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formed in the emergency department.!? Diagnostic
testing is performed inconsistently,>!? and 60% of
admitted patients receive no specific therapies during
their admission.!? Hospitalization appears to have
minimal effect on 1-year mortality in high-risk pa-
tients, including those with known or suspected cor-
onary artery disease, congestive heart failure, or ab-
normal electrocardiograms. '

Professional societies’ guidelines provide recom-
mendations for hospitalizing patients who present
with syncope.?15:16 Furthermore, clinical prediction
rules may identify patients at low risk for developing
syncope-related adverse outcomes.!’=2° The adoption
of similar rules in clinical practice may safely reduce
syncope-related admissions and health care costs. Our
findings provide important baseline data for evaluat-
ing the cost effectiveness of such efforts in the future.
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Permanent Pacing Is a Risk Factor for the
Development of Heart Failure
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No previous study has examined the importance of
right ventricular pacing as a risk factor for the
development of heart failure (HF) in subjects with-
out a history of HF. A cohort study of patients who
underwent initial pacemaker implantation (n =
11,426) was conducted to test the hypothesis that
patients with ventricular dyssynchrony created by
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permanent pacing would develop HF, as shown by
new HF hospitalizations or HF-related deaths, at a
higher rate than matched controls. ©2005 by Ex-
cerpta Medica Inc.

(Am J Cardiol 2005;95:671-674)

he Myocardial Infarction Data Acquisition System is

a statewide surveillance system that combines hos-
pital (Uniform Billing 92) discharge data and death cer-
tificate registration data to track cardiac patients who
have been discharged from the 85 acute care hospitals in
New Jersey.! Institutional review board approval for the
Myocardial Infarction Data Acquisition System study
was obtained from the state and the medical school.

The study cohort construction scheme is illustrated
in Figure 1. Of the patients implanted with pacemak-
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FIGURE 1. Study cohort construction scheme. Each year
(1997,1998, and 1999) was processed separately to identify the
index admissions for patients who received pacemakers and the
matched comparison cases. The inclusion criteria were New Jer-
sey (NJ) residency, age >25 years, unique insurance identifier,
discharged dlive, and initial pacemaker implantation or match
by stratified random sampling within age groups. The exclusion
criteria were nonunique identifiers, nonindex admission, and
evidence of HF in admission during the previous year (minimum).

ers for the first time, 13,071 (70%) met the inclusion
criteria for this study, of whom 1,645 (13%) were
excluded because of previous heart failure (HF) hos-
pitalizations, leaving 11,426 (61%) as the cohort of
interest (Figure 1). A randomly selected, matched
cohort of patients without pacemakers or diagnoses of
HF (n = 11.656) was used as a control group. The
comparison cohort subjects (not paced, without HF)
were selected by stratified random sampling (5-year
age group strata reflecting the age distribution of the
index subjects) with matching on variables associated
with HF development (gender and diagnosis codes
indicating myocardial infarction, hypertension, or di-
abetes mellitus [[nfernational Classification of Dis-
eases-9th Revision, clinical modification codes 410,
401 to 405, or 250]). The initial random selection
generated a cohort of 12,995 patients, of whom 1,339
(10%) were excluded for HF hospitalization in the
previous year to yield the comparison cohort.

The 2 cohorts were followed by record linkage
through 2001 to determine the rates of occurrence of
HF hospitalization or death. The median length of
follow-up was 32.6 months and ranged from =2 years
(for discharges in 1999) to 5 years (for discharges in
1997). Record linkage was performed with the Au-
tomatch-Generalized Record Linkage System, version
3.0 (Match Ware Technologies, Inc., Silver Springs,
Maryland). The method is described elsewhere.2

The stratified random selection procedure and the
comparison of the event rates of the primary outcome
(new HF hospitalization) and secondary outcome (HF
hospitalization or mortality) were performed using
SAS version 8.2 (SAS Institute Inc., Cary, North
Carolina). Kaplan-Meier survival curves (product-
limit method) for time to first event were constructed
for the paced cohort and the comparison, nonpaced
group. The log-rank test was used to compare the 2
groups. All hazard ratios (HRs) associated with pacing
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TABLE 1 Baseline Characteristics
Comparison
Characteristic Paced Cohort Cohort
(n=11426) [n=11656)
Age (yrs] (mean = SD) 756 +10.7 753=108
26-64 12.7% 13.3%
65-79 48.4% 48.7%
=80 38.9% 38.0%
Black men 6.2% 7.7%
Black women 6.8% 7.5%
White men 45.9% 44.2%
White women 41.1% 40.6%
Hypertension 52.4% 51.6%
Myocardial infarction 2.9% 2.7%
Diabetes mellitus 17.9% 18.4%
Sinus node dysfunction 59.1% 0.5%
Atrioventricular block 39.7% 2.3%
Avrial fibrillation 38.5% 9.3%
Dizziness or syncope 12.9% 3.7%
Carotid hypersensitivity 2.6% 0.01%
Pacemaker ICD-9 code
Single chamber, code 37.81 10% -
Single chamber, code 37.82 17% —
Dual chamber, code 37.83 73% —
Renal disease 11.8% 19.3%
Cancer 5.0% 17.0%
ICD-9 = International Classification of Diseases, Ninth Revision.

or pacemaker type were adjusted to control for possi-
ble confounding factors with multivariable Cox re-
gression, including age, gender, myocardial infarction,
hypertension, diabetes, and atrial fibrillation in the
models.

By design, the cohorts were similar to each other
with respect to the matching variables (age, gender,
and race) and for history of hypertension, previous or
acute myocardial infarction, and diabetes (Table 1).
The predominant differences between the cohorts
were indications for pacemaker implantation, includ-
ing sinus node dysfunction. atrioventricular block, and
atrial fibrillation. Seventy-three percent of the perma-
nent pacemakers implanted were dual-chamber
devices.

Over a median follow-up of 33 months for the 2
groups from 1997 to 2001, 20% of the paced group
(2,314 patients) experienced new HF hospitalization
events (Table 2) compared with 12.5% in the control
group (1,459 patients; Cox adjusted HR 1.55, 95%
confidence interval [CI] 1.44 to 1.66). For the com-
bined end point of HF hospitalization or all-cause
mortality over the same time period, 35% of the paced
group (4,019 patients) experienced events compared
with 33% of the control group (3,845 patients; HR
0.96, 95% CI 0.91 to 1.00).

Deaths attributed to HF were also more frequent in
the pacemaker cohort (81 vs 53, p = 0.035). Kaplan-
Meier survival analysis of time to first HF hospital-
ization or fatal HF demonstrated a statistically signif-
icant increase in the incidence of this composite end
point in the paced group (log-rank p <<0.0001, Cox
adjusted HR 1.44, 95% CI 1.34 to 1.54) beginning
early after implantation, which persisted throughout
the period of analysis (Table 2). When these analyses
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TABLE 2 Hospitalization for HF and Fatal Events by Pacemaker Status and Type
No. of Events
Paced Control HR
Variable (n=11,426) (n=11,656) p Value (adjusted*) 95% Cl
Nonfatal events
HF hospitalization 2,314 1,459 <0.0001 1.55 1.44-1.66
Deaths
Total deaths 2,439 2,907 <0.0001 0.74 0.70-0.79
Cardiovascular
Stroke 127 125 NS
Sudden 6 14 —
Myocardial infarction 232 242 NS
Left ventricular failure 81 53 0.035 1.44 1.34-1.54
Atherosclerotic heart disease 387 381 NS
Noncardiovascular
Infections 83 109 NS
Cancer 447 796 <0.0001 0.57 0.51-0.64
Diabetes/endocrine 120 125 NS
Mental 51 105 <0.0001 0.49 0.35-0.69
Respiratory 171 254 <0.0001 0.69 0.57-0.83
Renal Q4 96 NS
Combined events
HF hospitalization or HF death 2,355 1,490 <0.0001 1.44 1.34-1.54
HF hospitalization or all-cause mortality 4,019 3,845 0.075 0.96 0.91-1.00
Single chamber
HF hospitalization or HF death 805 1,490 <0.0001 1.59 1.43-1.77
HF hospitalization or all-cause mortality 1,461 3,845 <0.0001 1.19 1.11-1.28
Dual chamber
HF hospitalization or HF death 1,550 1,490 <0.0001 1.36 1.26-1.44
HF hospitalization or all-cause mortality 2,558 3,845 <0.0001 0.87 0.83-0.92
*Cox model included paced status, diabefes, hypertension, myocardial infarction, atrial fibrillation, age, gender, and race (white = 1).
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FIGURE 2. Kaplan-Meier plots of hospitalization for HF or HF
death in 3,093 New Jersey residents who underwent initial sin-
gle-chamber permanent pacemaker insertion (fop line) and
8,333 New Jersey residents who underwent initial dual-chamber
permanent pacemaker insertion (middle line) in 1997, 1998, and
1999 compared with a matched comparison cohort of 11,656
nonpaced patients (broken line). All were followed through
2001.

were repeated (Figure 2 and Table 2), taking into
consideration the type of pacemaker implanted (i.e.,
single or dual chamber), it was found that the implan-
tation of a single-chamber pacemaker was more
strongly associated with HF hospitalization or fatal
HF compared with the control group (HR 1.59, 95%

CI 1.43 to 1.77) than was the implantation of a dual-
chamber pacemaker (HR 1.36, 95% CT 1.26 to 1.44).
There was a 32% increase in the adjusted risk for fatal
or nonfatal HF comparing the risk associated with the
implantation of a single-chamber pacemaker with that
of a double-chamber device (HR 1.32, 95% CI 1.20 to
1.45).

Unadjusted survival analysis of the composite end
point of HF hospitalization and all-cause mortality
also revealed a significant increase in risk in the paced
group (Table 3) beginning after 6 months, which per-
sisted throughout the course of the follow-up (log-
rank p = 0.00006, adjusted HR 0.96, 95% CT 0.91 to
1.00). Analysis by device type revealed that the im-
plantation of single-chamber devices was associated
with a 19% greater risk for death or HF hospitalization
(HR 1.19, 95% CI 1.11 to 1.28). Dual-chamber inser-
tion was not associated with increased adjusted risk
for HF hospitalization and all-cause mortality (HR
0.87, 95% CT 0.83 to 0.92).

In this large, statewide analysis, we found that
permanent pacing in patients who did not have HF
diagnoses for =1 year before pacemaker implantation
significantly increased their risk of being hospitalized
for HF or experiencing HF-related deaths compared
with a matched control group. This finding was true in
unadjusted analysis and after adjusting for confound-
ing variables, including atrial fibrillation, sick sinus
syndrome, atrioventricular block, history of myocar-
dial infarction, gender, African-American race, age,
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TABLE 3 HF Death and Hospitalization for HF by Pacemaker Status, Showing Univariate and Adjusted Cox HRs for Demographic
and Clinical Factors

Variable Univariate HR (95% Cl) p Value Adjusted HR (95% Cl) p Value
Pacemaker 1.64 (1.54-1.75) <0.0001 1.44 (1.30-1.60) <0.0001
Age (10 yrs) 1.50 (1.45-1.5¢) <0.0001 1.52 (1.47-1.57) <0.0001
Race (white) 1.02 (0.93-1.21) 0.627 0.93 (0.85-1.03) 0.149
Sex (male) 0.93 (0.87-0.99) 0015 1.03 (0.96-1.10) 0.425
Myocardial infarction 1.68 (1.43-1.97) <0.0001 1.59 (1.36-1.87) <0.0001
Hypertension 1.20 (1.12-1.28) <0.0001 1.08 (1.01-1.15) 0.025
Diabetes mellitus 1.66 (1.55-1.79) <0.0001 1.78 (1.65-1.91) <0.0001
Atrial fibrillation 1.75 (1.64-1.87) <0.0001 1.52 (1.41-1.64) <0.0001
Atrioventricular block 1.34 (1.25-1.44) <0.0001 1.09 (0.99-1.20) 0.066
Sinus node dysfunction 1.40 (1.32-1.50) <0.0001 0.94 (0.85-1.03) 0.164

The Cox proportionalhazards regression model contained all 10 factors.

diabetes, and hypertension. These findings support the
concept that right ventricular pacing represents a risk
factor for developing HF and implicates ventricular
dyssynchrony or a lack of appropriate atrioventricular
sequence as a potential cause of adverse outcomes in
patients without HF.

We observed a significant increase in HF-related
events, including HF hospitalization or HF death, that
was seen as early as 6 months after pacemaker im-
plantation and that persisted throughout follow-up.
Interestingly, total mortality was less in the paced
group, as was renal disease, cancer, neurologic dys-
function, and death from respiratory disease, implying
a significant selection bias regarding the patients in
whom physicians choose to implant permanent pace-
makers, particularly expensive dual-chamber devices.
Patients with diagnoses indicating renal dysfunction,
cancer, or neurologic dysfunction were less likely to
receive pacemakers.

The present study is the first population-based study
to describe an increased risk for adverse events with
single- or dual-chamber pacemakers in patients without
clinical diagnoses of HF. This result is consistent with
previous studies that have examined the impact of ven-
tricular pacing in patients with left ventricular dysfunc-
tion. In the Dual Chamber and VVI Implantable Defi-
brillator Trial, permanent pacing increased the combined
end point of death or hospitalization for HF compared
with backup bradycardia pacing.? Our study is also con-
sistent with a post hoc analysis of the Mode Selection
Trial, 4 a trial of pacemaker therapy for sick sinus syn-
drome that demonstrated that the cumulative percentage
of right ventricular apical pacing, calculated from stored
pacemaker data, was a strong predictor of HF hospital-
ization.

There are several potential limitations to this study.
First, because this was a cohort study based on ad-
ministrative data, the ability to control for the severity
of co-morbidities and concomitant medical therapy
was lacking, and it is difficult to determine whether
any associations derived from it imply causality. It is
possible that those patients who required permanent
pacemakers were also patients already at risk for death
or the development of HF requiring hospitalization.
However, we matched the 2 cohorts for possible risk
factors that may identify a patient for greater risk for
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cardiac dysfunction. In addition, the differences per-
sisted after adjustment for the available risk factors for
HF development by Cox regression analysis. Second,
we do not know the cumulative percentage of time of
ventricular pacing in those patients who received
pacemakers. However, if the patients were not paced a
significant amount of the time, we would expect to see
a lower rate of end points. If anything, this would
dilute the effect and result in an underestimate of the
relative risk. Third, we were unable to determine the
percentage of patients with pacemakers who received
only atrial pacing. However, according to industry
sources, <1% of pacemakers implanted during the
period under study, from 1997 to 1999, were atrial
pacemakers. Fourth, we assumed that our group of
interest either had no HF, subclinical HF, or mild HF
that did not require hospitalization. A baseline assess-
ment of cardiac function was not available in this
population study. A recent report estimated that pa-
tients with advanced HF have a hospitalization rate of
24% to 31% per year.? Therefore, our assumptions are
likely to be valid, because patients with advanced HF
would probably have had HF hospitalizations or diag-
noses of HF either at the time of permanent pacemaker
implantation or during the 1-year period preceding
permanent pacemaker implantation.® Last, errors or
omissions in coding exist, but a similar rate of errors
and omissions could occur in the 2 cohorts.
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