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ABSTRACT

The results reported by different studies on telemonitoring in patients with chronic obstructive
pulmonary disease (COPD) have been contradictory, without showing clear benefits to date. The
objective of this study was to ascertain whether an early discharge and home hospitalization tele-
health program for patients with COPD exacerbation is as effective as and more efficient than a
traditional early discharge and home hospitalization program. A prospective experimental non-
inferiority study, randomized into two groups (telemedicine/control) was conducted. The telemedi-
cine group underwent monitoring and was required to transmit data on vital constants and ECGs
twice per day, with a subsequent telephone call and 2 home visits by healthcare staff (intermedi-
ate and at discharge). The control group received daily visits. The main variable was time until first
exacerbation. The secondary variables were: number of exacerbations; use of healthcare resources;
satisfaction; quality of life; anxiety-depression; and therapeutic adherence, measured at one and
6 months of hospital discharge. A total of 116 patients were randomized (58 to each group) with-
out significant differences in baseline characteristics or time until first exacerbation, i.e. median
48 days (pp. 25-75:23-120) in the control group, and 47 days (pp. 25-75:19-102) in the interven-
tion group; p=0.52). A significant decrease in the number of visits was observed in the interven-
tion versus the control group, 3.8+1 vs 5.1+2(p=0.001), without significant differences in the
number of exacerbations. In conclusion follow-up via a telemedicine program in early discharge
after hospitalization is as effective as conventional home follow up, being the cost of either strat-
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egy not significantly different.

Introduction

Chronic obstructive pulmonary disease (COPD) is one of
the leading causes of chronic-disease-related morbidity and
disability worldwide [1,2], and its prevalence is increasing
[3]. Despite underdiagnosis [4] of the disease in Spain, a
number of epidemiologic studies have reported that it affects
around 8-10% of the adult population.

The natural history of COPD is markedly influenced by
exacerbations, defined as, episodes of worsening of respira-
tory symptoms accompanied by a change in treatment [5,6],
causing swifter clinical and functional deterioration, and
associated with an increase in mortality [7-9].

The economic and social repercussions of COPD are con-
siderable. In Spain, according to the cost analysis contained in
the document issued by the Ministry of Health, Social Services
& Equality, and entitled, “COPD strategy in the National
Health System” (Estrategia en COPD del Sistema Nacional de
Salud), the mean direct cost per patient is € 1,712 — 3,238 per

year, made up of hospital costs (40-45%), drugs (35-40%), and
medical visits and diagnostic tests (15-25%) [2,10].

Healthcare models that make use of new technologies
increase the efficiency of healthcare services and enhance
quality of life. Their use could rationalize healthcare costs
without worsening healthcare quality, while also achieving
more humanized care in the patient’s socio-family environ-
ment [1].

Different strategies have been studied [11,12], ranging
from telematic follow-up of stable patients with advanced
COPD for early detection and treatment of exacerbations, to
home hospitalization in cases of acute exacerbation [13], or
follow-up with telemedicine early hospital dis-
charge [14].

The use of this technique has been addressed by various
systematic reviews [15-19], yet despite its presumable poten-
tial, in no case has sufficient evidence been found for con-
sidering it cost-effective, possibly due to the heterogeneity of
the different studies.

after
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Accordingly, the aim of this study was to conduct a clin-
ical trial to evaluate the effectiveness/efficiency of and satis-
faction with a home telemedicine program focusing on
patients with COPD exacerbation after early hospital dis-
charge, and compare it with early discharge and follow-up
with traditional home hospitalization.

Material and methods

The TELEMED-COPD study consisted of a randomized
clinical trial with 2 parallel groups, both with early dis-
charge: first, an intervention group that underwent home
hospitalization with telemonitoring; and second, a control
group that underwent traditional follow-up based on face-
to-face visits by healthcare staff. The trial was conducted at
the Puerta de Hierro University Teaching Hospital from
March 2012 through July 2018. Once informed consent had
been obtained from the participants, the latter were ran-
domly distributed between the two groups, using a com-
puter-generated table of pseudo-randomized numbers in
variable blocks. The randomization sequence was kept con-
cealed by the randomization system itself. Patients who
withdrew from the study were not replaced.

The trial complied with the principles of the Helsinki
Declaration and was approved by the Research Ethics
Committee of the Puerta de Hierro University Teaching
Hospital (Acta 276). Data confidentiality was guaranteed under
the provisions of the 1999 Personal Data Protection Act (Ley
Organica de Proteccion de Datos 15/1999), and the trial was reg-
istered in Clinical Trials.gov (Identifier NCT01951261).

Participation criteria

The definition used for study purposes was as follows: any
patient admitted with COPD exacerbation to the
Pneumology Department, with no age limit, who, after an
initial phase of clinical stabilization not exceeding 4 days,
met the following inclusion criteria: 1) diagnosis of COPD
(prior to or during admission according to the Global
Initiative for Chronic Obstructive Pulmonary Disease/
GOLD) [20]; 2) absence of concomitant severe decompen-
sated diseases; 3) arterial gasometry: pH >7.35 pO,
>50 mmHg, with O, at a maximum of 3 lpm, and oxygen
saturation >90%, pCO, <55; 4) afebrile for more than 48 h;
5) need of administration of bronchodilators a maximum of
every 6h; 6) corticosteroids <40mg/12 hs; 7) chest radiog-
raphy without new-onset pathology; 8) subjective improve-
ment; and, 9) appropriate family environment.

The exclusion criteria were as follows: 1) presence of
end-stage neoplasm or other terminal chronic disease; 2)
alcoholism; 3) need of intravenous medication; 4) inability
to understand and participate in the program; 5) having
required ICU care or need of noninvasive mechanical venti-
lation during exacerbation; and, 6) institutionalized patient.

The criteria for withdrawal were: supervening incapacity
to use telemonitoring; complications leading to hospital
admission which occurs after early discharge, while the
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patient is assisted at home with or without telemedicine
(not new exacerbations); or patient’s express request.

Study variables

The main variable was time until first exacerbation post-dis-
charge at home (with “COPD exacerbation” being defined
as acute and sustained deterioration in the patient’s clinical
condition, which is greater than the daily fluctuation and
requires a change in his/her usual medication) [5,6].

The secondary variables analyzed were: use of healthcare
resources, measured as number of home visits by healthcare staff
(scheduled and non-scheduled); mean time of home hospitaliza-
tion; exacerbations occurring post-discharge and re-admissions
for this reason. Other secondary variables were: 1) degree of sat-
isfaction with home care (Satisfad10 questionnaire) [21] and, for
the intervention group, an additional specific survey consisting
of four questions with responses rated on a five-point Likert scale
(from 1 through 5, from least to greatest satisfaction and/or need
of help), plus a fifth open-ended question on their experience
with the monitor (Table 4); 2) measurement of anxiety
and depression with the State Trait Anxiety Inventory (STAI)
(trait-tendency) [22,23] in the home hospitalization stage; 3)
impact on wellbeing and quality of life, as measured by the
COPD Assessment Test (CAT) [24,25]; 4) therapeutic compli-
ance at commencement and at the sixth month, rated by the
Morisky-Green-Levine questionnaire [26]; and, in addition for
the intervention group, adherence to telemonitoring as shown by
fulfillment of the protocolized data transmissions.

Interventions compared

The first stage of the study was home hospitalization (with or
without telemonitoring, depending on the group to which the
participant was allocated), and the second stage was follow-up
after medical discharge (identical for both groups, without tele-
monitoring), with medical visits at one and 6 months. At these
visits, ambulatory and/or hospital exacerbations, and other
study variables were recorded (see Figure 1).

Control group (conventional home hospitalization)

* Visiting schedule: a first visit was made at the hospital (by
the physician and nurse designated to conduct the follow-up),
with an evaluation that covered clinical aspects as well as the
handling and management of bronchodilators. This was fol-
lowed by daily home visits, initially carried out exclusively by
nursing staff, except for the final visit at which the nurse was
accompanied by the physician, in order to give the patient his/
her discharge, provided that the latter met the following criteria:

e clinical stability, with recovery of daily activities and dys-
pnea similar to baseline;

e saturation levels of >90% with or without oxygen, with-
out the need for rescue medication after initiation of
long-acting bronchodilation;and,

e correct use of the medication.

Healthcare was available from 8:00 to 15:00 Monday
through Friday: if any patient experienced a worsening of
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=
issues (N=7):
ol -Refusal to sign the informed
consent form (3)
-Reject home follow up (2)
N=116 -Unavailability of monitor (1)
Randomized -Technical problems in online
N platform (1)

N=58 (Telemedicine) | | N=58 (Control)

Losses (N=6):

- Re-admission during home
follow-up (2)

- Second re-admission in
home hospitalization
program (1)

-Unlocatable (3)

N=52 (Control)

Losses (N=7):

-Re-admission during home follow-up (2)

-Monitor out-of-order (1)

-Second re-admission in home

hospitalization program (1)

-Unlocatable (4)

-Death (1)

N=49 (Telemedicine)
Figure 1. Flow chart of participants (CONSORT checklist).
Table 1. Thresholds of the predetermined parameters.
Parameter Alert
Temperature (°C) >37.7°C
Blood pressure (mm/Hg) (non-diabetic) >160/99
(diabetic) >150/90

Respiratory rate (Ipm) >30 bpmor

>30% (baseline)

<87%
>120 bpm

Oxygen saturation (%)
Heart rate (Ipm)

his/her condition outside these hours, he/she had to notify
the emergency services.

The activities carried out during home visits were
intended to ensure consolidation of the patients’ clinical
improvement, and train patients and their carers in a
“friendlier” environment.

These activities included measurement of vital constants,
physical examination, clinical evaluation, and health education
(covering information on patients own disease, inhalatory
techniques, therapeutic compliance, respiratory exercises, nutri-
tional advice, and smoking cessation, if required).

Intervention group (home hospitalization with
telemedicine)
* Home visiting schedule: This consisted of: 1) an initial visit
made at the hospital (by both physician and nurse); 2) an
intermediate visit made by nursing staff, usually one day later,
except for patient needs or weekends; and, 3) a final visit on
discharge, made by the nurse and the physician. Nursing activ-
ities carried out during the visits, office hours, and discharge
criteria were identical to those described for the control group.
The first day that the patient was at home, he/she
received a visit from the technician, who installed the tele-
monitoring equipment and instructed both the patient and
family members on how to operate it (leaving a contact tele-
phone number for technical support).

* Telemonitoring: this was performed using a multipara-
metric recording unit, which was fitted with a GSM commu-
nication capability and uploaded the patient’s health data to
an online web platform (with a lag of approximately
15-30 min), where the data were then reviewed and analyzed
by the physician in charge.

The parameters recorded were ECG (leads I, II and III),
O, saturation (%), heart rate, blood pressure, temperature,
and respiratory rate.

Patients transmitted their data twice per day (morning and
afternoon), at approximately the same time (work days), for
this reason the telematic assistance was prolonged from 8 a.m.
until 8 p.m on weekdays. The patients would receive a tele-
phone call from the physician to evaluate their clinical situ-
ation (symptoms, degree of dyspnea (mMRC), change in
appearance and amount of sputum, therapeutic compliance,
and complications) and decide on what action was to be taken.

Patients were able to make data transmissions outside of
the protocol, on perceiving clinical deterioration or for
greater ease of mind.

During the weekend or holidays, the patient could made
additional telemonitoring transmissions, but was advised
that they would not be reviewed until Monday morning or
the first business day, so if he was unwell he should notify
the emergency service.

Normality thresholds/intervals were set for the parame-
ters mentioned: in the event of any value being recorded
outside these ranges, an alert was generated in the form of
an SMS text message sent to the physician’s telephone
(Table 1). If intervention was required, the patient was con-
tacted and the plan of action explained to him/her (home
visit, use of emergency services, change of medication, etc.).

Statistical analysis

The principal hypothesis was to ascertain that after early dis-
charge, health outcomes yielded by experimental treatment



Table 2. Demographic and baseline characteristics.
Control (n=58)

Telemedicine (n =58)

Age (years) mean = SD 70+8 68+8
Sex, % men (n) 60 (35) 77 (45)
BMI (mean + SD) 26.5+4 27+4
Smoker %, (n) 31 (18) 45 (26)
PYIl (mean +SD) 53+24 57 +28
Exacerbation phenotype %(n) 41 (24) 29 (17)
CHO %, (n) 33 (19) 38 (22)
FEV1 (ml), mean +SD 1225 +£508 13211474
FEV1 (%), mean +SD 52+17 5017
mMRC (median, pp. 25-75) 2 (1-2) 2 (1-2)
BODEx (median, pp. 25-75) 3 (2-4) 3 (2-4)
CCl (median, pp. 25-75) 4.65 (3.7-6.3) 4 (3-5)

BMI: body mass index; PYI: Pack-year index; CHO: Chronic home oxygen; FEV1:
forced expiratory volume over 1s; mMRC: Modified Medical Research
Council; CCI: Charlson comorbidity index.

(intervention) were no inferior to those yielded by the refer-
ence treatment (control). The scientific literature shows that
the median “exacerbation-free time” of the reference treat-
ment is 2months [27], and the “non-inferiority” condition
thus requires that the median in the experimental group be
similar. It is considered appropriate to set a “non-inferiority”
limit of 0.60 units in multiplicative terms with respect to the
reference treatment. In other words, we sought to demon-
strate that, at minimum, the experimental treatment pro-
vides a median exacerbation-free time of no less than
1.2 months (36days), with the study being deemed to be
inferior if exacerbation should occur before this deadline.
Hence, to ensure a power of 80% and a significance level of
5%, we calculated that a minimum sample of 58 patients
would be required per treatment group (116 in all).

Exacerbation-free time was defined as the interval
between home discharge and moment of exacerbation, until
termination of the study in cases where this did not occur,
or, in the event of loss to follow-up, until the last
time recorded.

All analyses were performed according to the intention-
to-treat principle.

Statistical analysis of the main variable was performed
using the Kaplan-Meier method and log-rank test.

Comparisons between groups were performed using the
Student-t test for continuous variables, and the nonparamet-
ric Mann-Whitney test where the data did not follow a nor-
mal distribution.

The statistical software package used was Stata V.15.1.

Results

A total of 123 patients were selected, and 116 were random-
ized, 58 to the telemedicine group (50%) and 58 to the con-
trol group (50%); of these, 101 completed the protocolized
follow-up (Figure 1).The recruitment period was March
2012 through January 2018, with follow-up at 6 months end-
ing in July 2018.

No significant differences were found between the two
groups in terms of demographic and baseline characteristics
(Table 2), or in the number of days of hospital admission
prior to inclusion in the study, with a mean of 3.4 +/- 1.4
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Kaplan-Meier Curve

0.00

-
-

0 30 60 80 120 150 180
Days since home discharge
Subjects at risk

Control 55 45 41 39 20
Telemedicine 54 43 27 24 25

Control Telemedicine

Figure 2. Time until first exacerbation in the control group versus the tele-
medicine group.

in the telemedicine group and 3.5 +/- 1.5 in the control
group (p=0.704).

In the case of the main variable, time until first exacer-
bation, no significant differences were observed between
groups, with a median of 48days (p25-p75:23-120) in the
control group and 47days (p25-p75:19-102) in the inter-
vention group, p=0.52) (Figure 2). In the follow-up stage,
23 (41.8%) patients in the control group and 25 (46.3%) in
the intervention group experienced exacerbation. In the
control group, there was a median of 2 (1-3) exacerbations
and there were 13 (23%) severe cases that required admis-
sion; in the intervention group, there was a median of 1
(1-2) exacerbation and there were 12 (22%) severe
exacerbations.

The duration of the home hospitalization was similar in
the two groups with a median of 7 days, and the number of
home visits was lower in the intervention group, with the
difference being statistically significant (Table 3).

During the home hospitalization stage, 4 patients (2 from
each group) required re-admission to hospital for different
reasons, namely:

1. telemedicine group: one due to exacerbated respiratory
failure, and another due to rapid atrial fibrillation;

2. control group: one due to poor control of pain second-
ary to vertebral compression fractures, and another due
to necrotizing pneumonia.

There was only one death across the study, which took
place during the post-discharge follow-up stage and was due
to a polytraumatism unrelated with the study.

There were no significant differences in satisfaction with
homecare services, anxiety-depression and therapeutic
adherence, however about the impact on quality of life with
the questionnaire CAT there were significant differences
(Table 4).
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Table 3. Number of home visits and length of home hospitalization.

Control Telemedicine P

Number home visits (mean + SD) 51+2 3.8+1 < 0.001
Length home hospitalization (days), median (p25-p75). 7 (6-9) 7 (7-8) 0.89
Table 4. Questionnaires.

Control Telemedicine p
SATISFAD10, median (p25-p75) 30 (27-30) 30 (29-30) ns
CAT initial, median (p25-p75) 15 (9-21) 10 (7-15) 0.040
CAT 1°* month, median (p25-p75) 8 (4.5-11) 8 (5-15) 0.012
STAI state, median (p25-p75) 17 (12-25) 15(10-26) ns
STAI trait, median (p25-p75) 23 (17-27.5) 20 (15-26) ns
M-G initial % compliance 78 77 ns
M-G 6™ month % compliance 87 86 ns

CAT: COPD Assessment Test; STAI: State Trait Anxiety Inventory; M-G: Morisky-Green.

Table 5. Telemonitoring satisfaction survey.

Patient Satisfaction Mean
1. The equipment seemed easy to use 4.62
2. Needed help of other people to operate the equipment 1.43
3. Faced with a similar problem, would prefer to use the equipment again 4.70
4. Having the equipment at home gave a sense of safety and security 457

Likert Scale: scored from 1 through 5, from least to greatest satisfaction and/or need of help.

Table 6. Open-ended question about satisfaction/experience with the monitor.

“It worked well for me. | wasn't in the least worried. | found it fine.”

“He found the whole thing an absolute miracle and liked it a lot. Instead of being in hospital, | prefer to be at home.”

“I was very well looked after. Perfect, marvelous.”

“I've been happy with the equipment and it has really done me good. God willing, | won't have any more need of it, but if | do, where can | call to ask
for one?”

“He found the treatment they gave him at home sensational. It was amazing. There’s no problem whatsoever, no problem at all with it. | found it a very
good experience.”

“He liked it a lot. It makes you feel safer. | really liked it. But they got into a routine of one day at home, and the next at hospital. It worked for me. Whoever
they give it to is fortunate. It was a guarantee of safety.”

“What gave me peace of mind was that the nurse came. To me, in general, home care strikes me as very good idea. Very satisfied with the system. | found the
equipment good”

“It was a great help and it's very simple. | had a problem with the mobile ‘phone, which kept running out of battery. | liked it a lot, much better than being in
hospital. It was phenomenal.”

“Full marks for the attention, follow-up and care they gave me. If | had the chance to have it again, that would be fantastic”

“It was good, even though the transmission broke down a couple of times. I'm really happy. It was a something really new and very good.”

“A very comfortable formula for being at home rather than in hospital. The telephone’s a disaster. The mobile ‘phone must be changed right away. It used up a
lot of battery and had little coverage. Everything else was very good.”

Table 7. Cost per patient: telemedicine and control groups.

COST PER PATIENT -Mean length of home hospitalization: 7days Telemedicine group Control group
TELEMONITORING COST
Telemonitoring transmission: 23.17 € 0€

-Mean daily telemonitoring transmissions: 2.23
-Mean communication costs per day: 1.94 €
-Daily cost of monitoring device: 1.37 €

VISITS COST*

-Cost per hour: nurse, 31.25 €; physician, 37.50 €; training, 18.25 €

-Mean length of visits: physician-nurse visits, 1.5 h; training visit, 1h

-Mean cost per displacements (hospital-home-hospital): 3.11 € (0.19 €/km; mean 16.35 km)

Nurse visit (mean no. visits) 89.97 € (1.8) 154,94 € (3.1)
Physician and nurse visit (no. visits) 206.25 € (2) 206.25 € (2)
Training visit (no. visits) 21.36 € (1) 0 € (0)
ON-LINE FOLLOW-UP

Physician 18.75 € 0€

-Mean length on-line follow-up task: 0.1h (6 min)
-Mean no. follow-up sessions: 5

TOTAL COST PER PATIENT 362.60 € 364.30 €

*Notes:1*" visit is at hospital (nurse/physician). Monitoring device retired by nurse in last visit.




The results of the telemonitoring satisfaction survey
(n=55) are shown in Table 4, along with some of the
patients’ most repeated answers to the open-ended question
about satisfaction/experience with the monitor in Table 5.
There was an average of 2.23+0.59 daily telemonitorings
per patient across the home hospitalization period. It would
include protocol transmissions (twice a day) and out-of-
protocol; above 100% in almost all cases [mean 111.5%
(82%- 141%)] (Table 6).

During the weekends or holidays without telematic assist-
ance no more alerts or visits to emergency services
were observed.

There was no dropout during the study in any group.

The economic analysis of the study (see Table 7) shows a
total cost per telemonitored patient of 362.60€ compared to
364.30€ in the control group. The specific resources in the
telemonitored group include: costs of telemonitoring trans-
mission and use of the monitoring device; costs of training
the patient in the use of the monitoring device (training
visit); and the on-line patient follow-up sessions carried out
by the physician; the cost associated with specific telemoni-
toring resources amounts to 63.28€ per patient. For both
groups, the individual cost of the visits is similar (nurse vis-
its and physician-nurse visits); the difference between both
groups is due to the lower number of visits carried out for
the telemonitored group with respect to the control group.
The additional cost generated by the visits in the control
group is 64.98 € per patient. The difference in costs between
the telemonitoring and control groups amounts to 1.74€ in
favor of the control group.

Discussion

The TELEMEDCOPD study observed that follow-up with
telemedicine makes it possible to reduce the number of
healthcare staff visits, without any negative effects in terms
of time until first exacerbation.

Although it is true that the close monitoring to which the
intervention group was subjected might in part substitute
for the lower number of visits, we do not feel that it offset
the efficiency obtained because it entailed no travel on the
physician’s part, and in the event of some urgent action
being required in either group outside the normal office
hours of the home hospitalization program, the patient was
referred to the emergency services. Moreover, no protocol-
ized data transmissions or calls were made on the weekend,
with patients being notified that, in the event of any such
data transmission being made, it would be reviewed on the
first working day, so that no additional intervention was
made with respect to the control group, in which weekend
visits were likewise suspended.

In the most recent systematic review by Clemens Kruse
in 2019 [15], 13 of the 29 (45%) selected studies pronounced
in favor of the greater effectiveness of telemedicine, while 11
of the 29 (38%) found no improvement. They identified a
series of favorable results, including a decrease in the num-
ber of home visits (as in our study) and improvement in
disease management and carer support, as well as a number
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of drawbacks, ranging from low data quality to an increase
in staff workload and costs.

In their studies, Segrelles et al. [28] and Esteban et al
[29] monitored patients with stable COPD for early detec-
tion of exacerbations, and reported a decrease in use of
health resources, number of hospitalizations, and visits to
emergency services. Similarly, the Cochrane review by
McLean [17] detected a trend in favor of telemedicine, in
the form of a decrease in the number of hospitalizations and
visit to emergencies but with no evidence of improvement
in quality of life (using the Saint George Respiratory
Questionnarie/SGRQ) or in mortality. Our study did not
show a decrease in the number of exacerbations or hospital-
izations: we feel that this may be related to the close follow-
up and educational reinforcement implemented during
home hospitalization in both groups, which -as in other
studies- would seem to account for the beneficial effect of
telemedicine being canceled out [15,16,29-32].

Then again, whereas the mean number of days of admis-
sion due to COPD exacerbation is 10.9 according to
European Lung Foundation data [33] and 9 according to
AudiPOC [34], in our study the mean time of hospital
admission was 4 days, which, added to a low re-admission
rate in the home hospitalization stage (3.4%), amounts to a
cost-effective improvement per se.

Despite receiving fewer visits, the patients followed-up
with telemonitoring felt equally well cared for, as was high-
lighted when satisfaction with home care was measured
(SATISFAD-10). In the surveys that we conducted a posteri-
ori, the majority of patients expressed a subjective feeling of
safety and security with the telemonitoring service, men-
tioned its ease of use, and stressed their willingness to use it
again on future occasions. Although most patients had an
informal carer at home, few needed help to carry out tele-
monitoring. There was very high adherence in terms of
compliance with the two daily data transmissions, with
some even making extra transmissions for greater ease of
mind. Probably the ones with the fewest data transmissions
are those that had weekends through the hospitalization
period. However, it should be noted that the follow-up by
the medical staff was daily and any failure to send parame-
ters involved a home call.

Acceptance of these new technologies by patients was
thus very high and satisfactory, as has already been seen in
other studies [17,35,36].

There were no differences between the groups with
respect to anxiety-depression measured with the STAI This
coincides with what has been observed by other authors,
albeit using other questionnaires (the Hospital Anxiety and
Depression Scale) [32,37,38].

Similarly, there were no differences in adherence to med-
ical treatment, with this improving as follow-up progressed
(>80% in both groups on termination of the study), possibly
linked to the close follow-up and health education carried
out in both groups.

Surprisingly, the quality of life measured initially with
CAT, shows significant differences between both groups;
being a randomized clinical trial, no differences should have
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occurred. Likewise, starting from a higher initial CAT, even
though the median equals one month, a difference is found
between the initial CAT and the one, one month after. We
believe that the difference may be due to a little sample size.
In other studies, there were no differences in the quality of
the life, although they used others questionnaires (SGRQ or
SE-36v2) [32,39,40].

The cost difference between the telemonitored group and
the control group is minimal and its validity is subject to
subtle variations in data transmission costs, the duration of
on-line patient follow-up or the costs associated with the
use of monitoring devices. However, beyond the cost com-
parison of both actions, it must be borne in mind that the
intervention of telemonitoring generates an additional
advantage related to the optimization in the use of health
resources. Assuming that 100% of the capacity of the hospi-
tal’s pneumology service to make home visits is 5.1 visits
per patient, in home hospitalization for early discharge, the
fact that the number of visits required to effectively attend
to a telemonitored patient is 3.8 visits, has as consequence
that the capacity of the service for home hospitalization for
early discharge could be improved by up to 25.5%. As a
consequence, the number of telemonitored patients could be
increased by using the same amount of resources, that is,
the efficiency of use of health resources is improved while
maintaining a similar quality of care.

Limitations

The fact that this was a randomized non-pharmacological
intervention study meant that blinding could not be main-
tained after randomization.

A possible selection bias would lie in the fact that the
patients included must be assumed to have different apti-
tudes for handling new technologies (telemedicine monitor)
or adequate family support in this respect, and that the
population sample was limited to patients admitted to the
Puerta de Hierro Hospital Pneumology Department, thereby
excluding Internal Medicine patients who might have a dif-
ferent clinical profile (more pluri-pathological or older).
Both the above would amount to a limitation for generaliza-
tion of results.

There was a prolonged recruitment period, due to the
closure of the home hospitalization program during the
summer months and to the limited inclusion criteria.

Conclusions

The results of the TELEMEDCOPD study suggest that tele-
monitoring-based follow-up with medical and nursing
supervision, in the early discharge of patients with COPD
exacerbation, is as effective as conventional home follow up,
being the cost of either strategy not significantly different.
Although the telemonitoring procedure shows a slight
advantage in relation to costs, the greatest benefit is the evi-
dent optimization of the use of care resources. The telemo-
nitored procedure increases the capacity to attend patients

in home hospitalization for early discharge while maintain-
ing the same quality of care.

However, more studies are required to allow for recom-
mendations to be drawn up regarding the use of telemoni-
toring in patients with COPD, defining the patient profile
that could benefit best, the optimal point in time (stable
phase or exacerbation), and the protocol governing the bio-
medical parameters (vital constants and clinical symptoms)
and form of monitoring (daily, weekly, etc.) that would
be needed.
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