digital diagnostic devices (such
as ultrasound and film less teleradiology), and
medical command and control technologies.

Classification

Telemedicine can be classified on the basis of
the mode of operation or on the basis of applica-
tion. According to the mode of operation it can be
divided into two groups: real time (interactive)
mode and store-and-forward mode. In real-time in-
teractive mode, the patient is present with an at-
tending physician or paramedical personnel, and a
specialist is present at a remote medical centre. In
the store-and-forward mode, all relevant informa-
tion (data, graphics, images, etc.) is transmitted

Fig. 1. - Telemedicine: the players.
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electronically to the specialist. For this mode, the
response is not immediate, and in most cases, a
few hours or even days elapse before the special-
ist’s report is received. Telemedicine application
includes activities such as teleconsultation, teledi-
agnosis applied to different areas of intervention
such as telepathology, telepneumology, teleradiol-
ogy, teledermatology, telendoscopy, telepsychia-
try, teleotolaryngology, teleophthalmology, and
telecardiology [7]. The diversity of the telematic
intervention used, ranged from simple telephone
follow-up to sophisticated and comprehensive
management teams composed of multiple mem-
bers. “Telecare” is a form of telemedicine, and
refers to medical/nursing management interven-
tions made over the telephone. “Transtelephonic
monitoring” refers to the transmission of physio-
logic variables over existing telephone lines to a
network server to be displayed on a conventional
personal computer. The transmission of physiolog-
ic variables (heart rate, blood pressure, weight,
etc…) and biological signals (EKG trace, oxime-
try, spirometry etc…) provide objective data,
which may indicate the need for medical/nursing
intervention that are subsequently made over the
telephone. The availability of objective physiolog-
ic data, trans-telephonically transmitted in real
time, which can be coupled with the patient’s sub-
jective input, make the telemedicine method
unique. The technology also adds to the cost-ef-
fectiveness and efficiency of the method.

Application

Various telemedicine approaches were reported
in the literature. As telecommunication technology
has advanced and costs have declined over the past
decade, there has been a steady growth in telemed-
icine. Much of this growth, however, has been in
the form of feasibility studies and pilot trials. The

method used is completely different in every study.
It is possible to distinguish two large categories of
study methodologies: one in which telemedicine is
an aid for helping the nurse in the management of
patients with chronic diseases (Telenursing), and
the other, completely automated, in which a com-
puterised voice answering system and a computer
algorythm checked the patient’s vital signs with an
acceptable range previously set by the physician
(Telemanagement). The different approaches re-
ported, presents different costs and different possi-
bility of devices to be implemented and or different
type of disease management to be applied. Indeed
the different results obtained with apparently simi-
lar method are probably to ascribe also to the dif-
ferent quality of the technology applied.

However, the main problem in telemedicine is
not a lack of technology; rather it is the lack of an
organisational model able to capitalise the technol-
ogy to improve healthcare. This is particularly im-
portant for the management of patients with chron-
ic, disabling and relapsing disorders (congestive
heat failure, chronic obstructive pulmonary dis-
ease, etc.) in which the possibility to send auto-
matically different information to a call center
and/or to receive a teleconsultation from a nurse or
the own General Practitioner (GP) or a specialists
could form together a new type of management
with the lowest possible costs. A recent review
about cost-effectiveness studies of telemedicine
intervention [8], concludes that there is no good
evidence that telemedicine is a cost-effective mean
of delivering health care, even if all the actors ap-
pear quite completely satisfied by this new ap-
proach [9]. To reach more conclusive results, the
need for better designed and conducted trials on
chronic, disabling and demanding conditions, such
as congestive heart failure, is emphasised.

We can distinguish different type of possible
application of Telemedicine [10]:

Fig. 2. - Examples of teleconsultations. A: telematic transmission of EKG, B: Toxicologic consultation with the aid of patient’s images.
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1. Home telenursing

Over the past decade there has been consider-
able interest in the possibility of using telemedi-
cine as an aid in home nursing. Nurse-telephone
triage lines have been running for over 10 years.
Nurses answering the phones are specially trained
and use algorithms on computers to steer the con-
versation to a particular conclusion [11]. Little is
known about the effectiveness of nurses triaging
by phone, probably because the schemes are not
easy to assess. The data in the literature showed a
benefit in terms of reduced hospital admissions
and cost savings [12-16], but transposing the ben-
efits to a wider population outside of a trial is not
easy. Diagnosis and even prescribing by nurses re-
mains an area of tension, especially as one barrier
to the introduction of nurse phone-lines is doctors
themselves, some of whom are suspicious and see
their responsibilities being eroded. However, we
believe that in a particular area, as in chronic dis-
ease, the nurses can manage patients in close col-
laboration with their GP and the specialists, as a
part of an interdisciplinary disease.

Various feasibility studies into a range of dif-
ferent kinds of technology have been conducted
with the aim to demonstrate that chronically ill pa-
tients can be provided with both cheaper and high-
er quality care than that provided by traditional
home visit. Although these studies indicate that
patient satisfaction is usually good [9], no clear-
cut evidence of cost-effectiveness has been ob-
tained.

2. Electronic referrals to specialists and hospitals

The electronic referrals can be dealt with by
the hospital staff, while the patient does not need
to attend the outpatient clinic, either through elec-
tronic messages or by arranging a teleconsultation
by video link. Another possible application for this
model is the interaction between primary care or
peripheral hospitals with greater and more spe-
cialised hospitals. In this case second opinions to
doctors are provided by a panel of consultants that
are not on site and may communicate with a tele-
consultation. This approach is likely to be cost-ef-
fective [17-18].

3. Teleconsulting between general practitioners
and specialists

Effective teleconsultation which takes place
after the transmission of biological signals, be-
tween two professional figures, an experienced
specialists and the GP; this aspect confirms the im-
pression of the reciprocal reliance and compliance
of GPs and specialists in managing problems and
possibly in following diagnostic and therapeutic
common protocols. Improving this professional re-
lationship, Telemedicine can help to improve the
appropriateness of hospital admissions and refer-
rals to the Emergency Department, of the request
of diagnostic tests and of chronic disease home
management [19-25].

4. Call centres and online health

The growth in the number of telephone call
centres that provide health information and advice
shows that there is a request from the public for
these services. Many of these call centres, such as
National Health System (NHS) Direct [26], in
England where the operators attempt to triage
callers into those requiring emergency treatment,
those who can be referred to primary care, and
those who can be advised to treat themselves. Al-
though there is reasonable evidence that these ser-
vices are safe, little evidence exists that they re-
duce demand and costs for the NHS.

Telepneumology

As another field of medicine, pneumology can
also be a really good field of application of
Telemedicine. In the western world, epidemiologi-
cal data shows that many respiratory disorders
pose a huge load on each nation’s health care sys-
tem, for their increasing incidence and weight
from social, psychological and economical points
of view.

Due to their increasing incidence, Chronic ob-
structive pulmonary disease (COPD) and asthma,
including the severe stages of both diseases when
chronic respiratory failure develops, are clearly the
two most important areas of interest for any health
system willing to achieve a better cost-effect ratio.
International guidelines call for a comprehensive
management of chronic disabling disorders [27,
28]. In COPD, as an example, GOLD Guidelines
emphasise an educational approach to the patients’
need, able to reduce the costs (e.g. by reducing the
rate of exacerbations) and at the same time to im-
prove the quality of the services provided to the
patients and their quality of life [27]. In addition,
the COPD standards prescribe that once the COPD
patient is discharged from the Hospital he/she
should be followed, although there are no studies
demonstrating which specific schedule of follow-
up is more likely to achieve a better control of the
disease management. An integrated care involving
a team of primary and secondary care profession-
als is recommended, including an encouragement
for the development of a system of patient self-
management and promotion of a healthy life-style.

Despite all of the above, a surprisingly low num-
ber of papers have been published on Telepneumol-
ogy, at least partly due to the lack of evidence that
this is a cost-effective approach. On the other hand,
if no such studies are performed no clear-cut demon-
stration of the advantages (if any) of Telemedicine as
an aid in the management of patients with respirato-
ry diseases will ever be reached.

ASTHMA

In asthma, Pinnock’s study [29] determined
whether routine reviews by telephone of patients
improve access and are good alternative to face to
face reviews in general practice. Neither telephone
reviews nor face to face reviews resulted in im-
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provement in asthma related quality of life or mor-
bidity, and it may be tempting to conclude that rou-
tine reviews of asthma patients are ineffective. In
spite of the results, the study could serve to de-
scribe a possible telephone intervention; telephone
reviews were of shorter duration than the face to
face consultations, though the content was similar,
apart from practical procedures such as peak-flow
measurements. The distribution of the timing of
consultations suggest that the face to face consul-
tations may have been paced to use the available
15, 20, or 30 minute appointments, whereas a tele-
phone review could take as short or as long a time
as needed. Time may be saved during a telephone
review, as patients do not have to enter or leave the
room, and computer templates and medical
records can be completed during the course of the
consultation. The nurses who undertook the re-
views observed that the telephone consultations
felt more “focused”, which may reflect the recog-
nised tendency for telephone interactions to be
more goal oriented, with fewer digressions and
achieving shared tasks faster. Patients’ satisfaction
was equally high with both modes of consultation.
The nursing care satisfaction questionnaire includ-
ed a domain that reflects “perceived time”, and it
is reassuring that despite the shorter duration of
telephone consultations there was no evidence of
dissatisfaction with the time spent.

Another study [30] was focused on children
with asthma. A web-based store-and-forward tele-
consultation asthma management system was im-
plemented to provide asthma care to children of
military families living in the Western Pacific
Area. Children followed by teleconsultation had
better outcomes such as improved inhaler tech-
nique, fewer ED visits and unscheduled visits for
asthma. In a subsequent study, the same authors
showed the effectiveness of an internet-based
store-and-forward video home system to deliver
asthma educational programmes, as compared to
asthma education received by the patients through
traditional clinic visits [31].

In the context of telemonitoring patients with
asthma and respiratory diseases, Abboud de-
scribed the possibility of monitoring patients’ lung
function at a remote centre, by using a portable
spirometer that can transmit the data [32]. Also in
this case the problem is not on the available ICT,
but on their relevance and on the organisation of
the Telemedicine service. The same authors in a
subsequent paper described their experience with
telespirometry control of 39 moderate to severe
asthma patients and concluded that home monitor-
ing may improve the quality of asthma manage-
ment [33]. In the U.S.A., Finkelstein and co-work-
ers studied the acceptance by the asthma patients
from a low-income inner-city community of an in-
ternet based telemonitoring system. The patients
were given portable spirometers and palmtop com-
puters. They were able to exchange messages with
a physician who reviewed their data. A pilot study
was shown to provide reliable information [34]
and a subsequent study showed that patients’ com-
pliance was higher in comparison with patients un-

der standard care [35]. Outside urban areas, Ro-
mano and co-workers demonstrated that, even in a
rural school-based health clinic, the implementa-
tion of a telemedicine system improved asthma
symptoms and quality of life [36]. Rural Arkansas
was the scenario for another interesting study in
asthma patients. Bynum and Colleagues described
their system of telepharmacy counselling, provid-
ing accessible education regarding metered-dose
inhalers (MDI) technique for adolescents. Results
indicated that the telepharmacy followed patients
had an improvement in their MDI technique [37].
Outside the U.S.A., similar experiences with
asthma patients followed by telemedicine were
described in UK [38], in Romania [39] and in
Japan [40].

COPD

Although a telecommunications system has
not yet been employed in the management of pa-
tients with COPD, a few published trials [41-44]
have addressed the potential impact of interven-
tions that improve the monitoring of patients with
COPD and their adherence to their treatment regi-
men. Despite certain methodological limitations,
including small sample size, these studies have
shown that COPD monitoring interventions have
appeared to reduce either health-care utilisation or
mortality rates in COPD patients. A reduction in
50% costs for emergency services and total ex-
penses for general practice was reached in a ran-
domised controlled trial evaluated an inpatient ed-
ucation programme for patient admitted to the hos-
pital for COPD [41]. Similar results were reported
by Littlejohn [42] in a randomised controlled trial
concerning the effectiveness of an outpatient res-
piratory-care worker who provided patient educa-
tion, symptom monitoring and treatment monitor-
ing and who served as a liaison between primary
care providers and hospital services. In the inter-
vention group there was a reduction in mortality
rate, in the sickness impact profile scores and in
the indexes of impairment. Cockcroft [43] con-
ducted a randomised controlled trial in patients
with advanced COPD, evaluating the effectiveness
of monthly home visit by a nurse who provided pa-
tients with education in adherence with therapeutic
regimens and the early self detection of clinical de-
terioration. A project with the application of a tele-
phone-linked computer system for COPD care is
described by Young [44], but the results are not yet
published.

Cost and effectiveness data from the Milwau-
kee and Iron Mountain Veterans Affairs Medical
Centers (VAMC) telepulmonary programme [45]
were collected for a period of 1 year. The cost-ef-
fectiveness analysis was conducted from a societal
perspective. Average and incremental cost-effec-
tiveness ratios were calculated together with sensi-
tivity analysis. Telemedicine was found to be more
cost effective ($335 per patient/year) compared to
routine care ($585 per patient/year) and on-site
care ($1166 per patient/year). Sensitivity analysis
revealed that cost effectiveness of telemedicine
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was sensitive to changes in the values for the num-
ber of patients, probability of successful telemedi-
cine consultation, telemedicine equipment cost,
utility of telemedicine, and percentage effort as-
signed to the on-site pulmonary physician.
Telemedicine is a cost-effective alternative for the
delivery of outpatient pulmonary care for rural
populations with limited access to subspecialty
services. Cost effectiveness of telemedicine is re-
lated to three major factors: cost sharing, i.e., ade-
quate patient volume and sharing of telemedicine
infrastructure amongst various clinical users; ef-
fectiveness of telemedicine in terms of patient util-
ity and successful clinical consultations; and indi-
rect cost savings accrued by decreasing cost of pa-
tients’ lost productivity.

Kaiser Permanente Organisation [46] recently
reported the first formal randomised controlled tri-
al of home videophones. In this trial patients new-
ly diagnosed with a chronic condition were nursed
at home. Patients in the intervention group were
equipped with home videophones, an electronic
stethoscope and a digital blood pressure monitor;
over 18 months, patients in the telemedicine group
received 17% fewer home visits by nurses than
control group and the average cost of care in this
group was 27% less than in the control group. The
patients receiving telemedicine were pleased with
the equipment and were nursed as effectively as
the control group.

Other data published on Telemedicine in pa-
tients with COPD describe a randomised con-
trolled trial of home telecare in COPD exacerba-
tions [47], suggesting an improvement of their
management through the use of telemedicine, and
the implementation of an internet-based telematic
service for patients with severe and chronic dis-
eases, including COPD [48].

TELEMEDICINE APPLICATIONS TO OTHER
RESPIRATORY DISEASES

The application of telemedicine to Obstructive
Sleep Apnea (OSAS) patients has been studied.
Starting from the concept that OSAS is a typical
“life-style” disease, Oki and Colleagues evaluated
telemedicine as an aid in OSAS patients to deliver
home-based education on nutrition and exercise
[49]. Evaluating the possibility that remote moni-
toring could be an alternative to sleep laboratory
studies Escourrou and co-workers performed a
validation study, and concluded that there is a need
for such an approach to decrease costs and to
match the increasing request of polysomnography
[50]. The comparison between a home unattended
and a telemonitored polysomnography was per-
formed by Gagnadoux and Colleagues. They stud-
ied in a crossover trial 99 patients who underwent
polysomnography with both modalities and con-
cluded that telemonitored polysomnography is
clearly superior to home unattended polysomnog-
raphy from a technical point of view and tends to
be preferred by patients. Noticeably, the site of
recording (home vs hospital) has no influence on
polysomnographic indexes [51]. Another impor-

tant possible application of telemedicine for pa-
tients with OSAS is the continuous positive airway
pressure (CPAP) monitoring. Lankford examined
the accuracy and reproducibility of transmitting
CPAP compliance and usage data using a novel
wireless and internet technology. The study in-
cluded 30 patients who were asked to transmit the
data and to download the data from the flow gen-
erator for comparative purposes. The data con-
firmed a total agreement between transmitted and
downloaded data, demonstrating the reliability of
the wireless system and suggesting potential bene-
fits of this technology in this field [52].

Other interesting applications of telemedicine
include the possibility of increasing the potential
of a respiratory clinic to serve more patients by im-
plementing a telephone and e-mail consultation
[53], home telemonitoring for patients with chron-
ic respiratory failure [54], the possibility of im-
proving efficiency of ICU using telemedicine [55]
and the transmission though internet of histopatho-
logic images as a second opinion from pathologists
who are experts in the field of respiratory diseases
[56].

Finally, is should be noted that in a Position
Statement the American Association of Cardiovas-
cular and Pulmonary Rehabilitation aimed at de-
scribing the standards, ethics, credentials, liability
and reimbursement considerations on Telemedi-
cine, it is declared that Telemedicine can be used
as 1) an adjunctive therapeutic modality; 2) a
method to extend the time frame of therapeutic
contact; 3) an alternative when in-person contact is
not possible [57].

Conclusions

This preliminary data confirms the efficacy
and soundness of a telemedicine project [58]. For
this reason these projects are entered in the gener-
al view of the multidisciplinary programs for the
management of chronic disease. While the inter-
vention trial have utilised different designs, the
nurse practitioner is common to all the trials and
appears to have a key role in the management of
chronic disease. The different approaches (multi-
disciplinary home-based, integrated, telematic)
present different costs and possibilities to be im-
plemented. For example, structured home visits
can be applied to patients living around the hospi-
tal. On the contrary a telematic approach allows
the patient to contact the service at anytime and
anywhere. Furthermore the number of patients in-
volved is potentially enormous. Besides the advan-
tages of an early diagnosis and a tailored therapeu-
tic intervention in the home management of chron-
ic illnesses, further potentials of telecare are the
availability of specialist teleconsultation out of
hospital, an improvement in appropriateness of
hospital admissions and referrals to the Emergency
Department. An integrated management involving
the patient, his family, the primary and secondary
care with a telematic approach or home visits fol-
lowing the different patient’s clinic situation will
be desirable. Further studies are obviously re-
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quired to develop these management strategies fur-
ther. It should be noted that all the management
programmes have only been applied to patients
who have been admitted to hospital. Consequently,
there is no evidence of the benefits in reducing the
first admission for patients with newly diagnosed
pulmonary disease. In addition the programmes
have generally only followed patients for a rela-
tively short period and the long term effect remain
uncertain. In particular, if the cost/effective analy-
sis also proves to be advantageous, we could fore-
see, the spread of an internet network, linking pa-
tients, General Practitioners and hospitals and am-
bulatory specialists for the management of chronic
disease with probably the result to improve the
quality of life of the patients and to reduce the pub-
lic health burden of this disease.
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