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Abstract

With the tremendous advances in cardiac pacing during the past four decades, cardiac pacemaker implantation is now a common clinical
procedure. In recent years, the indications for permanent pacemakers have expanded. This increase in reasons for pacing and shift in mode of
pacing have been caused by the evolution of pacemaker therapy from a life-saving measure (mortality), to one aimed at improving health-
related quality of life (HRQoL). Until now the efficacy of pacing therapy has predominantly been measured using “objective” criteria.
However, in recent years the importance of HRQoL as an outcome measure has increasingly been recognized as patients prefer quality over
quantity of life.

In this review we describe the development and testing of Aquarel, a new developed HRQoL questionnaire for pacemaker patients,
composed of a generic core module with disease specific add-ons. Current and future research to improve the Aquarel questionnaire is also

described.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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In the Netherlands there is an increased implantation rate
of cardiac pacemakers in patients of all ages over the past
decade (Fig. 1). This increase in the number of implanted
pacemaker-units and leads combined with a rising popula-
tion age contribute to an increase in hospitalisation, care and
follow-up. Until now the efficacy of pacing therapy has
predominantly been measured using clinical outcomes such
as improvement of prognosis, relief of symptoms, compli-
cations, technical failures and recalls. However, to evaluate
the full spectrum of outcome of pacemaker therapy patient
reported outcomes as well as clinical outcomes should be
measured. In recent years the importance of health-related
quality of life (HRQoL) as an outcome measure has
increasingly been recognized [1,2]. This has particular
relevance in cardiac pacing because the goal of therapy
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for most patients with chronic disease is improvement in
function, not cure [3]. These measures should be incorpo-
rated as one of the primary measures of outcome in the
evaluation of new therapies in chronic diseases including
cardiac pacing. Doing so, clinicians, patients, policy-
makers, health care providers and HRQoL researchers gain
experience with these measures.

To measure HRQoL, appropriate instruments should be
used and a large number of questionnaires has been
developed in the past two decades. However, in the field
of cardiac pacing until recently several instruments were
used to measure HRQoL that were not properly validated
and applied [4—17]. Consequently these HRQoL data should
be interpreted cautiously. HRQoL is typically measured
either in a generic or a specific way. Generic means that an
instrument gives information on several dimensions and is
useful for a variety of illnesses, diseases and different
(patient-) populations, allowing for comparison between
these (patient-) populations. Disease specific questionnaires
focus on dimensions most relevant for the disease under
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Fig. 1. Number of pacemaker implants 1984-2002 in the Netherlands, based on SPRN (Stitching Pacemaker Registratic Nederland) data.

study, or on patient characteristics frequently associated
with a certain illness or disease. For proper HRQoL
evaluation it is appealing to use a generic HRQoL
questionnaire as a core module, with a disease specific
module added to it. By doing so the advantages of generic
and disease-specific questionnaires are combined [2]. In this
way the measurements will be maximally valid and
responsive to changes in health status of pacemaker patients.
Furthermore, using a generic core comparisons can be made
with other patient populations and the general public.
Examples of questionnaires that have served as core module
to which a disease specific module is added are the SF-36
(Short-Form-36, see below) [18], the EORTC QLQ-C30
(European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire, an integrated system
for assessing the HRQoL of cancer patients participating in
international clinical trials) [19] and the FACIT (Functional
Assessment of Chronic Illness Therapy, a range of ques-
tionnaires that measure HRQoL for people with chronic
illnesses) [20].

The SF-36 has been derived from the work of the Rand at
Santa Monica during the 1970’s, and has become a standard
for measuring HRQoL [18,21]. It comprises 36 questions to
be scored on 3—6 point scales. In spite of its short length it
covers eight dimensions. It may be self-administered or used
in personal or telephone interviews. It is an instrument
which fulfils stringent criteria of reliability and validity, and
has been used in various cardiovascular settings, including
in patients with angina pectoris [22], aorta valve replace-
ment [23], intra-cardiac defibrillators [24], syncope [25],
radiofrequency catheter ablation [26], heart transplant [27],
cardiac rehabilitation [28], heart failure [29] hypertrophic
cardiomyopathy [30] and also once in pacemaker patients
[17]. To help estimate the overall HRQoL impact, summary
scores have been developed for some HRQoL instruments.
For example, physical and mental health composite scores
for the SF-36 are available [31]. Disease specific supple-
ments for the SF-36 have been developed for angina
pectoris [22], liver disease [32], kidney disease [33],

epilepsy [34], multiple sclerosis [35], smoking cessation
[36], prostate cancer [37], and duodenal ulcer patients [38].

In the area of cardiac disease, there is only one example
of a generic core module plus a disease specific add-on: the
APQLQ (Angina Pectoris Quality of Life Questionnaire)
[22]. Tt consists of the SF-36 as generic core and 5 AP
specific domains: physical abilities, symptoms, emotional
distress, patient complaints and life satisfaction.

The SF-36 covers several domains relevant for pacemaker
patients, but does not incorporate questions on cardiac
symptoms, which may limit sensitivity and responsiveness
in pacemaker patients. For assessment of disease specific
HRQoL in pacemaker patients, questionnaires developed for
other cardiovascular diagnosis (i.e. the APQLQ or the
Minnesota Living with Heart failure questionnaire for
congestive heart failure) cannot be used, simply because of
the differences in symptomatology and the consequent lack
of content validity [39]. The disease specific module should
qualify the following criteria: (1) cover a broad range of
symptoms often experienced by pacemaker patients, (2)
items organisable in multiple scales to aid interpretation, (3)
exist of no more than 20-30 items to limit patient burden, and
(4) of course be valid, reliable and responsive to change in
health. Development and validation of such a disease specific
module for pacemaker patients, to be added to the SF-36,
resulted in the Aquarel questionnaire [40,41].

1. Aquarel

The development of Aquarel consisted of several steps: a
preliminary version, based on existing questionnaires [2,42]
and interviews with patients, was tested for its psychometric
properties (structure, reliability, validity). The first full
version of Aquarel with 4 scales was then tested for
sensitivity to change. Based on these results, the cognition
scale was dropped. The final version of Aquarel consists of
20 short and clear formatted items, and only takes about 10
min to fill out. Aquarel comprises 3 scales: arrhythmia (5
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items), dyspnea and exertion (7 items) and chest discomfort
(8 items), appendix. The psychometric properties of this
questionnaire were shown to be satisfactory and suggest this
instrument to be valid and reliable [40,41]. The inter-scale
correlations within the Aquarel questionnaire as well as with
the SF-36-domains were moderate demonstrating their
individual value and distinctiveness. Repeatability or test—
retest reliability in stable patients was very acceptable on
group level as demonstrated by various techniques (intra-
class correlations from 0.8 to 0.91). However, it should be
recognized that the individual difference between test and
re-test without a relevant change in health can be up to 20
points, which limits the usefulness of this instrument for
evaluation of HRQoL in individual patients. However, this
limitation holds for many HRQoL-questionnaires as well as
for seemingly objective laboratory tests. The Aquarel met
the standards for internal consistency with scores varying
from 0.74 to 0.92. Analysis of the floor and ceiling effect
showed that the percentage of patients with the maximum
score was >20% in five scales of the SF-36 and in one scale
of the Aquarel, whereas two scales (role emotional and role
physical of the SF-36) had a high percentage of patients
attaining the minimum score, Table 1 [40].

The hypothesized scale structure was supported by the
data, demonstrating more impaired HRQoL with shorter
distances walked on the 6-min walk test and with higher
NYHA classification. The impact of cardiac pacing on
HRQoL was quite strong in the major HRQoL fields:
physical functioning and perceived health. A moderate
impact was seen on mental health and dyspnea and exertion.
The final questionnaire was composed as an eight domain
general profile and a three domain specific profile. No

Table 1
Scores distribution and scales reliability of the SF-36, Aquarel and the AP
specific profile

n Means of  SD % %
scores Floor  Ceiling

SF-36

Physical functioning 74 60.82 25.55 1.4 4.1
Social functioning 74 78.72 22.35 1.4 324
Role functioning, phys 74 52.03 43.15 297 37.8
Role functioning, emo 74 68.92 4141 203 59.5
Mental health 74 71.80 20.88 0 9.5
Vitality 74 62.59 21.78 0 5.4
Pain 74 78.96 24.50 1.4 459
General health 74 5783 22.21 1.4 97.0
Aquarel

Chest discomfort 74 8529 15.48 0 21.6
Dyspnea and exertion 74 64.03 20.37 0 6.8
Arrhythmia 74 80.95 16.40 0 18.9
APQLQ

APQLQ Index 170 65.54 20.51 0 0.6
Sleep 168 80.06 27.16 0.2 56.5
Sexual Activity 146 62.50 3842 158 41.1
Climatic conditions 166 78.92 25.07 0.1 56.8
Patients complaints 167  83.15 14.31 0 144

summary scores were calculated. It is not yet known whether
Aquarel scores can be used to generate a valid single index,
and this should be an item for additional testing and
development. An overall score of the SF-36 with the Aquarel
questionnaire is not desired because the possibility for
comparison with other populations is then eliminated. During
the validation process, Aquarel showed smaller standard
deviations than the SF-36. This might imply that Aquarel
cannot discriminate between different types of patients, as
smaller standard deviations suggest a reduced spread in
scores. However, in subsequent research the Aquarel
discriminated between populations with different disease
severity [43]. Therefore, the smaller standard deviations
imply that Aquarel will be able to measure smaller increments
in HRQoL than the SF-36.

2. Aquarel in trials

By using Aquarel in trials with pacemaker patients the
full spectrum of relevant outcomes can be shown. This is of
increasing importance since current FDA approval pro-
cesses for new devices are a compromise between (a) the
needs for expediency and encouraging innovation by the
medical device industry but most of all (b) the need to
ensure that new devices will contribute to improved patient
outcomes compared to current treatment strategies [44].

A major aspect of evaluative instruments is responsive-
ness, i.e. the ability to detect clinically relevant change [45].
One aspect of the responsiveness of Aquarel, namely the
sensitivity to change, was tested in two trials comparing
different pacing modes. In the first trial (RASTAF II),
preference of patients with atrial fibrillation (AF) for pacing
with a novel ventricular rate stabilization (VRS) algorithm, a
multi-center randomized crossover trial was tested [43]. It
showed that VRS promotes ventricular rhythm regularity in
AF without increasing mean heart rate. Patients with
paroxysmal AF had a preference for VRS pacing, but this
was not reflected by improved HRQoL scores on the SF-36
or Aquarel. A major cause for the lack of improvement in
HRQoL is that the patient population under study was
relatively well at baseline, leaving no or little room for
improvement.

In the second trial (OASES, overdrive atrial septal
stimulation multi-center trial), the effect of the pacing site
on AF burden reduction, during DAO (dynamic atrial
overdrive) pacing was evaluated [43]. It was shown that
atrial overdrive pacing in patients with class I or II
pacemaker indication and a history of atrial arrhythmia,
was effective in reducing AF burden, in patients on anti-
arrhythmic drugs. Lead positioning in the LAS (low right
atrial septum) was more effective than in the RAA (right
atrial appendage) in reducing AF burden. The reduction in
burden was most pronounced in AF of short duration (less
than 6 min). Baseline scores on the SF-36 and Aquarel
were lower (worse) compared to the scores in the RASTAF



380 M.A.M. Stofmeel et al. / International Journal of Cardiology 102 (2005) 377-382

Table 2

Baseline SF36 scores of AF patients

Baseline SF-36 OASES*® RASTAF II*? Jessurun®*  Bubien®* vdBerg® Gronefeld®®  Lonnerholm®  Erdogan’®
Type and number of patients ~ PAF n=255  All AF n=184 PAF n=41  All AF n=22  PAF n=73 CAF n=252  All AF n=48 PAF n=30
Physical functioning 42.6 60.2 56.4 34.1 76.6 61 66.0 55.3
Social functioning 56.4 68.0 56.3 41.1 78.1 72 63.1 44.7

Role functioning, phys 19.2 51.2 15.3 7.2 49.7 36 29.3 37.6

Role functioning, emo 33.7 64.5 59.3 28.3 64.9 61 51.7 58.8
Mental health 55.2 70.1 63.3 58.3 72.2 65 69.7 38.8
Vitality 50.6 50.2 40.8 243 55.1 47 47.0 36.5

Pain 60.4 70.8 83.5 45.0 81.1 68 68.8 58.8
General health 51.0 529 54.4 48.0 59.6 49 54.6 45.9

PAF=paroxysmal AF, CAF=chronic AF, All AF=paroxysmal and chronic AF.

IT trial. HRQoL improved on all Aquarel scales and on all
scales of the SF-36 (except vitality) in both RAA and LAS
patients, when the atrial overdrive pacing algorithm was
enabled in spite of the elevation of the mean heart rate.
The largest improvement in SF-36 domains was seen in
pain, social functioning and physical functioning. How-
ever, the improvements, expressed as effect sizes, were
larger for the Aquarel scales, which indicates the higher
sensitivity to change of the Aquarel questionnaire com-
pared to the SF-36.

The overall HRQoL improved after implantation of
either type of pacemaker. However, no improvement in
HRQoL was shown for VRS pacing in the patients of the
RASTAF 1I trial, although patients with paroxysmal AF
preferred VRS-on. In the OASES study an important
improvement in HRQoL was measured during DAO,
especially in the LAS patients. This might be due to
inclusion of relatively different patients regarding HRQoL,
also compared to other studies in patients with AF, Table 2.

Despite the fact that Aquarel discriminates between
different patient populations, it does show ceiling effects.
In the RASTAF II study, there was little room for improve-
ment in HRQoL scores due to ceiling effects on the Aquarel
as well as the SF-36. Still, in the Aquarel questionnaire this
appears to be less outspoken, supporting the possible additive
value of the Aquarel questionnaire. Patients in the OASES
study showed much more impaired scores at baseline.

3. Aquarel in the future

Future research to improve the Aquarel questionnaire
holds several challenges, such as the interpretation of
observed change, an aspect of responsiveness. The one
standard error of measurement values were calculated for
each Aquarel scale; this is a proxy for clinical relevant change
in health from the statistical point of view [46]. It would be
interesting to know what change in HRQoL scores is
clinically relevant for patients or clinicians. For instance,
how many points do the HRQoL scores have to increase
before the clinician registers an increase in NYHA classi-
fication, or, how much change is needed before patients
regard themselves as improved or deteriorated.

Another issue is whether attempts should be made to
eliminate the ceiling effects that Aquarel suffers from. This
may be done by adding items to the questionnaire with
particular discrimination in the higher scoring regions.
However, the difference in SF-36 scores with the general
population was already small in the RASTAF II population,
so it questionable whether this will really attribute to a better
performance of Aquarel.

Finally, current research is conducted to examine the
need for forward and backward translation. Since the
Aquarel questionnaire comprises mostly questions on
symptoms, which are supposedly less influenced by culture,
forward translation may be sufficient, without backward
translation and resolving differences. In three languages
(English, Serbian and French) the differences in HRQoL
scores on Aquarel between single translated and forward
and backward translated are tested. Furthermore, a study is
on its way to assess the responsiveness of Aquarel to
increased finetuning of pacemakers.

4. Conclusion

Patients with sinus node dysfunction, atrioventricular
block or other bradyarrhythmias are, prior to pacemaker
implantation, willing to exchange 5 years of pre-implant
health for approximately 4 years in perfect health [47]. This
indicates that patients prefer quality of life over quantity of
life. In this perspective potential improvement in HRQoL is
a critically important outcome measure in clinical trials of
cardiac pacing and should be incorporated together with the
more traditional outcomes of morbidity, mortality and
outcomes of diagnostic test like echocardiography, or
treadmill exercise capacity. Trials of interventions must
show that the observed changes in these outcome measures
due to these medical interventions are important and
substantial enough to warrant further consideration in
medical practice and policy planning [48].

To assess HRQoL in cardiac pacing as well as possible,
Aquarel can be used in addition to the SF-36. When
prospective randomized trials do not show clinical improve-
ment but do show increased HRQoL scores on this instru-
ment, a new device or therapy may be approved based on



M.A.M. Stofineel et al. / International Journal of Cardiology 102 (2005) 377-382 381

such results. Further research is needed to demonstrate the
links among medical interventions, clinical and psycholog-
ical changes and HRQoL. In this way the practising clinician
can better understand the clinical implications of these
measures and health care planners can use them in setting
priorities. However, it should be recognized that HRQoL
scores are group scores making it hard to predict on
individual level which patient will profit most by a certain
pacing therapy. Documentation of the possible salutary
effects of pacing therapies on HRQoL, using Aquarel, will
provide more evidence of the value of medical care that is
increasingly demanded by sceptical payers and by the public.

Appendix A (continued)

7. Do you get short of breath ~ never
while walking upstairs or uphill? ~ seldom
~ not short of breath ~ once in awhile
~ very mildly short of breath ~ often
~ mild short of breath ~ continuously

~ moderate short of breath
~ extreme short of breath

18. Do you feel tired and
exhausted after a night’s sleep?

8. Do you get short of breath while ~ never

walking quickly on level ground? ~ seldom
~ not short of breath ~ once in awhile
~ very mildly short of breath ~ often

~ mild short of breath

~ moderate short of breath

~ extreme short of breath

9. Do you get short of breath while

~ continuously

19. Have you been restricted
in your daily activities due to
tiredness or lack of energy?

Appendix A. Aquarel—final version

walking on level ground at the
same pace as people usually
do at your age?

~ extremely restricted
~ very restricted
~ moderately restricted

1. Have you felt discomfort
in the chest?

~ no discomfort at all

~ very mild discomfort

~ mild discomfort

~ moderate discomfort

~ great discomfort

2. Do you get chest discomfort
while walking upstairs or uphill?

~ no discomfort

~ very mild discomfort

~ mild discomfort

~ moderate discomfort

~ severe discomfort

3. Do you get chest discomfort
while walking quickly on
level ground?

~ no discomfort

~ very mild discomfort

~ mild discomfort

~ moderate discomfort

~ severe discomfort

4. Do you get chest discomfort
while walking on level ground
at the same pace as people
usually do at your age?

~ no discomfort

~ very mild discomfort

~ mild discomfort

~ moderate discomfort

~ severe discomfort

5. Have you been restricted by
chest discomfort during
physical exercise?

~ not restricted at all

~ slightly restricted

~ moderately restricted

~ very restricted

~ extremely restricted

11. Have you been out of
breath at rest?

~ not out of breath

~ slightly out of breath

~ moderately out of breath
~ very out of breath

~ extremely out of breath
12. Do you awake when
sleeping due to shortness
of breath?

~ never

~ seldom

~ once in awhile

~ often

~ continuously

13. Did you have swollen
ankles?

~ never

~ seldom

~ once in awhile

~ often

~ continuously

14. Have you suffered from
an irregular heartbeat?

~ never

~ seldom

~ once in awhile

~ often

~ continuously

15. Have you suffered from
heart pounding?

~ never

~ seldom

~ once in a while

~ often

~ continuously

16. Have you suffered from
pounding in the neck

or abdomen?

6. Have you experienced chest ~ never
discomfort at rest? ~ seldom
~ no discomfort ~ once in awhile
~ very mild discomfort ~ often
~ mild discomfort ~ continuously
~ moderate discomfort 17. Have you felt close to
~ severe discomfort fainting?

~ not short of breath

~ very mildly short of breath
~ mild short of breath

~ moderate short of breath

~ slightly restricted

~ not restricted at all

20. Did you have to sit or lie
down during the day to rest?

~ extreme short of breath ~ never

10. Have you been restricted ~ seldom
by breathlessness during ~ once in a while
physical exercise? ~ often

~ not restricted at all ~ continuously

~ slightly restricted

~ moderately restricted
~ very restricted

~ extremely restricted

Scale chest discomfort: items 1, 2, 3, 4, 5, 6, 11, 12.
Scale dyspnea and exertion: items 7, 8, 9, 10, 18, 19, 20.
Scale arrhythmias: items 13, 14, 15, 16, 17.

References

[1] van Hemel NM. Pacemakers and quality of life. Eur J Card Pacing
Electrophysiol 1993;1:27-8.

[2] Linde C. How to evaluate quality of life in pacemaker patients:
problems and pitfalls. Pacing Clin Electrophysiol 1996;19:391-7.

[3] Wenger NK, Mattson ME, Furberg CD, Elinson J. Assessment of
quality of life in clinical trials of cardiovascular therapies. Am J
Cardiol 1984 (1-10);54:908—13.

[4] Perrins EJ, Morley CA, Chan SL, Sutton R. Randomised controlled trial
of physiological and ventricular pacing. Br Heart J 1983;50:112—7.

[5] Kristensson BE, Arnman K, Smedgard P, Rydén L. Physiological
versus single-rate ventricular pacing: a double-blind cross-over study.
Pacing Clin Electrophysiol 1985;8:73 -84.

[6] Rediker DE, Eagle KA, Homma S, Gillam LD, Harthorne JW. Clinical
and haemodynamic comparison of VVI versus DDD pacing in
patients with DDD pacemakers. Am J Cardiol 1988;61:323-9.

[7] Yee R, Benditt DG, Kostuk WJ, Ko PT, Purves P, Klein GJ.

Comparative functional effects of chronic ventricular demand and

atrial synchronous ventricular inhibited pacing. Pacing Clin Electro-

physiol 1984;7:23-8.

Mitsuoka T, Kenny RA, Yeung TA, Chan SL, Perrins JE, Sutton R.

Benefits of dual chamber pacing in sick sinus syndrome. Br Heart J

1988;60:338-47.

Bubien RS, Kay GN. A randomized comparison of quality of life and

exercise capacity with DDD and VVIR pacing modes. Pacing Clin

Electrophysiol 1990;13:524.

8

[t

[9

[}



382 M.A.M. Stofmeel et al. / International Journal of Cardiology 102 (2005) 377-382

[10] Oldroyd KG, Rae AP, Carter R, Wingate C, Cobbe SM. Double-blind
crossover comparison of the effects of dual chamber pacing (DDD)
and ventricular rate adaptive (VVIR) pacing on neuroendocrine
variables, exercise performance, and symptoms in complete heart
block. Br Heart J 1991;65:188—-93.

Hummel J, Barr E, Hanich R, McElroy B, Brinker J. DDDR pacing is

better tolerated than VVIR in patients with sinus node disease. Pacing

Clin Electrophysiol 1990;13:504.

Menozzi C, Brignole M, Moracchini PV, Lolli G, Bacchi M, Tesorieri

MC, et al. Intrapatient comparison between chronic VVIR and DDD

pacing in patients affected by high degree AV block without

heartfailure. Pacing Clin Electrophysiol 1990;13:1816-22.

Linde-Edelstam C, Nordlander R, Undén A, Orth-Gomér K, Rydén L.

Quality-of-life in patients treated with atrioventricular synchronous

pacing compared to rate modulated ventricular pacing: a long-term,

double-blind, crossover study. Pacing Clin Electrophysiol 1992;15:

1467-176.

Sulke N, Chambers J, Dritsas A, Sowton E. A randomised double-

blind cross over comparison of four rate responsive pacing modes. J

Am Coll Cardiol 1991;17:696—706.

[15] Lau CP, Tai YT, Lee PWH, Cheung B, Tang MO, Lam WK. Quality
of life in DDDR pacing: atrioventricular synchrony or rate adaptation?
Pacing Clin Electrophysiol 1994;17:1838—-43.

[16] Lukl J, Doupal V, Heinc P. Quality-of-life during DDD and dual
sensor VVIR pacing. Pacing Clin Electrophysiol 1994;17:1844-8.

[17] Lamas GA, Orav EJ, Stambler BS, Ellenbogen KA, Sgarbossa EB,
Huang SK, et al. Quality of life and clinical outcomes in elderly
patients treated with ventricular pacing as compared with dual-
chamber pacing. Pacemaker Selection in the Elderly Investigators. N
Engl J Med 1998 (16-4);338:1097—104.

[18] Ware JE, Sherbourne CD. The MOS 36-item short-form health survey

(SF-36). Conceptual framework and item selection. Med Care

1992;30:473-81.

Sprangers MA, Cull A, Bjordal K, Groenvold M, Aaronson NK. The

European Organization for Research and Treatment of Cancer.

Approach to quality of life assessment: guidelines for developing

questionnaire modules. EORTC Study Group on Quality of Life. Qual

Life Res 1993;2:287-95.

[20] Webster K, Cella D, Yost K. The Functional Assessment of Chronic
Illness Therapy (FACIT) Measurement System: properties, applica-
tions, and interpretation. Health Qual Life Outcomes 2003;1:79.

[21] Brazier JE, Harper R, Jones NM, O’Cathain A, Thomas KJ, Usherwood
T, et al. Validating of the SF-36 health survey questionnaire: new
outcome measure for primary care. Br Med J 1992;305:160—4.

[22] Marquis P, Fayol C, Joire JE. Clinical validation of a quality of life
questionnaire in angina pectoris patients. Eur Heart J 1995;16:
1554-60.

[23] Tseng EE, Lee CA, Cameron DE, Stuart RS, Greene PS, Sussman
MS, et al. Aortic valve replacement in the elderly. Risk factors and
long-term results. Ann Surg 1997;225:793—-802.

[24] Dubin AM, Batsford WP, Lewis RJ, Rosenfeld LE. Quality of life in
patients receiving implantable cardioverter defibrillators at or before
age 40. Pacing Clin Electrophysiol 1996;19:1555-9.

[25] Sheldon R, Koshman ML, Wilson W, Kieser T, Rose S. Effect of dual-
chamber pacing with automatic rate-drop sensing on recurrent
neurally mediated syncope. Am J Cardiol 1998 (15-1);81:158—62.

[26] Bathina MN, Mickelsen S, Brooks C, Jaramillo J, Hepton T, Kusumoto

FM. Radiofrequency catheter ablation versus medical therapy for initial

treatment of supraventricular tachycardia and its impact on quality of

life and healthcare costs. Am J Cardiol 1998 (1-9);82:589—-93.

Rector TS, Ormaza SM, Kubo SH. Health status of heart transplant

recipients versus patients awaiting heart transplantation: a preliminary

evaluation of the SF-36 questionnaire. J Heart Lung Transplant 1993;

12:983-6.

Jette DU, Downing J. Health status of individuals entering a cardiac

rehabilitation program as measured by the medical outcomes study

36-item short-form survey (SF-36). Phys Ther 1994;74:521-7.

—
—
ja—

—

[2

—

[13

[t}

[14

=

[19

[}

[27

—

[28

=

[29] Chin MH, Goldman L. Gender differences in 1-year survival and
quality of life among patients admitted with congestive heart failure.
Med Care 1998;36:1033—-46.

[30] Cox S, O’Donoghue AC, McKenna WIJ, Steptoe A. Health related
quality of life and psychological wellbeing in patients with hyper-
trophic cardiomyopathy. Heart 1997;78:182—7.

[31] Ware Jr JE, Kosinski M, Bayliss MS, McHorney CA, Rogers WH,
Raczek A. Comparison of methods for the scoring and statistical
analysis of SF-36 health profile and summary measures: summary of
results from the Medical Outcomes Study. Med Care 1995;33:
AS264-79.

[32] Gralnek IM, Hays RD, Kilbourne A, Rosen HR, Keeffe EB, Artinian
L, et al. Development and evaluation of the Liver Disease Quality of
Life instrument in persons with advanced, chronic liver disease—the
LDQOL 1.0. Am J Gastroenterol 2000;95:3552—65.

[33] Hays RD, Kallich JD, Mapes DL, Coons SJ, Carter WB. Development
of the kidney disease quality of life (KDQOL) instrument. Qual Life
Res 1994;3:329-38.

[34] Devinsky O, Vickrey BG, Cramer J, Perrine K, Hermann B, Meador
K, et al. Development of the quality of life in epilepsy inventory.
Epilepsia 1995;36:1089—104.

[35] Vickrey BG, Hays RD, Harooni R, Myers LW, Ellison GW. A health-
related quality of life measure for multiple sclerosis. Qual Life Res
1995;4:187-206.

[36] Olufade AO, Shaw JW, Foster SA, Leischow SJ, Hays RD, Coons SJ.
Development of the Smoking Cessation Quality of Life questionnaire.
Clin Ther 1999;21:2113-30.

[37] Litwin MS, Hays RD, Fink A, Ganz PA, Leake B, Brook RH. The
UCLA Prostate Cancer Index: development, reliability, and validity of
a health-related quality of life measure. Med Care 1998;36:1002—12.

[38] Martin C, Marquis P, Bonfils S. A ‘quality of life questionnaire’
adapted to duodenal ulcer therapeutic trials. Scand J Gastroenterol
Suppl 1994;206:40-3.

[39] Middel B, Bouma J, de Jongste M, van Sonderen E, Niemeijer MG,
Crijns H, et al. Psychometric properties of the Minnesota Living
with Heart Failure Questionnaire (MLHF-Q). Clin Rehabil
2001;15:489-500.

[40] Stofmeel MA, Post MW, Kelder JC, Grobbee DE, van Hemel NM.
Changes in quality-of-life after pacemaker implantation: responsive-
ness of the Aquarel questionnaire. Pacing Clin Electrophysiol
2001;24:288-95.

[41] Stofmeel MA, Post MW, Kelder JC, Grobbee DE, van Hemel NM.
Psychometric properties of Aquarel; a disease-specific quality of life
questionnaire for pacemaker patients. J Clin Epidemiol 2001;54:
157-65.

[42] Rose GA, Blackburn H. Survey questionnaires. In: Rose GA,
Blackburn H, editors. Cardiovascular survey methods. Geneva: World
Health Organization; 1968. p. 1—188.

[43] Stofmeel, MAM. Health related quality of life in pacemaker patients.
2004;1-157. University of Utrecht.

[44] Chen L, Keane AT, Every NR. The Food and Drug Administration
and atrial defibrillation devices. Am J Manag Care 1999;5:899—909.

[45] Terwee CB, Dekker FW, Wiersinga WM, Prummel MF, Bossuyt PM.
On assessing responsiveness of health-related quality of life instru-
ments: guidelines for instrument evaluation. Qual Life Res 2003;12:
349-62.

[46] Wyrwich KW, Nienaber NA, Tierney WM, Wolinksy FD. Linking
clinical relevance and statistical significance in evaluating intra-
individual changes in health-related quality of life. Med Care
1999;37:469-78.

[47] Lopez-Jimenez F, Goldman L, Orav EJ, Ellenbogen K, Stambler B,
Marinchak R, et al. Health values before and after pacemaker
implantation. Am Heart J 2002;144:687—-92.

[48] Testa, MA. Interpretation of quality-of-life outcomes: issues that affect
magnitude and meaning. Med Care 2000;38:11166—74.



	The relevance of health related quality of life in paced patients
	Aquarel
	Aquarel in trials
	Aquarel in the future
	Conclusion
	Aquarel-final version
	References


