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Summary

We developed an instrument to measure the satisfaction of lung transplant recipients with home
monitoring. The survey comprised 15 items, each scored on a five-point Likert-type scale (from
strongly disagree to strongly agree). Three additional free-text items enabled subjects to provide
comments. The survey had a scoring range of 15-75. In a test group of 43 patients, the internal
consistency (Cronbach’s alpha) was 0.93 overall for all questions. The intra-class correlation for
scores from the same 27 patients approximately 2.5 months apart was 0.77 for the total score. The
survey was used to evaluate subject satisfaction in a randomized controlled trial of a computerized
algorithm for triaging lung transplant recipients. Surveys were mailed to 50 study subjects and
were returned by 32 (64% return rate). Ninety percent of respondents were satisfied with the home
monitoring programme and would recommend it to other patients.

Introduction

There are few patient satisfaction survey instruments for evaluating spirometery in
telemonitoring. The Telemedicine Perception Questionnaire (TMPQ), the Telemedicine
Satisfaction and Usefulness Questionnaire (TSUQ) and the Telemedicine Satisfaction

Survey (TSQ) are examples of telemedicine satisfaction surveys that have been validated and

used to study general telemedicine applications.1~3 However, they do not provide

information about using spirometry for remote monitoring of lung transplant recipients. The

reliability and validity of a questionnaire for lung transplant patients were reported by
DeVito Dabbs et al., but the questionnaire focused on symptoms and their effect on the

Correspondence: Professor Stanley M Finkelstein, Laboratory Medicine and Pathology, MC 609, University of Minnesota,
Minneapolis MN 55455, USA, Fax: +1 612 625 7166; stan@umn.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Finkelstein et al.

Methods

Page 2

recipient’s activities rather than the use of the monitoring programme to track clinical
status.*

We have therefore developed a Remote Monitoring Satisfaction Survey (RMSS). It was used
to evaluate subject satisfaction in a randomized controlled trial of a computerized algorithm
for triaging lung transplant recipients who might need direct clinical assessment and
intervention.

The guidelines outlined by Demiris were followed in developing the survey instrument.®
Potential satisfaction questions were compiled from the literature and reviewed for
inclusion. Items were adapted from the Department of Veteran’s Affairs Telemedicine
Provider Satisfaction Survey Data Bank, the American Telemedicine Association Home
Telehealth Satisfaction Item Bank, the Telemedicine Perception Questionnaire, the Patient
Satisfaction Questionnaire PSQ-18 and from our research experience in using remote
monitoring of lung function with lung transplant recipients,.6-8

Items were selected to evaluate three elements of remote monitoring: the equipment, the
programme personnel and the overall programme. The final version of the satisfaction
survey comprised 15 items, each scored on a five-point Likert-type scale (from strongly
disagree to strongly agree). Three additional free-text items enabled subjects to provide
comments. These additional questions enquired about the participants’ reasons for utilizing
home spirometry, for not using home spirometry and miscellaneous comments regarding the
home telehealth programme. The survey instrument was written at a sixth grade reading
level based on the Flesch-Kincaid Readability Index.® The survey is available from the
authors.

Validity and reliability

Validity was determined by the content, face and criterion validity. Content validity indicates
how the items in the survey cover the range of topics thought to be addressed by the
instrument. Content validity was based on the sources of the survey items and the judgement
of the research team. Face validity indicates the degree to which the instrument appears to
measure what it is intended to measure. Face validity was assessed by the research team and
through informal discussions with study participants. Criterion validity relates survey scores
to objective performance measures. Criterion validity was assessed by the correlation
between actual home monitoring adherence and self-reported adherence.

Reliability was measured by internal consistency and repeatability. Internal consistency
reflects the consistency of responses across all items and within each of the three subscales
of the survey. Internal consistency was evaluated by Cronbach’s alpha. Repeatability was
measured by the test-retest reliability. This was based on the intra-class correlation between
two surveys sent to the same participants in the survey development group (see below)
approximately 2.5 months apart.
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Psychometric properties

To determine the psychometric properties of the RMSS, the instrument was sent to 50
patients participating in a clinical home spirometry monitoring programme. Survey
instruments were mailed to patients’ home addresses along with stamped self-addressed
envelopes for returning the completed surveys. Surveys were identified by study number
with no further subject identification. Completed surveys were returned to the researchers
and not to the patients’ clinical coordinators to preserve anonymity and minimize the
potential for biased responses. A coded demographic information sheet was also included
with the mailings to the survey development group to ascertain the number of years since
their transplant (less than 1 year, 1-2 years, 3—4 years, or 5 or more years), frequency of
doing home spirometry (daily/almost daily, several times a week, once a week, rarely or
none), age (21-35 years, 36-50 years, 51-65 years, 66 years or older), gender and education
(high school, beyond high school). The study was approved by the appropriate ethics
committee and all participants provided informed consent.

Nurse triage study

Results

Once the validity and reliability of the survey had been established, it was used to assess the
satisfaction of participants in a remote monitoring nurse triage study. In this study, lung
transplant recipients were randomized into control and intervention groups. Subjects in both
arms of the study used an electronic spirometer diary device (TransViva Home Spirometer,
Minneapolis, MN, USA). Satisfaction surveys were mailed to 50 of the 68 participants at the
conclusion of the study. Demographic information was collected from study records for the
nurse triage study subjects. The study was approved by the appropriate ethics committee.

Demographic information from the survey development group and the nurse triage study
group is summarised in Table 1. Many of the patients in the survey development group were
in the clinical home spirometry programme for 5-10 years, while the subjects in the nurse
triage study group participated for a maximum of four years. Thus there was a difference in
time since transplant between subjects in the two groups. There was also a difference in age
distribution between the survey development group (75% were >50 years old) and the nurse
triage study group (86% were >50 years old).

Validity and reliability

The survey demonstrated content, face and criterion validity based on the sources of the
survey items, the judgement of the research team, and the high correlation (0.87) between
home monitoring adherence from self-reports and clinical records.

For the survey development testing group, the internal consistency (Cronbach’s alpha) was
0.93 overall for all questions. It was 0.84 for the equipment/technical questions, 0.80 for the
personnel/communication questions and 0.90 for the programme evaluation questions, see
Table 2.
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The intra-class correlation for scores from the same 27 patients approximately 2.5 months
apart was 0.77 for the total score; it was 0.66 for the equipment subscale, 0.67 for the
personnel subscale (excluding question 9 on physicians’ interest in home monitoring results)
and 0.50 for the programme evaluation subscale. The intra-class correlation for question 9
was 0.57. An intra-class correlation greater than 0.75 is considered to represent excellent
agreement beyond chance and values less than 0.40 represent poor agreement. Values
between 0.40 and 0.75 are considered to represent fair to good agreement.10

Psychometric properties

The RMSS has a scoring range of 15-75. If all responses were one (strongly disagree) the
score would be 15, and if all responses were five (strongly agree) the score would be 75.
There were no significant correlations between survey scores and time since transplant,
frequency of home spirometry, age and education in each group. Only gender showed a
significant difference in satisfaction scores (£ = 0.029), with males tending to score higher
than females in the survey development group, reflecting greater satisfaction.

Nurse triage study

Surveys were returned by 32 subjects (64% return rate). Survey responses for individual
survey items ranged from 79% to 100% in the agree/strongly agree categories for all items,
with two exceptions (see Table 3). Only 61% of subjects replied that they believed that their
doctor was interested in reviewing their home spirometry tests. Replies to the staff-focused
communication questions ranged from 90% to 100%, showing overall high levels of
satisfaction regarding participant communications with programme nurses. Only 65% of
respondents reported that the spirometer was reliable; 16% thought the spirometer was not
reliable. This is in approximate agreement with staff observations regarding the number of
device related problem calls that were handled during the study. Ninety percent of
respondents were satisfied with the home monitoring programme and would recommend it
to other patients if it were available as part of post-transplant care.

Discussion

Several lung transplant programmes have investigated using home spirometry to provide
early indications of potential clinical problems in their lung recipients.}1-14 Most use home
spirometry when scheduled clinic visits or patient self-report indicates the onset of a
deteriorating condition. In the nurse triage clinical trial, only 61% of participants believed
that their doctor was interested in reviewing their home spirometry tests. This may affect the
future feasibility of home monitoring programmes. Patient perceived indifference of their
health-care providers to their clinical information has the potential to adversely influence a
patient’s adherence to the data collection and transmission processes on which home
monitoring depends. This was in contrast to participants’ perceptions regarding interactions
with the home spirometry staff, primarily the project research nurses. The study nurses were
in regular contact with study participants, which was reflected in a high satisfaction rating
for study related communications. This level of communication between nurses and patients
may not occur as consistently in clinic settings. In a discussion on facilitators and barriers to
adherence with a very similar home monitoring protocol, Sabati ef a/. reported that
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encouragement by the patients’ health-care professionals was an important facilitator of
adherence.1®

Only 65% of respondents rated their spirometer as reliable and some (16%) thought their
spirometers were not reliable. The difficulties included actual spirometer component
problems such as screen, power supply and data transmission failures, as well as telephone
line and data centre problems not directly related to the spirometer. In most cases the
problems were resolved during a telephone conversation with the participant, or by replacing
the equipment. Despite rapid resolution, such inconveniences were generally viewed as a
system failure. Sabati et al. reported that non-adherent subjects in their study noted that both
slow replacement of supplies and device problems prompted them to stop using their units.1>
Device failures may also undermine patients’ broader confidence in their clinical care.

Earlier estimates of patient satisfaction with telehealth (e.g. videoconferencing, virtual visits,
and remote monitoring) were high, frequently in the 80-100% range.216:17 A variety of
problems in telemonitoring programmes have the potential to lead to poorer satisfaction.
Some of the major patient concerns with telehealth programmes and remote monitoring
include privacy and confidentiality, lack of face-to-face contact and technical concerns.18:19
Studies have shown that low patient satisfaction with health-care services reduces adherence
with medical advice, service utilization and the relationship between patient and
provider.20-21 |t is likely that patient satisfaction is important in contributing to the overall
success of home monitoring for lung transplant recipients. The judicious use of satisfaction
surveys in the course of home monitoring programmes may serve as a screening mechanism
to indicate when problems are emerging.

Despite the positive satisfaction scores for telehealth reported in the literature, there are
concerns about the overall generalizability of the findings.2:17:2223 These concerns include
study sample sizes, subject selection, psychometric testing of the satisfaction instruments
and study duration. The nature of our study and the limited sample size in the nurse triage
study also limits the generalizability of our findings. Potential bias in subject selection was
not a problem since all transplant recipients who were able and willing were candidates for
study participation. Many studies collect satisfaction data at the study onset and after a short
study period, thus confounding the sense of satisfaction with the novelty of using a new
device/system not yet available to the general public. This should not be a concern in the
nurse triage study, where subjects used the monitoring system for more than two years
before satisfaction was measured at each subject’s conclusion of study participation. This
survey may also be useful in studies of patients with other respiratory problems, who may
require regular frequent pulmonary monitoring. The availability of a new valid and reliable
satisfaction instrument focused on patient-dependent remote monitoring applications may
also be useful for assessing other remote monitoring devices.
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Table 1

Demographic information. The P values for time since transplant and age were derived from the Wilcoxon
rank sum test; the others were based on Fisher’s exact test

Survey development group n =43  Nursetriagestudy groupn=32 Pvalue

Time since transplant (years)
<1l
1-2
3-4
5 or more

Frequency of home spirometry
Daily/almost daily
Several times a week
Once a week
Rarely/never

Age (years)
21-35
36-50
51-65
66 or more

Gender
Female
Male

Education
High School
Beyond High School

24
12

15

24

20

23

14
20

<0.001

15
17

0.32

20

0.65
13
19

0.79

17
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Table 2
Item analysis for Cronbach’s alpha
Mean of Variance of
total score  total scoreif
Question if deleted deleted Item-total correlation  Alphaif deleted
Spirometer concerns
The spirometer is easy to use 58.3 58.7 0.64 0.92
The spirometer display is easy to read 58.6 56.0 0.66 0.92
The spirometer is reliable and has few technical problems 58.6 56.4 0.68 0.92
| received adequate training in using my home spirometer 58.4 59.0 0.62 0.92
The spirometer gives me accurate test results 58.8 59.9 0.38 0.93
If technical problems occur, the staff are quick to respond and fix ~ 58.4 58.2 0.67 0.92
the problems
The amount of time it takes to complete my daily home 58.7 57.5 0.57 0.92
spirometry is acceptable
Communications/interactions
The home monitoring staff are responsive to my questions and 58.3 57.0 0.72 0.92
concerns
My doctors are interested in reviewing my home spirometry tests ~ 58.9 56.8 0.39 0.93
| am satisfied with amount of communication | receive from the 58.5 55.0 0.75 0.92
home monitoring staff
| am satisfied with the quality of my interactions with the home 58.3 56.4 0.78 0.92
spirometry staff
Programme evaluation
| am satisfied with the home spirometry monitoring programme 58.5 56.1 0.83 0.92
Doing home spirometry makes me feel more secure in detecting 58.6 55.5 0.75 0.92
problems with my lungs
Home spirometry allows me to stay better connected to my 58.7 55.3 0.72 0.92
health-care providers
1 would recommend using home spirometry to other patients 58.5 55.1 0.80 0.92
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