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Abstract 

Background  Permanent pacing is the therapy of choice for treating severe and/or symptomatic bradyarrhythmias. The number of very 

elderly patients receiving pacemakers is increasing and little is known about survival in this specific subgroup. This study is aimed at assess-

ing the actual survival of patients requiring pacing therapy at age > 85 years and investigating variables associated with death. Methods  

Between 2010 and 2017, 572 patients aged ≥ 85 years underwent pacemaker implantation for conventional bradycardia indications in De-

partment of Cardiology, S. Chiara Hospital, Italy. Results  Thirty percent of patients were ≥ 90-year-old and comorbidities were frequent. 

Fifty-seven percent of patients required pacing for prognostic reasons (acquired atrioventricular block), and the remaining for relief of bra-

dycardia symptoms. A dual-chamber pacemaker was implanted in 34% of patients. The 5-year survival was 45% (standard error: 3%), and 

the 8-year survival was 26% (standard error: 4%). The risk of death was similar in patients who received pacemaker for symptom relief and 

for prognostic reasons in the overall population (HR = 1.19, 95% CI: 0.93–1.52, P = 0.156), as well as in the ≥ 90-year-old group (HR = 1.39, 

95% CI: 0.92–2.11, P = 0.102). At multivariate analysis, following variables were associated with death: higher age, lower ejection fraction, 

dementia/dysautonomia and diagnosis of cancer. The pacing indication and the implantation of a single chamber pacemaker were not associ-

ated with worse prognosis. Conclusions  This study showed a good life expectancy in patients aged ≥ 85 years who received a pacemaker. 

Strong risk factors for all-cause death were non-cardiac. Pacemaker therapy seems a clinically effective therapeutic option to improve sur-

vival and to control bradyarrhythmia-related symptoms in very elderly patients. 
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1  Introduction 

Permanent pacing is the therapy of choice for treating 
severe bradyarrhythmia.[1] The number of very elderly pa-
tients receiving pacemakers is increasing,[2] but little is 
known about survival in this specific subgroup and about 
possible factors associated with worse prognosis. The as-
sumption of persistent pacemaker benefit in very elderly 
patients is questionable, as any advantage of the device on 
arrhythmic death may be largely attenuated by non-arrhy-
thmic mortality. However, European guidelines[1] do not 
consider any specific age limit for pacemaker implantation. 

This study was aimed at assessing the actual survival of 
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patients requiring pacing therapy at age of 85 years or more 
and investigating variables associated with death. 

2  Methods 

2.1  Study population 

We retrospectively enrolled all consecutive patients in 
whom pacemaker implantation had been performed from 
January 2010 to December 2017 in Department of Cardiol-
ogy, S. Chiara Hospital, Italy, and who were 85 years old or 
more at the time of implantation. Patients were required to 
have standard indications for permanent single- or dual- 
chamber pacing. The study was approved by the local ethics 
committee and informed consent was obtained from all pa-
tients. Baseline evaluation included demographics and 
medical history, clinical examination, 12-lead electrocar-
diogram and echocardiographic evaluation of left ventricu-
lar ejection fraction. Devices and pacing leads were im-
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planted by means of standard techniques. Optimization of  
pacing parameters and pharmacological treatments were 
based on clinical evaluation by the attending physicians. 
During follow-up, patients returned for regular clinic visits. 
Mortality data were obtained by means of hospital file re-
view or direct telephone contact. 

2.2  Statistical analysis 

Descriptive statistics are reported as means  SD for 
normally distributed continuous variables, or medians with 
25th to 75th percentiles in the case of skewed distribution. 
Categorical data were expressed as percentages. Mortality 
rates were summarized by constructing Kaplan-Meier curves, 
and the distributions of the groups were compared by means 
of a log-rank test. Cox regression was used to analyze pos-
sible predictors of death. All variables associated to a P- 
value < 0.05 on univariate analysis were entered into the 
multivariate regression analysis. A P-value < 0.05 was con-
sidered significant for all tests. All statistical analyses were 
performed by using STATISTICA software, version 7.1 
(StatSoft, Inc., Tulsa, OK, USA). 

3  Results 

From January 2010 to December 2017, a total of 572 pa-
tients aged ≥ 85 years (mean age: 88 ± 3 years) with a stan-
dard indication for permanent pacing underwent single- or 
dual-chamber pacemaker implantation in Department of 
Cardiology, S. Chiara Hospital, Italy. Table 1 shows base- 

Table 1.  Demographics and baseline clinical parameters of 
the study population. 

Parameter n = 572 

Age, ≥ 90-year-old 169 (30%) 

Male gender 272 (48%) 

Ejection fraction (EF) 

EF < 35% 

35% ≤ EF < 45% 

45% ≤ EF < 55% 

EF ≥ 55% 

 

17 (3%) 

23 (4%) 

40 (7%) 

492 (86%) 

Previous myocardial infarction 70 (12%) 

History of atrial fibrillation 266 (47%) 

Severe aortic stenosis 35 (6%) 

Moderate-severe mitral insufficiency 85 (15%) 

Arterial hypertension 434 (76%) 

Previous transient ischemic attack/Stroke 92 (16%) 

Diabetes 108 (19%) 

Chronic kidney disease 168 (29%) 

Vascular disease 195 (34%) 

Dementia/dysautonomia 87 (15%) 

Diagnosis of cancer 37 (6%) 

line clinical variables. Thirty percent of patients were ≥ 90 
years old, 7% had an ejection fraction lower than 45%, 76% 
had arterial hypertension, 47% had history of atrial fibrilla-
tion. Pacemaker was implanted for atrioventricular block in 
325 (57%) and for relief of bradycardia symptoms in 247 
(43%). A dual-chamber pacemaker was implanted in 195 
(34%) of patients. 

During a median follow-up of 37 months (25th to 75th 
percentile: 22, 58), 271 (47%) patients died for any reason. 
The 5-year survival was 45% (standard error: 3%), and the 
8-year survival was 26% (standard error: 4%). The risk of 
death was higher in ≥ 90-year-old patients (HR = 1.69, 95% 
CI: 1.28–2.24, P < 0.001) (Figure 1). However, it was simi-
lar in patients who received pacemaker for symptom relief 
and for prognostic reasons in the overall population (HR = 
1.19, 95% CI: 0.93–1.52, P = 0.156) (Figure 2), as well as  

 

Figure 1.  Kaplan-Meier estimates of time to death, stratified 
by age group: < 90-year-old versus ≥ 90-year-old. 

 

Figure 2.  Kaplan-Meier estimates of time to death, stratified 
by pacing indication: prognostic reasons (acquired atrioven-
tricular block) versus bradycardia symptoms relief. 
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in the ≥ 90-year-old group (HR = 1.39, 95% CI: 0.92–2.11, 
P = 0.102). 

Baseline parameters were evaluated by means of uni-
variate and multivariate analyses in order to assess their 
ability to predict the occurrence of death during follow- 
up, as reported in Table 2. On multivariate analysis, higher 

age, lower ejection fraction, dementia/dysautonomia and 
diagnosis of cancer were confirmed as independent pre-
dictors of death. The pacing indication (prognostic reasons 
versus symptoms relief) and the implantation of a dual- 
chamber pacemaker were not associated with worse prog-
nosis. 

Table 2.  Univariate and multivariate analyses of factors predicting death in the study population. 

Univariate analysis Multivariate Analysis 
Variables 

HR 95% CI P-value HR 95% CI P-value 

Age 1.10 1.06–1.14 < 0.001 1.09 1.05–1.13 < 0.001 

Male gender 0.96 0.75–1.21 0.731 - - - 

Ejection fraction < 55% 0.60 0.43–0.84 0.003 1.35 1.14–1.61 < 0.001 

Previous myocardial infarction 1.08 0.75–1.56 0.691 - - - 

History of atrial fibrillation 1.19 0..94–1.51 0.151 - - - 

Severe aortic stenosis 1.58 0.95–2.61 0.079 - - - 

Moderate-severe mitral insufficiency 1.31 0.97–1.78 0.078 - - - 

Arterial hypertension 0.75 0.57–0.98 0.036 0.82 0.62–1.08 0.155 

Previous transient ischemic attack/Stroke 1.04 0.74–1.46 0.805 - - - 

Diabetes 1.30 0.97–1.74 0.086 - - - 

Chronic kidney disease 1.42 1.10–1.82 0.007 1.27 0.98–1.66 0.071 

Vascular disease 1.11 0.86–1.42 0.432 - - - 

Dementia/dysautonomia 1.55 1.14–2.11 0.006 1.43 1.03–1.97 0.032 

Diagnosis of cancer 1.60 1.01–2.51 0.045 1.61 1.01–2.58 0.049 

Bradycardia symptoms 1.19 0.94–1.51 0.159 - - - 

Dual-chamber pacemaker 0.60 0.46–0.78 < 0.001 0.80 0.60–1.07 0.133 

 

4  Discussion 

This study showed a high survival in patients aged 85 
years or more who received a pacemaker. Strong risk fac-
tors for all-cause death were not cardiac in nature. Moreover, 
we observed no survival difference between different indi-
cations for pacemaker implantation. 

The proportion of elderly patients requiring pacemaker 
implantation has increased over the years due to the aug-
mented life expectancy. In our region, the life expectancy 
for 85 years old people was 5.6 years for males and 7.2 
years for females in 2010; and it was 6.2 years for males 
and 7.6 years for females in 2017.[3] Nonetheless, clinical 
evidence on the outcome of pacemaker therapy in very old 
patients is limited, mostly outdated and related to in-hospital 
mortality.[4–9] The observed 5-year survival was 45% in our 
patients aged 85 years or more. It compares well with pre-
vious studies on patients ≥ 80 years that showed a survival 
in the range between 40% and 49%.[6,8] The survival after 
implantation was relatively high also in the subgroup of 
nonagenarians (more than 30% at five years), though it was 
obviously lower than that of younger patients. In addition to 
the age, other variables associated with survival were non- 

cardiac factors, i.e., dementia/dysautonomia and diagnosis 
of cancer. While, previous study found the presence of dia-
betes to be associated with all-cause mortality.[8] These re-
sults are expected, indeed these comorbidities are prevalent 
in elderly patients and are linked to frequent non-arrhythmic 
death.[8] Non-arrhythmic mortality may attenuate the bene-
fits of pacemaker therapy and make pacemaker implantation 
a less cost-effective choice in very old patients.[10] We also 
observed an association between death and lower ejection 
fraction. The same association was observed in younger 
pacemaker recipients.[11] Similarly, congestive heart failure 
was previously shown to be a predictor of mortality in eld-
erly patients.[6,8] Nonetheless, only a minority of patients 
had depressed left ventricular function at implantation (14% 
of patients with ejection fraction < 55%) in the present study. 
This may explain the lack of association between pacing 
mode (single- versus dual-chamber) and survival. Indeed, 
the effects of right ventricular pacing on left ventricular 
function are more evident in patients with preexisting ven-
tricular dysfunction.[12] In previous trials of pacemaker the-
rapy,[13–15] in which most patients had normal systolic func-
tion, the time to the first heart failure event attributed to 
right ventricular apical pacing was between three years and 
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five years. In the Mode Selection Trial (MOST),[16] about 
10% of patients who received pacemakers for standard bra-
dycardia indications experienced a heart failure hospitaliza-
tion during a median follow-up of three years. It seems the-
refore that patients with a low-risk substrate (normal ejec-
tion fraction, no history of heart failure or myocardial in-
farction) well tolerate ventricular desynchronization due to 
ventricular pacing. In younger patients long-term pacing can 
lead to an unfavorable course over time, while no influence 
on prognosis can be detected in elderly patients. Our find-
ings on the lack of association between pacing mode and 
survival also confirm that elderly patients may not benefit 
from more sophisticated pacemakers, particularly if the 
higher complication rate of dual-chamber systems is taken 
into consideration.[14] This is in contrast with what has re-
cently been reported in the literature.[17] 

In agreement with previous studies,[8,18,19] we observed 
no survival difference between different indications for 
pacemaker implantation. Cardiac pacing is not known to 
prolong survival in patients with sinus node dysfunction, 
and it is currently used only to relieve their symptoms at-
tributed to bradycardia.[1] Nonetheless, we observed that the 
survival was similar between patients with sinus node dis-
ease and those with atrioventricular block, which receive 
pacemaker therapy for prognostic reasons even if asympto-
matic. We observed this result in all patients as well as in 
the subgroup of nonagenarians. 

4.1  Limitations 

This study was not intended to investigate efficacy of 
pacing therapy in the elderly, which would require a ran-
domized clinical trial. In addition, the cause of death was 
not determined in the study population. Dementia or dy-
sautonomia were reported as a clinical impression during 
the admission visit and not confirmed using mini mental test 
or other specific tests. The main limitation of the present 
study is the retrospective design of the analysis. Indeed, 
some variability in the selection or management of patients 
during the inclusion period may have influenced the results. 
However, the study was carried out in a single center, the 
operators in charge of patient selection, device implantation 
and clinical management did not change during the study 
period, and all the patients included were consecutive. 

4.2  Conclusions 

This study showed a high survival in patients aged 85 
years or more who received a pacemaker. Strong risk fac-
tors for all-cause death were non-cardiac in nature, and 
pacemaker therapy seemed a clinically effective therapeutic 

option for patients implanted for either prognostic reasons 
(atrioventricular block) or for relief of bradycardia symp-
toms. 
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