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Pacemaker implantation and quality of life in the Mode

Selection Trial (MOST)

Kirsten E. Fleischmann, MD, MPH,? E. John Orav, PhD,? Gervasio A. Lamas, MD,¢
Carol M. Mangione, MD, MSPH,¢ Eleanor Schron, MS, RN,® Kerry L. Lee, PhD, Lee Goldman, MD, MPH?

From the “Department of Medicine, the University of California, San Francisco, San Francisco, California, *Department
of Medicine, Brigham and Women’s Hospital and Harvard Medical School, Boston, Massachusetts, “Division of
Cardiology, Mount Sinai Medical Center, Miami Heart Institute, Miami Beach, Florida, “Department of Medicine, David
Geffen School of Medicine at University of California, Los Angeles, California, *National Heart, Lung, and Blood
Institute, Bethesda, Maryland, and "Duke Clinical Research Institute and Duke University School of Medicine, Durham,

North Carolina.

BACKGROUND Dual-chamber pacemakers restore AV synchrony
compared with ventricular pacemakers, but the effects on health-
related quality of life (QOL) are uncertain.

OBJECTIVES The purpose of this study was to assess the effect of
pacemaker implantation, clinical factors, and pacing mode on
QOL.

METHODS The Mode Selection Trial (MOST) randomized 2,010
patients with sinus node dysfunction to rate-modulated right
ventricular (VVIR) or dual-chamber (DDDR) pacing. A longitudinal
analysis of serial QOL measures (Short Form-36 [SF-36], Specific
Activity Scale, and time trade-off utility) was performed. In pa-
tients who crossed over from VVIR to DDDR because of severe
pacemaker syndrome, the last known QOL prior to crossover was
carried forward.

RESULTS Pacemaker implantation resulted in substantial im-
provement in almost all QOL measures. Subjects 75 years or older
experienced significantly less improvement in functional status
and physical component summary scores than did younger sub-

jects. In longitudinal analyses of the effect of pacing mode on
QOL, significant improvement in three SF-36 subscales was ob-
served with DDDR pacing compared with VVIR pacing: role physical
[62.8 points (95% confidence interval [CI] 60.2, 65.5) vs 56.4
(95% CI 53.7, 59.1)], role emotional [85.0 (95% CI 82.9, 87.0) vs
81.9 (95% CI 79.9, 84.0)], and vitality [51.8 (95% CI 50.3, 53.3)
vs 49.3 (95% (I 47.8, 50.7)], but not in other SF-36 subscales, the
Specific Activity Scale, or utilities. The gains in QOL were larger
than the declines associated with 1 year of aging but smaller than
those associated with heart failure.

CONCLUSION Pacemaker implantation improved health-related
QOL. The mode selected was associated with much smaller, but
significant, improvements in several domains, particularly role
physical function.

KEYWORDS Pacemakers; Pacing; Sinoatrial node; Arrhythmia

(Heart Rhythm 2006;3:653-659) © 2006 Heart Rhythm Society.
All rights reserved.

Dual-chamber pacemakers have the potential for pre-
serving physiologic AV synchrony compared with single-
chamber ventricular pacemakers in patients with sick sinus
syndrome.' Although large, randomized trials of pacing
mode have demonstrated no significant differences in mor-
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tality,” some studies have demonstrated a reduction in

adverse events such as atrial fibrillation, heart failure, and
pacemaker syndrome. In addition, some, but not all, studies
have suggested improvement in aspects of health-related
quality of life (QOL) in patients assigned to dual-chamber
pacing.>*

Health-related QOL is an important metric of the effi-
cacy of treatment, particularly in assessing treatments that
do not clearly influence survival, and especially in older
patients likely to suffer from sick sinus syndrome. There-
fore, we collected and analyzed serial QOL in the Mode
Selection Trial (MOST), a large trial of patients with sick
sinus syndrome who were randomized to dual-chamber,
rate-modulated (DDDR) or single-chamber, rate-modulated
ventricular (VVIR) pacing’ to assess the effect of pace-
maker implantation, clinical factors, and mode on QOL. We
hypothesized that dual-chamber pacing would be associated
with greater improvement in QOL after pacemaker implan-
tation. Partial results from the QOL data in MOST have
been published.? This report expands on prior publications
by including analyses of the effect of (1) pacemaker im-

doi:10.1016/j.hrthm.2006.02.1031
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plantation on QOL in clinically important subgroups within
the trial, (2) clinical factors on serial QOL, (3) pacing mode
on QOL using adjudicated crossovers for severe pacemaker
syndrome, and (4) performing analyses both with and with-
out carrying forward QOL measurement after adjudicated
crossover. This study also places the magnitude of the
observed changes in QOL in context with other common
events, such as aging, and with chronic disease, such as
heart failure.

Methods

MOST randomized 2,010 patients with sick sinus syndrome
to VVIR or DDDR pacing between 1995 and 1999.% Fol-
low-up for clinical outcomes occurred four times during the
first year and twice per year thereafter and ended in January
2001. Enrollment and data collection have been outlined in
detail.> Trained research coordinators enrolled patients
older than 21 years with sick sinus syndrome who were in
sinus rhythm and had standard indications for pacemaker
implantation but no serious comorbid illness. Baseline de-
mographic and clinical data were collected. Multidimen-
sional health-related QOL was assessed with the Medical
Outcomes Study 36-Item Short-Form (SF-36) General
Health Survey.®’ Individual SF-36 components were used
to construct subscale scores in eight health-related domains:
physical function, physical role, social function, emotional
role, mental health, vitality, bodily pain, and general health
perception. For each domain, scores range from 0 to 100
points, where 100 is the best score possible and 0 is the
worst. Physical component summary (PCS) and mental
component summary (MCS) scales also were calculated for
each patient. These scores have a standardized mean of 50
and standard deviation of 10 points. Cardiac-specific func-
tional status was assessed using the Specific Activity Scale,®
a multilevel scale that ranges from 1 (worst) to 4 (best)
status depending on the patients’ ability to perform every-
day tasks. Patients’ utilities were assessed using standard
time trade-off methodology,” in which patients were asked
how much time in their current state of health they would
trade for perfect health. All three QOL measures (SF-36,
Specific Activity Scale, and time trade-off) were repeated at
the 3-month and 12-month visits and yearly thereafter. We
also attempted to obtain an assessment of QOL at the time
of crossover from one pacing mode to another, as QOL
commonly was improved when crossing over from VVIR to
DDDR because of pacemaker syndrome.

QOL measures (including each SF-36 subscale and sum-
mary score, Specific Activity Scale, and time trade-off util-
ity) were selected a priori as endpoints for analysis. Each
was assessed for differences related to pacemaker implan-
tation using a paired t-test comparing scores at 3 months
postimplantation to values at baseline as well as a linear
regression of the change score between the 3-month and
baseline timepoints. Change in QOL measures was stratified
by clinical factors, which included age, sex, history of
congestive heart failure, comorbidity as assessed by the
Charlson comorbidity index, and treatment arm. Multivari-

able analyses were performed using SAS (version 8, SAS
Institute, Cary, NC, USA) with PROC GLM, which uses the
method of least squares to fit linear models to the data, and
PROC MIXED, which fits mixed effects linear models.
Significant differences in QOL over time were assessed in
longitudinal analyses using PROC MIXED. The effect of
sex was measured in models adjusted for age and treatment
arm. The effects of a history of heart failure, Charlson
comorbidity score, and mode on serial QOL in analyses
adjusted for age, sex and baseline QOL score also were
examined. Patients were truncated from the analysis at the
time of death. Patients who could not complete the QOL
questionnaire were considered to have missing data unless
data from surrogate interviews were available. In patients
who crossed over from single-chamber to dual-chamber
pacing because of severe pacemaker syndrome, a primary
analysis was performed in which the last known QOL prior
to crossover was carried forward for all subsequent data-
points. This was designed to account for the improvement in
QOL scores anticipated after crossover, which tends to
overestimate QOL scores in the VVIR arm. A secondary
analysis using the measured QOL data after crossover also
was performed.

To provide context for these analyses, the effect of 1 year
of aging on QOL measures in this cohort was assessed.
Differences in each QOL measure from the 1-year to the
2-year follow-up timepoint were assessed using PROC
GLM in analyses adjusted for baseline score and stratified
by sex. These timepoints were chosen to maximize the
completeness of the follow-up data while avoiding the con-
founding effects of pacemaker implantation on QOL at
earlier timepoints. The effect of a common chronic disease,
in this case a history of heart failure at the time of enroll-
ment into the trial, was assessed in analyses of baseline
QOL data using PROC GLM adjusted for age and sex. In
addition, serial QOL in subjects who experienced heart
failure during the trial was compared with serial QOL in
patients who did not experience heart failure using PROC
MIXED, adjusting for age, sex, treatment arm, and baseline
score.

Results

Baseline characteristics

The average age of the cohort was 73 years; 52% of patients
were male (Table 1). The majority of patients were white,
and 22% had a history of diabetes. Prior myocardial infarc-
tion was reported in 26% and prior stroke in 11%. Prior
heart failure was present in 18% of VVIR patients and 22%
of DDDR patients, a difference of borderline significance (P
= .05).

Effect of pacemaker implantation

In unadjusted analyses, pacemaker implantation was asso-
ciated with significant improvement in multiple domains of
QOL. Specifically, significant improvement was seen in all
subscales of the SF-36 except for the health perception
subscale, resulting in higher PCS scores (mean 2.7 points, P
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Table 1  Baseline characteristics of the cohort

Characteristic VWVIR (n = 996) DDDR (n = 1,014)
Age (yr) 73.1 = 11.0 72.9 = 11.1

Male 519 (52%) 536 (53%)
Nonwhite race 144 (14%) 162 (16%)
Diabetes 204 (20%) 246 (24%)
Hypertension 608 (61%) 640 (63%)
Hypercholesterolemia 340 (34%) 376 (37%)

Current smoker 85 (9%)
Prior angina 280 (28%)
Prior myocardial infarction 243 (24%)
Prior heart failure 183 (18%)
Prior stroke 108 (11%)
Charlson comorbidity index 1.46 *= 1.65

84 (8%)
288 (28%)
279 (28%)
221 (22%)
116 (11%)
1.54 + 1.67

Values are given as number (%) or mean = SD.
DDDR = dual-chamber pacing; VVIR = rate-modulated right ventricular
pacing.

< .0001) and MCS scores (mean 2.5 points, P < .0001;
Figures la and 1b). Time trade-off values and Specific
Activity Scale scores also were significantly improved (Fig-
ures lc and 1d). The benefits were similar regardless of sex,
history of heart failure, or comorbidity score. Paired t-tests
showed a trend toward greater improvement in functional
status, as measured by the Specific Activity Scale, in pa-
tients younger than 75 years (Figure 1d). In linear regression
analyses of the change in QOL score between the baseline
and 3-month postimplantation timepoints, this trend became
significant, with less negative change scores connoting less
improvement in functional status, among subjects 75 years
or older (parameter estimate 0.09, 95% CI [confidence in-
terval] 0.02, 0.17). The PCS score of the SF-36 also im-
proved significantly less in the older patients than in the
patients younger than 75 years (parameter estimate —1.09,
95% CI —2.04, —0.14). Even after adjustment for sex, a
history of heart failure, Charlson score, and treatment arm,
age remained a significant predictor of the change in PCS
score (parameter estimate —1.21, 95% CI —2.16, —0.25)
and Specific Activity Score (parameter estimate 0.10, 95%
CI 0.02, 0.17).

Serial QOL

In analyses adjusted for age and sex, pacemaker implanta-
tion was associated with improvements in several subscales
of the SF-36, particularly the role physical (Table 2). In
longitudinal analyses of QOL, sex was an independent pre-
dictor of functional status by Specific Activity Scale (P <
.0001) and of all SF-36 subscale scores (P < .03) except
role physical function and health perception in analyses
adjusted for age and treatment arm. QOL scores were gen-
erally higher, and reported functional status was better in
men. Most aspects of QOL were significantly worse in
subjects with Charlson comorbidity scores >2, including
Specific Activity Scale scores [1.56 (95% CI 1.48, 1.63) vs
1.30 (95% CI 1.25, 1.36), P < .0001], health utilities [0.78
(95% C10.75,0.81) vs 0.83 (95% C1 0.81, 0.84), P = .001],
and all SF-36 subscales (P < .03) except mental health in
adjusted analyses (data not shown).

Fig 1a: Improvement in PCS Scores with Pacemaker Implantation
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Fig 1b: Improvement in MCS Scores with Pacemaker Implantation
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Fig 1d: Improvement in Specific Activity Scale Score with Pacemaker
Implantation
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Figure 1  Improvement in quality of life associated with pacemaker

implantation. CHF = congestive heart failure; CS = Charlson comorbidity
score; MCS = mental component summary; PCS = physical component
summary.
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Table 2  Quality-of-life scores before and after pacemaker implantation
Mean scores adjusted for age and gender
Baseline 3 mo 12 mo 24 mo 36 mo 48 mo
Scale Mode (n* = 1,935) (n* = 1,736) (n* = 1,639) (n* = 1,208) (n* = 748) (n* = 392)
Physical function DDDR 58.9 63.0 61.6 61.0 59.0 58.6
VVIR 58.9 61.5 61.4 59.0 57.4 58.3
Role physicalt DDDR 34.6 61.0 64.0 65.5 68.6 65.3
VVIR 35.7 55.5 60.5 56.2 56.5 59.9
Mental health DDDR 72.1 75.9 76.8 76.7 79.6 78.7
VVIR 72.0 75.5 75.4 74.7 75.8 77.1
Role emotionalt DDDR 74.0 82.9 85.8 85.9 86.2 89.1
VVIR 74.1 81.2 81.5 81.9 81.6 80.1
Vitalityt DDDR 42.6 54.8 53.4 51.5 54.1 52.1
VVIR 41.9 50.8 51.7 49.2 48.5 49.8
Pain DDDR 67.0 72.4 72.4 71.1 72.1 73.0
VVIR 67.6 72.4 72.9 69.9 72.9 76.7
Health perception DDDR 60.3 62.3 61.1 58.4 59.0 58.6
VVIR 60.0 60.4 61.0 57.0 58.0 56.2
Social function DDDR 62.6 73.1 73.5 71.4 72.5 73.8
VVIR 63.5 71.1 72.3 70.5 70.9 71.6
Time trade-off DDDR 0.72 0.83 0.83 0.83 0.86 0.83
VVIR 0.73 0.82 0.82 0.81 0.83 0.87
Specific Activity Scale ~ DDDR 1.97 1.92 1.99 1.99 2.01 2.01
VVIR 2.00 1.94 1.97 2.01 1.98 2.03
DDDR = dual-chamber pacing; VVIR = rate-modulated right ventricular pacing.
*Occasional data unavailable for each analysis.
1P < .05 in longitudinal analyses of subscale score by treatment arm.
Effect of pacemaker mode on serial QOL
One hundred eighty-two patients (18%) crossed over from Role physical
single-chamber to dual-chamber pacing because of severe ”
pacemaker syndrome. In addition, 131 patients (13%) —
crossed over for other reasons but did not meet the proto- g . Zanil B—

. L e ~ DDDR
col’s prespecified definition of severe pacemaker syndrome. 3T v ~ VVIR ‘
Most crossovers occurred early, predominantly within 3 #
months of pacemaker placement.

In longitudinal analyses by pacemaker mode adjusted for " wo T p
age and sex, dual-chamber pacing was associated with sig- Time
nificantly greater improvement in three of the eight SF-36 Role emotional
subscales compared with single-chamber pacing: role phys-
ical [62.8 points for DDDR (95% CI 60.2, 65.5) vs 56.4 for M =
VVIR (95% CI 53.7, 59.1), P < .0001], role emotional R —— = - =
[DDDR 85.0 (95% CI 82.9, 87.0) vs VVIR 81.9 (79.9, g.

84.0), P = .009], and vitality [DDDR 51.8 (95% CI 50.3, . :\D/aiR
53.3) vs VVIR 49.3 (95% CI1 47.8, 50.7), P = .002;] (Figure 37

2). The relationship between pacing mode and QOL re- ®

mained significant for these three subscales even after ad- °

justment for heart failure or atrial fibrillation during the T e s A

study, both of which were significantly reduced by dual-

chamber pacing in MOST.? There were no significant dif- Vitality

ferences in the five other subscales or in scores on the time

trade-off or Specific Activity Scale. In no case was single- > Pamm—

chamber pacing associated with significantly better QOL. g - -

If health-related QOL measures were carried forward for S ~ DDDR
all crossovers rather than for just those meeting the pre- E 2 R
specified endpoint of severe pacemaker syndrome, qualita- w
tively similar results were obtained. Significant improve- -
ment in serial QOL again was seen in role physical [62.3 Time
points (95% CI 59.6, 65.0) vs 54.5 points (95% CI 51.7, Figure 2  Effect of pacing mode on serial quality of life.
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57.2), P < .0001], role emotional [85.2 (95% CI 83.1, 87.3)
vs 81.9 (95% CI 79.8, 84.0), P = .006], and vitality [52.0
(95% CI 50.5, 53.5) vs 48.7 (95% CI 47.2, 50.2), P <
.0001] subscales of the SF-36, as well as in the social
function subscale [72.1 (95% CI 70.5, 73.6) vs 70.1 (95%
CI 68.5, 71.6), P = .02] in subjects randomized to the
DDDR treatment arm compared with those in the VVIR
arm.

In the analysis using the measured health status through-
out the trial, regardless of crossover status, health status
commonly improved after crossover from VVIR to DDDR.
By ascribing this benefit of DDDR to the VVIR treatment
arm, no significant differences in serial health-related QOL
were detected between treatment arms, indicating that the
two strategies—DDDR pacing or VVIR pacing converted to
DDDR when advised by the physician—were equivalent.

Magnitude of QOL changes

The decline in health status scores associated with 1 year of
aging within the trial was 0.6 points (95% CI —3.7, 4.9, P
= .78) in women and 1.7 points (95% CI —2.5, 5.9, P =
.43) in men for role physical, 1.0 point (95% CI —2.4, 4.4,
P = .56) in women and 0.1 point (95% CI —3.2, 3.5, P =
.94) in men for role emotional, and 3.6 points (95% CI 1.7,
5.4, P = .0002) in women and 2.4 points (95% CI 0.5, 4.2,
P = .01) in men for vitality (adjusted for age and baseline
score). Patients with a history of heart failure had signifi-
cantly lower baseline role physical [24.3 (95% CI 19.7,
29.0) vs 37.4 (95% CI 34.7, 40.1), P < .0001], role emo-
tional [69.9 (95% CI 65.5, 74.3) vs 74.9 (95% C172.3,71.5),
P = .03], and vitality [33.4 (95% CI 30.7, 36.1) vs 44.1
(95% CI 42.5, 45.7), P < .0001] scores compared with
those without antecedent heart failure, adjusted for age and
sex. Patients who experienced heart failure over the course
of the trial also had significantly lower mean role physical
[44.8 (95% CI1 40.1, 49.5) vs 61.3 (95% CI1 59.1, 63.6)], role
emotional [77.8 (95% CI 74.1, 81.4) vs 84.1 (95% CI 82.3,
85.8)], and vitality [44.2 (95% CI 41.6, 46.8) vs 51.2 (95%
CI 50.0, 52.5)] scores in longitudinal analyses adjusted for
age, sex, treatment arm, and baseline score.

Discussion
For at least 2 decades, clinicians have recommended dual-
chamber pacemakers for preserving or restoring AV syn-
chrony. However, controversy has persisted about the effect
of pacing mode on the clinical outcomes of elderly patients
with sick sinus syndrome. Large randomized studies have
not shown significant differences in survival or stroke be-
tween patients receiving dual-chamber pacing and those
receiving single-chamber pacing. However, randomized tri-
als such as Pacemaker Selection in the Elderly (PASE), the
Canadian Trial of Physiologic Pacing (CTOPP), and MOST
have reported a reduction in atrial fibrillation.>>*'* More-
over, MOST, but not the other trials, found a reduction in
hospitalizations for heart failure.>

Given that pacing mode appears not to affect survival,
quantifying the effects of pacing mode on the patient’s own

sense of health, well-being, and functional status is a vital
part of the overall critical analysis of pacing mode. In this
detailed report of health-related QOL within MOST, pace-
maker implantation itself was associated with significant
improvement in health-related QOL scores. This improve-
ment extended to almost all domains and was of similar
magnitude irrespective of sex, the presence of heart failure,
or comorbidity level, all of which also influenced QOL over
the course of the study. Younger patients appeared to benefit
more from pacemaker implantation than did their older
counterparts in terms of functional status and PCS scores.
Although this study did not have a sham-operated control
group for comparison, these data confirm that when pace-
makers are implanted in patients with sinus node dysfunc-
tion and standard bradycardia indications, direct and mea-
surable benefits of pacemaker implantation on QOL and
functional status are observed, particularly in younger pa-
tients.

The effects of pacing mode on the various QOL mea-
sures were much smaller than those associated with pacing
itself. Modest but measurable improvement for dual-cham-
ber rate-modulated pacing compared with rate-modulated
single-chamber pacing was most notable for the physical
role, vitality, and emotional role subscales. Interestingly,
pacing mode was associated with nonsignificant differences
in the physical function subscale of the SF-36 and in car-
diovascular functional status as measured by the Specific
Activity Scale. This finding suggests that dual-chamber
pacing significantly improves patients’ ability to fulfill ex-
pectations at work or in other daily activities at the margins
despite only small differences in overall physical capacity
itself, as measured by either the physical function subscale
or the Specific Activity Scale. In contrast to pacemaker
implantation itself, no significant differences in time trade-
off utilities were seen between pacing modes, indicating that
subjects were reluctant to accept even small reductions in
survival for the modest gains in QOL seen.

The vitality subscale reflects general levels of energy and
fatigue, so the improved scores might represent the effect of
more physiologic dual-chamber pacing on hemodynamics
and cardiac output. The emotional role subscale measures
“problems with work or other daily activities as a result of
emotional problems”®” and may be an indirect reflection of
improved well-being. Generally, these improvements in
QOL were larger than the declines associated with 1 year of
aging in the trial but smaller than those associated with
chronic illness, such as heart failure.

Early studies suggested improved QOL for patients with
dual-chamber pacemakers compared with single-chamber
pacemakers,''~'¢ but the studies were limited by small size,
design, nonstandardized instruments, or inconsistent blind-
ing. PASE, a 30-month, controlled, single-blind study of
407 patients randomized to ventricular or dual-chamber
pacing for sinus node dysfunction or AV block, showed that
QOL improved significantly after pacemaker implantation
but found no significant differences in QOL, cardiovascular
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events, or death by pacing mode.* However, analysis of
QOL by mode in the prespecified subgroup of patients with
sinus node dysfunction revealed significant improvement in
the role physical, role emotional, and social function sub-
scales at 3 months in patients randomized to dual-chamber
pacing compared with ventricular pacing, results that are
consistent with those in the current study of patients with
sinus node dysfunction.

CTOPP randomized more than 2,500 patients with symp-
tomatic bradycardia to ventricular or “physiologic” (dual-
chamber or atrial) pacing.’ QOL was assessed in two ways:
(1) a substudy of 269 patients in whom detailed QOL data,
including SF-36 and pacemaker-specific and pacemaker
syndrome scales, were measured at baseline and at 6-month
follow-up; and (2) a larger QOL study in which 1,721
patients underwent a briefer 12-item assessment only once
at 6 months postimplantation.'” Pacing was associated with
significant improvement in QOL in the substudy, but no
significant differences in QOL were discerned between
treatment arms. The larger QOL study also failed to detect
significant differences in QOL when comparing ventricular
and physiologic pacing. These results differ from those of
the current study, possibly because a relatively small num-
ber of participants in CTOPP underwent QOL assessment to
the same level of detail as in MOST, or possibly because
more than 50% of patients enrolled in the Canadian study
received a pacemaker for AV node disease rather than for
sinoatrial node disease, limiting power for differences
within the sinoatrial node dysfunction subgroup.

Our results should be interpreted in light of design fea-
tures that may have affected the results. Patients randomized
to ventricular pacing had access to rate modulation, which
may have lessened differences in QOL between the two
groups. In addition, programming mode rather than the
pacemaker itself was randomized, making crossover from
ventricular to dual-chamber pacing relatively easy. Because
QOL commonly improves after crossover, crossovers tend
to minimize any differences between groups. To account for
this design feature in our trial, baseline analysis was struc-
tured to carry forward the last known QOL prior to cross-
over for subsequent timepoints. Finally, although all end-
points were selected a priori, multiple analyses were
performed in this cohort, which may influence the proba-
bility of obtaining statistically significant results.

Conclusion

Pacemaker implantation is associated with substantial im-
provement in health-related QOL in patients with sick sinus
syndrome. Pacing mode is associated with much more mod-
est improvements in some (but not most) QOL domains,
most notably the role physical, energy/vitality, and role
emotional domains. The magnitude of the QOL difference
between modes of pacing is slightly larger than that asso-
ciated with 1 year of aging within the trial but smaller than
that associated with chronic disease, such as heart failure.
Although these improvements in QOL may not be substan-
tial enough, in and of themselves, to sway decisions on

pacemaker mode, cost-effectiveness analysis suggests that
these changes, in conjunction with effects on clinical events
such as atrial fibrillation and heart failure, are associated
with favorable cost-effectiveness ratios for routine implan-
tation of dual-chamber pacing systems in elderly patients
with sinus node dysfunction.'®
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