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Abstract
Background: Patients with chronic obstructive pulmonary

disease (COPD) may not recognize worsening symptoms that

require intensification of therapy. They may also be reluc-

tant to contact a healthcare provider for minor worsening of

symptoms. A telemedicine application for daily symptom

reporting may reduce these barriers and improve patient

outcomes. Materials and Methods: Patients hospitalized for

a COPD exacerbation within the past year or using sup-

plemental O2 were approached for participation. Patients

received optimal COPD care and were given a telecommuni-

cation device for symptom reporting. Initial symptom scores

were obtained while patients were in their usual state of

health. Patients were randomly assigned to an intervention

group or a control group (usual medical care). The control

group patients were instructed to seek medical care if their

condition worsened. The intervention group symptom scores

were assessed by a computer algorithm and compared with

initial values. Scores 1 or more points above the initial score

generated an ‘‘alert,’’ and patients were reviewed by a nurse

and referred to a physician who prescribed treatment. Re-

sults: Eighty-six patients were screened; 79 met entry criteria

and were randomized (intervention group, n = 39; control

group, n = 40). Twelve patients submitted five or fewer symp-

tom reports (5 intervention; 7 control) and were excluded

from the analysis. Daily peak flow and dyspnea scores im-

proved only in the intervention group. There were no differ-

ences in hospitalization and mortality rates between groups.

No serious adverse events were reported. Conclusions: A

telemedicine-based symptom reporting program facilitated

early treatment of symptoms and improved lung function and

functional status.

Key words: chronic obstructive pulmonary disease exacer-

bations, telemedicine, disease management

Introduction

T
elemedicine has been advocated in managing sev-

eral chronic disease states, including diabetes,1,2 hy-

pertension,3 congestive heart failure,4 and high-risk

pregnancies,5 and for improving general medical

care and outcomes.3,6,7 Chronic obstructive pulmonary dis-

ease (COPD) is a chronic disease whose course is punctuated

by intermittent exacerbations and has been the focus of sev-

eral telemedicine or telemonitoring studies.8–10

Recently, Goldstein and O’Hoski11 concluded that the value

of telemedicine in the daily management of COPD patients is

unproven. They cited poor study designs, small sample sizes,

inconsistent interventions, and limited follow-up as factors

that must be addressed before telemedicine interventions can

be considered as a standard of care for COPD patients. In this

study, we hypothesized that telemedicine-based daily symp-

tom reporting when added to optimal medical therapy will

decrease hospitalizations and COPD-related mortality, as well

as reduce the frequency and severity of acute COPD exacer-

bation symptoms, in high-risk patients.

Materials and Methods
The PennsylvaniA Study of COPD Exacerbations (PA-SCOPE)

was a randomized, unblinded, parallel-group trial funded

by the Pennsylvania Commonwealth Universal Research En-

hancement Program. Patients were drawn from the outpatient

practices of the Principal Investigators while in their usual

state of health. Eligibility criteria were ages between 40 and 80
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years, diagnosis of COPD, current or former smokers, COPD

hospitalization within the past year or current home oxygen

use, and no significant comorbidity. All patients gave insti-

tutional review board–approved written informed consent.

On the day of enrollment a complete history was obtained, a

physical examination was performed, the COPD medication

regimen was optimized, full pulmonary function testing was

performed, and arterial blood gases were obtained.12 A 6-min

walk test was performed with oxygen titration,13 demographic

information was obtained, and quality of life questionnaires

were completed (Modified Outcomes Study Short Form [SF-

36],14 St. George’s Respiratory Questionnaire [SGRQ],15 The

Shortness of Breath Questionnaire,16 and the Quality of Well-

being Scale17). Peak flow meters were distributed to all pa-

tients, and electronic diaries were provided for daily peak flow

and symptom reporting. Patients were instructed in their use.

An initial symptom assessment was made for each patient

when he or she was in the usual state of health. The components

of the symptom assessment included peak expiratory flow (best

of three attempts), dyspnea (modified Borg score), and sputum

quantity, color, and consistency (all were considered major

symptoms), as well as the presence of cough, wheeze, sore

throat, nasal congestion, and temperature above 100�F (all mi-

nor symptoms). Although both groups of patients made daily

symptom reports, only those made by the intervention group

were evaluated using a computerized algorithm that generated a

symptom score that reflected the degree to which their symp-

toms deviated from the symptoms obtained when in their usual

state of health (Table 1). The study nurse and physician reviewed

the symptom report to determine the factors that triggered the

alert to direct the prescribed intervention.

The symptom algorithm detected changes from the initial

values of the patient’s symptoms. However, even when in their

usual state of health COPD patients are symptomatic. To quan-

tify this burden, a symptom severity index was developed that

assigned weights to each symptom. The symptoms were

weighted to parallel the severity of symptoms reported in the

electronic diary. These were as follows: increased sputum

purulence, 0.167; thickness, 0.167; quantity, 0.084; cough,

0.125; wheeze, 0.125; sore throat, 0.125; nasal congestion,

0.125; and fever, 0.5. Peak flow rates were weighed based on

National Health and Nutrition Examination Survey predicted

flow rate (>0.6 to <0.8, 0.25; 0.5–0.6, 0.5; 0.37–0.49; 0.75; and

<0.37, 1), and breathlessness was given a score of 0.1 up to 1

corresponding to 1–10 on the Borg dyspnea scale (Table 2).

Although not necessary for the daily management of patients,

the symptom index allowed us to categorize the severity of

symptoms as mild (1–1.9), moderate (2–2.9), or severe (‡3)

and to track symptom severity over time.

The Duke Activity Status Index was also reported to mea-

sure the patient’s daily functional status.18 It has been shown

to be a useful addition in the evaluation of functional capacity

in the COPD patient population.19

Patients were randomized to either the intervention group

or the control group using a computer-generated randomi-

zation scheme developed by the study statistician. All pa-

tients were instructed to report their symptoms daily using

the electronic diary (Palm� model M500; TCL Corp., Sunny-

vale, CA). The electronic diary had eight screens of questions

that took 2–3 min to complete. Patients obtained three peak

flow readings using a handheld disposable peak flow meter

(AsthmaMentor�; Respironics New Jersey, Inc., Cedar Grove,

NJ). The patient responded to the prompts on each of the

screens regarding his or her symptoms that day (as described

in Table 1) and entered the best peak flow meter reading. Once

all data were entered, the electronic diary was placed into its

cradle, and the daily symptom report was transmitted by

telephone line to a central database. The data submitted by the

patient were processed by the algorithm. If an alert was

Table 1. Electronic Diary Scoring

CATEGORY SCORING

Breathlessness Score 1.0 if ‡3 increments above initial value

Sputum quantity Score 0.5 if change to greater amount from initial

value. Choices:

<1 tablespoonful

‡1 tablespoonful

‡1⁄4 cupful

Sputum color Score 0.5 if color change from initial value. Choices:

If initial value was none or white and the change

is to yellow, green, or brown, score 0.5.

If initial value was none, white, brown, or yellow

and the change is to green, score 0.5.

Sputum consistency Score 0.5 if change from initial values of none,

watery, or thin to thick.

Score is 0.0 if thick is not a change from baseline.

Peak flow Score 1.0 if £80% of baseline.

Temperature over 100�F Score 0.5 if answer is ‘‘Yes’’

Cough All minor symptoms. If two or more minor

symptoms are ‘‘yes’’ and a change

from baseline, score 0.5.Wheeze

Sore throat

Nasal congestion

U.S. copyright TX-7-170-236, 2004, by Gerard J. Criner.
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generated for an intervention group patient, the patient re-

ceived a notification to call the office. Reports made by in-

tervention patients were reviewed daily by the study nurse

who contacted patients that did not call the office on their

own. Two weeks after the enrollment visit, all patients re-

ceived a telephone call to determine if they were having any

problems with the use of the peak flow meter or the electronic

diary.

Control group patients were instructed to follow their pri-

mary physician’s care plan provided at the time of discharge

from the clinic.

Intervention group patients were instructed to phone a

1–800 number if the symptom score generated by the algo-

rithm reached or exceeded the predetermined threshold of

1 (‘‘alerted’’). The 1–800 number was available 24 h/day,

7 days a week and staffed by nurses and pulmonologists.

Exacerbation symptoms were treated according to GOLD

guidelines.20

Follow-up study visits for all patients were scheduled at

6, 12, 18, and 24 months after enrollment. At these visits an

interim history, physical exam, and medication history were

obtained. Also at these visits, demographic information was

updated, peak flow meters were replaced, and quality of life

questionnaires were obtained.

The calculation of the sample size was based on a conserva-

tive estimate assuming patients accrue to the study according to

a Poisson process. Using a two-sided test at a 5% level of sta-

tistical significance, a sample size of 100 patients per group

would have an 80% power to detect a 30% difference in the

composite event rate (hospitalization or death) between the

intervention group and the control group. Assuming a 25%

dropout rate, 135 patients per group would need to be recruited.

DATA COLLECTION AND ANALYSIS
The primary end point was a composite of the number of

hospitalizations and deaths, adjudicated by three pulmo-

nologists blinded to group assignment. The secondary end

points were the frequency and severity of acute exacerbation

symptoms, daily peak flow, dyspnea score, and Duke Activity

Status Index, as well as interval changes in the general and

disease-specific quality of life questionnaires. To be included

in the analysis of acute exacerbation symptoms, patients must

have made five or more symptom reports between the day of

enrollment and the end of their study participation.

Differences in the primary end point and the secondary end

point of exacerbation symptom days greater than baseline

were compared between groups using the test for differences

in Poisson rates. Time to first hospitalization for each group

was analyzed using Kaplan–Meier analyses. Differences be-

tween average exacerbation symptom index scores were tes-

ted for significance using a mixed-model analysis of variance

for repeated measures. Quality of life data were analyzed by

two-way analysis of variance for repeated measures. Yates’s

corrected chi-squared test was used to compare mortality

between the two groups.

A Data and Safety Monitoring Board reviewed the study

data for differential mortality or morbidity.

Results
In total, 86 patients were consented. Seven patients were

excluded prior to randomization (Fig. 1). Of the 79 randomized

patients (39 patients to the intervention group and 40 to the

control group), 12 patients were excluded from the analysis

because they submitted five or fewer symptom reports (5 in the

intervention group and 7 in the control group) (the CONSORT

diagram appears in Fig. 1), resulting in 34 patients in the in-

tervention group and 33 patients in the control group. There

were no significant differences between the intervention group

and the control group in the average number of days in the

study (323 – 224 versus 364 – 210, respectively; p = 0.45) and

Table 2. Symptoms Severity Index

SYMPTOMS

MAXIMUM
CONTRIBUTION

TO INDEX LEVELS

Breathlessness 1 10

Sputum

Quantitya 0.5 6

Color 0.5 3

Consistency 0.5 3

Peak flow (percentage of initial value) 1 > 0.6 to <0.8

0.5–0.6

0.37–0.49

< 0.37

Temperature >100� F 0.5 Yes/no

Cough 0.125 Yes/no

Wheeze 0.125 Yes/no

Sore throat 0.125 Yes/no

Nasal congestion 0.125 Yes/no

Maximum severity index 4.5

aThe original sputum quantity score provided for smaller sputum volumes,

hence the six levels.

CORDOVA ET AL.
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the average number of days symptom reports were submitted

(264 – 164 versus 254 – 199, respectively; p = 0.83). Clinical and

demographic data obtained at enrollment showed that the

groups were well matched (Table 3). Intervention group patients

had a higher compliance rate in daily diary reporting compared

with control group patients (81.4% versus 69.9%, respectively;

p < 0.001). There were no serious adverse events reported in

either group. Two patients in the intervention group developed

corticosteroid-related hyperglycemia that was treated with a

temporary increase in insulin dosage.

HOSPITALIZATIONS AND MORTALITY

Thirty-five hospitalizations occurred in the intervention

group compared with 44 in the control group ( p = 0.31). There

were no differences in hospitalization rates (number of

hospitalizations/study observation days) (intervention group

versus control group, 35/10,951 versus 44/12,012, respec-

tively; p = 0.63) or hospitalization durations (intervention

group versus control group, 392 – 30 versus 463 – 32 days,

respectively; p = 0.8). Six intervention group patients had

multiple hospitalizations for exacerbations compared with 11

control group patients ( p = 0.27). There was no significant

difference in time to first hospitalization or mortality between

groups (intervention group versus control group, n = 6 versus

n = 2, respectively; p = 0.25).

ACUTE EXACERBATION SYMPTOMS
The intervention group submitted 8,909 symptom reports

over a total of 10,951 patient-days of participation, and the

control group submitted 8,396 symptom reports over a total

of 12,012 patient-days of participation. All patients reported

the presence of at least one COPD symptom daily. The distri-

bution of symptom severity was different between the in-

tervention group and the control group, with the intervention

group reporting significantly fewer moderate and severe

symptom days ( p < 0.0001) (Fig. 2).

Fig. 1. Study flow diagram. COPD, chronic obstructive pulmonary disease; LVRS, lung volume reduction surgery.
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LONGITUDINAL SYMPTOM AND ACTIVITY REPORTS
Symptom index scores, Duke Activity Scores, peak flow

rates, and Borg dyspnea scores were compared over the

24-month reporting period (Fig. 3). Intervention group patients

had significantly lower symptom index scores compared with

control group patients. The decrease in the intervention group

symptom index score was sustained up to 24 months. Average

peak flow improved in intervention group patients over time

compared with baseline but remained unchanged in control

group patients. Improvements in intervention group peak flow

were sustained up to 24 months ( p < 0.0001). The Borg dys-

pnea score in the intervention group declined significantly

over time compared with values observed at study entry

compared with the control group. The improvements in in-

tervention group dyspnea were sustained up to 24 months

( p < 0.0006). Following randomization, the Duke Activity

Status Index was significantly higher in the intervention

group compared with the control group and was sustained

over the 24-month period of follow-up ( p < 0.02).

SGRQ
There were no differences between the intervention and

control groups in baseline SGRQ total scores (59 – 11 versus

59 – 12, respectively; p = 0.72) and its three component scores:

Symptom (67 – 17 versus 70 – 12, respectively; p = 0.46), Ac-

tivity (82 – 11 versus 85 – 11, respectively; p = 0.32), and Im-

pact (43 – 15 versus 43 – 19, respectively; p = 0.96). At 24

months, the Symptom score was lower in the intervention

group (67 – 15; n = 5) compared with the control group

(78 – 14; n = 3) ( p = 0.009). There were no differences in the

Activity, Impact, or total scores between groups.

SF-36
Main SF-36 summary scores were not different between

groups. SF-36 Reported Health Transition Score (improve-

ment in health over last 12 months) showed that the inter-

vention group was significantly better at 12 and 18 months

compared with baseline, whereas the control group remained

unchanged ( p = 0.04).

SHORTNESS OF BREATH QUESTIONNAIRE
AND QUALITY OF LIFE ASSESSMENT

The Shortness of Breath Questionnaire and Quality of

Well-being assessments were similar for both groups at all

study times.

TIMELINESS OF MEDICAL INTERVENTIONS
IN THE INTERVENTION GROUP ARM

The call center team performed 142 interventions in the in-

tervention group. Interventions included addition or increase in

Table 3. Baseline Demographic and Clinical Characteristics

INTERVENTION
(N = 34)

CONTROL
(N = 33) P VALUE

Age (years) 64 – 6 63 – 8 0.58

Sex (number female) 17 24 0.08

Smoking (pack-years) 43 – 22 54 – 25 0.053

BMI (kg/m2) 29 – 6 30 – 7 0.42

Number (%) of patients on oxygen 23/34 (67%) 23/33 (70%) 1

Oxygen (L/min) 3.0 – 1.7 2.9 – 1.1 0.76

mMRC (n) 0.37

0 1 0

1 5 3

2 4 8

3 16 11

4 8 11

SGRQ total score 59 – 11 60 – 12 0.71

SF-36

Physical component 25 – 19 17 – 13 0.06

Mental component 66 – 20 70 – 17 0.35

Long-acting beta-agonist 28/34 (82%) 26/33 (79%) 0.77

Inhaled corticosteroids 29/34 (85%) 31/33 (94%) 0.43

Long-acting anticholinergic 22/34 (65%) 25/33 (76%) 0.43

Short-acting beta-agonist 34/34 (100%) 33/33 (100%) 1

Comorbidities

DM 3/34 (9%) 4/33 (12%) 0.71

CAD 7/34 (21%) 13/33 (39%) 0.11

FVC (%) 74 – 15 68 – 17 0.16

FEV1 (%) 31 – 13 32 – 15 0.76

FEV1/FVC (%) 34 – 13 38 – 13 0.16

TLC (%) 112 – 18 112 – 17 0.96

RV (%) 182 – 49 182 – 47 0.99

DLCO (%) 54 – 15 54 – 15 0.90

pH 7.42 – 0.02 7.42 – 0.02 0.77

PaCO2 (mm Hg) 42 – 7 45 – 7 0.29

PaO2 (mm Hg) 67 – 14 65 – 10 0.55

6MWT (min) 262 – 83 254 – 96 0.73

6MWT, 6-min walk test; BMI, body mass index; CAD, coronary artery disease; DLCO,

diffusing capacity for carbon monoxide; DM, diabetes mellitus; FEV1, forced expiratory

volume in 1 s; FVC, forced vital capacity; mMRC, Modified Medical Research Council

Dyspnea Scale; PaCO2, partial pressure of carbon dioxide in blood; PaO2, partial

pressure of oxygen in blood; RV, residual lung volume; SF-36, Short Form 36 Health

Survey; SGRQ, St. George’s Respiratory Questionnaire; TLC, total lung capacity.

CORDOVA ET AL.
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bronchodilators (n = 10), antibiotics (n = 43), systemic cortico-

steroids (n = 40), and antibiotics and systemic corticosteroids

(n = 49). In 100% of the interventions, patients began therapy

the sameday their symptom index was ‡ 1 over the initial value.

CORRELATION OF SYMPTOM INDEX
AND SGRQ SYMPTOM SCORE

To determine its clinical utility, the symptom index score

was related to the SGRQ symptom score. A significant corre-

lation was found (r = 0.5, p < 0.05).

Discussion
Wefailed toenroll thenumberofpatientsneeded to showeither

amortalitybenefit or reduction inhospitalizationdaysprior to the

end of study funding. An unexpected barrier to recruitment was

the unwillingness of many eligible patients to participate in a trial

thatwas expected to last for 2years.Wealsoobserved a lower rate

of overall hospitalization in both the control group and the in-

tervention group than what we had originally predicted, possibly

due to the fact that all patients were being followed up by pul-

monologists and had had their medication regimens optimized.

Even so, this was not an entirely negative study.

In many disease states the early recognition of a decline in

health is essential to timely intervention. A heart failure tele-

medicine intervention failed to improve patient outcomes.4 In

this study, six of the seven daily-reported parameters were sub-

jective, with the exception being body weight. The remaining

parameters asked the patient to compare his or her symptoms to

those of the previous day. Unfortunately, patients may find it

difficult to recognize small day-to-day variations in symptoms

that might benefit from treatment. In COPD, symptoms may not

be at a level considered to be an exacerbation, yet a minor

worseningof pulmonary symptomsmay represent an

opportunity where treatment could lead to the

avoidance of further declines in lung function and

quality of life. As with the heart failure study, all of

the symptoms reported by our patients were subjec-

tive, with the exception of the peak flow readings.

The major difference was the use of a computerized

algorithm that identified the variability of a patient’s

symptoms in an objective manner relative to his or

her initial values. Based on the symptom reports we

were not only able to detect worsening symptoms,

but also to identify the specific symptoms that re-

sulted in an alert being generated. With this infor-

mation treatment approaches could range from

intensification of bronchodilator therapy, the addi-

tion of oral steroids if the peak flow dropped to less

than 80% of initial values, and the addition of anti-

biotics if sputum was purulent. After treatment was initiated

continued symptom reporting served as a tool to assess response

to treatment.

A prospective randomized controlled trial reported the ef-

fects of a single 1.5-h education session, an action plan for self-

treatment of exacerbations, and monthly nurse case man-

agement phone follow-ups on repeat COPD hospitalizations

and emergency visits in 743 veterans with COPD at five re-

gional medical centers.21 The interventional group had a 41%

reduction ( p < 0.001) in COPD hospitalizations or emergency

room visits compared with standard care over 1 year. In this

study the time between symptom onset and initiation of ther-

apy with antibiotics or steroids was not mentioned. However,

when a multicenter cooperative trial involving 20 Veterans

Administration hospitals attempted a similar study, the study

was stopped prematurely due to excessive mortality in the

comprehensive case management group.22 The reason for this

difference is unclear, but the study did show that the time from

the onset of symptoms to the initiation of antibiotics or pred-

nisone was not different between the groups. The average time

before receiving prednisone was 6.4 days in the intervention

group versus 7.7 days in the usual care group. The time to

receiving antibiotics was also similar (7.0 versus 6.8 days, re-

spectively). In contrast, patients in the intervention group in

our study received antibiotics, prednisone, or both as directed

by reported symptoms within 24h of their COPD symptom

score increasing more than 1 point from the initial values.

Data on the utility of telemedicine-based management in

COPD are limited. Published studies regarding telemedicine

in COPD have involved small patient numbers, used variable

intensities of monitoring, and lacked predetermined treatment

plans. In a randomized controlled trial involving 240 patients

Fig. 2. Symptom index reports by study group.
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(101 with COPD) with chronic respiratory failure, those ran-

domized to receive tele-assistance had fewer hospitalizations,

fewer urgent calls, and decreased acute exacerbations.23 Pare

et al.24 reported a decrease in home visits and hospitalizations in

COPD patients who were treated with the telehomecare model

and substantial cost savings at 6 months of follow-up. Others,

however, have found no benefit of home-based COPD tele-

monitoring programs in decreasing hospital or homecare costs.8

A retrospective study by Alrajab et al.25 attributed reduced rates

of COPD exacerbation and healthcare utilization to the use of a

telemonitoring program. Unfortunately, they did not provide

patient reporting compliance or the criteria used to ‘‘flag’’ a re-

port as a possible exacerbation that needed clinician follow-up.

Our telemedicine program was focused on monitoring of

respiratory symptoms and peak flow and early intervention of

acute COPD exacerbations. Treatments used in our study were

not novel but were those endorsed by guideline recommen-

dations. Our scheme of telemedicine symptom reporting al-

lowed us to initiate treatments directed at patient-specific

symptoms on the same day COPD symptoms worsened. We

believe that timely, focused intervention was the primary

reason for improvements in patient outcomes. Early inter-

vention decreased the frequency and magnitude of subsequent

exacerbation symptoms, decreased dyspnea, and improved

peak flow and daily activity status. Long-term electronic daily

monitoring of respiratory symptoms was well accepted by

Fig. 3. Longitudinal symptom and activity reports.

CORDOVA ET AL.
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moderate to severe COPD patients as evidenced by the high

rate of reporting compliance in both the control and inter-

vention groups. In addition to its prospective, randomized,

and controlled design, other strengths of our study include

the utilization of a novel daily electronic diary and a com-

posite symptom score that detected patient-specific symptom

worsening. Our study also used evidence-based medical in-

terventions and covered a prolonged follow-up period.

LIMITATIONS AND BIAS
Our study was able to overcome some, but not all, of

the limitations identified by Goldstein and O’Hoski.11 Our

patient population was well defined, and we used a random-

ized controlled design. The interventions used were those re-

commended by consensus guidelines and could be tailored to

the symptoms reported by the patient. The period of follow-up

exceeded 9 months for the majority of patients, with some pa-

tients being followed up for up to 2 years. However, our sample

sizewas too small to detect a difference in the combinedprimary

outcome of hospitalization or death between the intervention

and control groups. Another limitation is the possibility of data

entry errors, particularly for the peak flow meter readings.

As suggested in the CONSORT diagram (Fig. 1), there is

the possibility of recruitment bias. One hundred eighty-three

patients were referred to the study as potential participants.

All had severe, symptomatic COPD; however, slightly more

than 40% of these (75) declined participation. There is the

possibility therefore that those patients who chose to enroll

do not reflect the overall COPD patient population. Because

data could not be collected on those who chose not to par-

ticipate, we could not compare the clinical characteristics of

the enrollers versus the nonenrollers. However, the demo-

graphics and clinical information of the participants are

consistent with severe, symptomatic COPD.

Conclusions
Daily monitoring and early treatment of worsening respi-

ratory symptoms that herald the onset of an acute exacerba-

tion using a telemedicine-based home management program

decreased the frequency and severity of COPD exacerbation

symptoms, which led to an improvement in daily symptom

control, lung function, and functional status. Future studies

are required to demonstrate if such programs will result in a

reduction in hospitalizations or improvement in mortality.
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