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Abstract
Normal aging is associated with a multitude of changes in the cardiovascular system, including
decreased compliance of blood vessels, mild concentric left ventricular hypertrophy, an increased
contribution of atrial contraction to left ventricular filling, and a higher incidence of many cardiac
arrhythmias, both bradyarrhythmias and tachyarrhythmias. Conduction disorders also become
more common with age, and may either be asymptomatic, or cause hemodynamic changes
requiring treatment. The epidemiology of common arrhythmias and conduction disorders in the
elderly is reviewed.
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EFFECTS OF AGING ON THE CONDUCTION SYSTEM, ASSOCIATED
CONDUCTION DISORDERS, AND BRADYARRHYTHMIAS

Aging affects the cardiovascular system in multiple ways, including a decrease in
compliance of blood vessels through arterial stiffening and thickening, mild left ventricular
thickening, and a shift in the balance of early versus late diastolic filling. Many of these
changes result, in part, from cardiac cell enlargement with apoptosis of neighboring cells
and subsequent fibrofatty infiltration of the myocardium.[1] The conduction system of the
heart is also affected by the latter, producing changes that may result in conduction disorders
or arrhythmia.
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SINOATRIAL NODE
Aging is associated with increased fat and collagen deposition surrounding the sinoatrial
(SA) node, which may result in delay of action potential propagation or even complete
electrical separation of the node from surrounding tissue. During the course of normal aging,
the number of pacemaker cells in the sinoatrial (SA) node declines significantly after age 60
years, with < 10% of the cells seen in young adults remaining by age 75. Paradoxically,
although older adults generally have fewer SA nodal pacemaker cells, they also have a lower
prevalence of sinus bradycardia.[2] This counterintuitive observation is likely due to an
offsetting age-related reduction in parasympathetic activity, which is also responsible for
decreased heart rate variability and reduction in sinus arrhythmia.[3,4]

Although normal aging alone does not change the normal resting heart rate (HR) range of 60
– 80 beats per minute (bpm) in adults, it causes a predictable decrease in peak HR, with
resultant decrease in maximal oxygen delivery during exercise. For each year following the
onset of adulthood, peak heart rates decrease at a rate of approximately 0.7 – 1.0 bpm per
year. For routine stress testing, maximum age-predicted heart rate (MPHR) is commonly
estimated as 220 – age (years).[5] However, several groups [6–8] have recently called into
question the accuracy of this formula, as its initial publication appears to have been based on
a linear best fit to a series of observational data in 1971.[6] Several revised formulae for
calculating MPHR are now available although none has yet been promoted in a widely-
recognized practice guideline.

Sinus node dysfunction
The umbrella terms ‘sinus node dysfunction’ (SND) and ‘sick sinus syndrome’ may be used
in reference to any condition in which the atrial rate is inappropriate for physiological
requirements.[9] These include: 1) symptomatic sinus bradycardia, sinus pauses, or arrest; 2)
chronotropic incompetence, and 3) alternating periods of atrial tachyarrhythmias and
bradyarrhythmias (“tachy-brady syndrome”). Although the overall prevalence of SND in the
elderly is unknown[10], it is estimated that 70–80% of all pacemakers implanted for the
indication of SND occur in patients over the age of 65.[11,12]

Sinus bradycardia—Sinus bradycardia is a common, usually normal and asymptomatic
finding, defined by a sinus rate of less than 60 bpm. It should be recognized that this cutoff
point is arbitrary. Although classified as an arrhythmia, it may be a normal variant in
patients whose parasympathetic system is particularly dominant, such as competitive
athletes. Although the prevalence of sinus bradycardia does not increase with age,
symptomatic sinus bradycardia due to sick sinus syndrome occurs almost exclusively after
the age of 65, at an estimated rate of one per 600 elderly cardiac patients.[9]

In the Baltimore Longitudinal Study of Aging (BLSA), 4.1% of 1172 healthy,
nonendurance-trained, unmedicated participants aged 40 or greater were found to have sinus
bradycardia (defined as a HR < 50 bpm) on resting ECG. Prevalence of unexplained sinus
bradycardia was similar between men (3.9%) and women (4.5%), and was associated with
an increased prevalence of conduction system abnormalities (43% vs 19%, p<0.05),
including first-degree AV block, left axis deviation, incomplete or complete RBBB;
however, none experienced syncope, high-degree AV block, or symptomatic sinus node
dysfunction. [13] There was no significant difference in major adverse cardiac events or
deaths between groups during an average 5.4 year follow-up.

In 1987, Kannel et al. reported results from the Framingham Heart Study, in which HR was
determined from resting ECG examinations in a supine position.[14] Of the 5070 individuals
who entered the study without history of cardiovascular disease, HR tended to increase with
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age in both men and women, with a linear increase in overall death rate observed with
increasing baseline resting HR.(Table 1) The prevalence of sinus bradycardia was low
(<5%) for both men and women older than 65 years..

ATRIOVENTRICULAR (AV) NODE AND HIS-PURKINJE SYSTEM
Aging results in varying degrees of calcification of the cardiac skeleton, particularly in the
region including the central fibrous body and the left-sided valves (aortic and mitral valve
rings). The AV node, AV bifurcation, as well as the proximal left and right bundle branches
are located near the central fibrous body, and are thus vulnerable to slowed signal
transmission with increasing age-related changes.

The PR interval undergoes a modest but significant prolongation with advancing age. In
46,129 subjects with very low probability of cardiovascular disease an increase in mean PR
interval occurred between the third and ninth decades of life, both in men (from 153 to 182
ms) and women (from 148 to 166 ms).[15] In the BLSA, a similar increase in PR interval
prolongation was seen between the ages of 30 and 72 years, in both men (159 to 179 ms)
and women (156 to 165 ms), due to prolongation of conduction proximal to the His bundle.
[16] Although PR prolongation is often seen in normal aging, exaggeration of this
phenomenon may clinically manifest as AV nodal block.

In contrast to the PR interval, QRS duration shows no significant age relationship, although
the QRS axis does shift leftward with age. Mason et al. reported a mean QRS axis shift from
56 to 8 degrees between the third and ninth decades, with corresponding lower limits
shifting from −3 to −60 degrees.[15] Thus, the prevalence of left axis deviation (defined as a
QRS axis <−30 degrees) increases to 20% by the tenth decade.[17] This age-associated
leftward QRS axis shift may be due in part to increases in left ventricular wall thickness.
Although some longitudinal studies have shown small increases in cardiovascular mortality
associated with this isolated ECG finding in the general population [18] or persons referred
for exercise testing [19], it remains unclear whether this increased risk extends to the
elderly.

Atrioventricular (AV) nodal block
First degree AV block—First degree AV block is defined as a PR interval of > 200 ms,
representing a delay in AV conduction within the AV junction, usually within the AV node.
The condition is usually asymptomatic and is associated with normal aging. The prevalence
of first-degree AV block in healthy older men is approximately 3–4%, which is severalfold
greater than in young men.[20]. In 1986, the Manitoba study analyzed the resting ECGs of
3983 healthy airmen who were followed for 30 years, reporting percentage distribution of
PR intervals according to age.[21] By the seventh decade, 20% of study participants had a
PR interval of at least 200 ms but a PR interval ≥ 220 ms was seen in only 4% of this group.
No significant differences in cardiac morbidity or mortality were observed in these latter
individuals compared to age-matched controls during 30 years of follow-up. [21]

Although previous cross-sectional and longitudinal studies have generally found no
correlation between first-degree AV block and cardiac disease [22] or mortality [21], a
recent report using 20-year follow-up data from 7,575 individuals in the Framingham study
(mean age 46 ± 15 years at baseline) demonstrated increased risks of atrial fibrillation,
pacemaker implantation, and all-cause mortality associated with PR interval prolongation,
even within the normal range.[23] In the Heart and Soul study representing 938 patients with
known stable coronary disease and mean age 66 years, an association was found between
first-degree AV block (defined as a PR interval ≥ 220 ms) and an increased risk of both
heart failure hospitalization (OR 2.33, 95%CI 1.49–3.65; P<0.01) and overall mortality (OR
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1.58, 95%CI 1.13–2.20; P<0.01) over a 5-year follow-up period. [24] Thus, the prognostic
significance of first-degree AV block may differ, depending on whether cardiac disease is
present.

Mobitz I second degree AV block—Mobitz I second degree AV block is characterized
by a progressively lengthening PR interval until complete block occurs in the AV node,
resulting in a non-conducted P wave. This conduction disorder is often asymptomatic and
clinically silent.

Although no large population-based studies specifically report the prevalence of Mobitz I
AV block, a study of 625 asymptomatic patients undergoing 24-hour ambulatory ECG
monitoring showed transient Mobitz I block in 2.2% of individuals, occurring more
frequently in those with a resting HR less than 60 bpm.[27] Of the 14 subjects who
experienced this conduction disorder, 64% were men, with a wide age distribution of 22 –
80 years (mean 42 ± 14 years). This wide age range likely encompasses both young subjects
with AV block due to high vagal tone and older subjects with AV block due to AV nodal
disease.

The natural history of Mobitz I block was examined in 147 patients from the Devon Heart
Block and Bradycardia Survey found to have Mobitz I block on resting ECG. Professional
athletes and patients with evidence of prior or coincidental Mobitz II or complete heart
block, transient block following acute infarction, or drug-induced block were excluded.[26]
Pacemakers were implanted in response to either significant symptoms associated with
Mobitz I block (i.e. pre-syncope, syncope, or confusion) or the subsequent development of
higher degree block. After 1982, elderly patients were offered prophylactic pacemaker
implantation if no contraindications existed. Of the 147 study patients, 90 (61%) received
pacemakers. Patients ages 45–79 years who received a pacemaker enjoyed a significantly
improved 5-year survival rate, while those over 80 years showed a non-significant survival
advantage over those not receiving a pacemaker (Table 2).

High degree AV block—The term “high degree AV block” (HAVB) encompasses both
Mobitz II second degree AV block and third-degree (or complete) AV block, both of which
usually require a permanent pacemaker. HAVB may occur either as an isolated diagnosis in
the elderly, often in the setting of hypertension and/or diabetes mellitus, accounting for
approximately 40% of all implanted pacemakers in the United States[27], or as a
complication following acute myocardial infarction, cardiac surgery, endocarditis, or other
cardiac injury.

The overall prevalence of HAVB in the general population is low. For the assessment of
third-degree heart block, the Reykjavik Study prospectively evaluated 9139 men and 9773
women aged 33 – 79 years with baseline ECGs over a 24-year period.[28] Complete AV
block was found in only 11 individuals (0.04%, mean age 55 years), and was transient in 7
(64%) of these 11 cases.

In the largest pacemaker and implantable cardioverter-defibrillator (ICD) survey ever
performed, data on more than 80% of all devices implanted worldwide during 2009 were
analyzed by Mond and colleagues.[29] Of the 61 countries participating in the survey, the
United States implanted the most devices (n=225,567), with Germany implanting the most
devices per capita (927 devices per million population). In countries reporting the
prevalence of pacemaker implantation for the indication of HAVB, results were highly
variable between nations – from 15% (Greece) to 95% (Sudan) of all procedures performed.
The mean age of patients receiving a pacemaker also varied significantly (men: mean 44
years (Qatar) to 78 years (Puerto Rico); women: mean 47 years (Qatar) to 80 years (Italy)).
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Despite many differences in accessibility of healthcare and availability of pacemakers to the
populations of the world, patients older than 60 years consistently comprised the largest
group of pacemaker recipients, with the highest proportions in Uruguay (94%) and Italy
(95%).

His-Purkinje conduction abnormalities
Right bundle branch block—Right bundle branch block (RBBB) increases in
prevalence with age. In the Framingham Heart Study, the incidence of RBBB peaked in men
in the seventh decade, while a continued rise occurred in women throughout the study
period.[30] In total, 70 new cases of RBBB were detected during the 18-year follow-up
period, representing 1.3% of the total study population. Although the initial appearance of
RBBB was not associated with adverse clinical events, subsequent incidence of coronary
artery disease was 2.5 times greater (P<0.001) and congestive heart failure was almost 4
times greater (P=0.02) in patients with RBBB compared to those without by the end of the
study period.

In the BLSA, RBBB was observed in 39 of 1142 (3.4%) men on resting ECG, of whom 24
(2.1%) had no evidence of associated cardiac disease. Mean age on presentation with, or
development of, RBBB was 64 ± 13.5 years. In both the BLSA and Framingham cohorts,
the diagnosis of RBBB in persons without concurrent clinical heart disease was not
associated with major adverse cardiac events.[31] In the Reykjavik Study, RBBB increased
in prevalence from 0% in persons 30–39 years to 4.1% of men and 1.6% of women 75–79
years old. In men but not women, RBBB was associated with cardiomegaly, ischemic heart
disease, and arrhythmias on resting ECG. However, neither total nor cardiovascular death
were associated with RBBB on multivariate analysis. [32]

Left bundle branch block—In contrast to RBBB, left bundle branch block (LBBB) is
more specific for the presence of cardiovascular disease (e.g. antecedent hypertension,
cardiac enlargement, cardiomyopathy, or coronary heart disease).[33, 34] The prognosis of
patients with LBBB, therefore, is closely tied to that of the underlying heart disease.

Both incidence and prevalence of LBBB increase with age. In the Framingham Heart Study,
55 new cases (31 men, 24 women) of LBBB were detected during the 18-year follow-up
period, representing 1.1% of the total study population.[33] Mean age at onset of LBBB was
62 years (range 36 – 78 years). Only 15 (27%) of the 55 new cases of LBBB were free from
all preceding cardiovascular abnormalities, although 5 (33%) of the 15 eventually developed
coronary heart disease – a rate more than three times higher than control subjects without
LBBB.

The Irish Heart Foundation screened a large general population (n=110,000) from 1968 to
1993 using a single resting ECG, revealing 112 subjects (0.1%) with LBBB and no prior
history of hypertension or heart disease.[34] Follow-up of all cases and controls matched for
age and sex was performed in 1993 via postal questionnaire, completed in 98% of cases and
97% of controls. Individuals with LBBB had a mean age of 51 ± 13 years and were
predominantly male (73%). The prevalence of LBBB increased with age in both men and
women (Figure 1). Cardiovascular disease developed in more patients with LBBB than in
controls (21% vs 11%; P=0.04), although the incidence of cardiac death was not
significantly increased. Two (1.9%) of the 112 subjects with new LBBB eventually required
permanent pacemaker implantation.
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TACHYARRHYTHMIAS
Tachyarrhythmias form a large, heterogenous group of disorders in older adults. Below, we
discuss the epidemiology of supraventricular and ventricular tachyarrhythmias in the elderly
population.

Supraventricular tachyarrhythmias
Sinus tachycardia—Sinus tachycardia (ST) is common, may present without symptoms,
and is usually a result of anxiety, fever, thyrotoxicosis, acute hypovolemia/anemia, or other
acute illness. Because sinus tachycardia generally results from increased sympathetic and/or
reduced parasympathetic tone, many texts classify this rhythm as a physiologic sign rather
than a free-standing arrhythmia – just as ‘fever’ is generally considered a symptom rather
than a diagnosis. As such, its overall incidence and prevalence are difficult to ascertain, as
there are a myriad of etiologies, and the condition is usually transient in nature.

Supraventricular premature beats—Supraventricular premature beats, including atrial
premature beats (APB) and those of junctional origin, occur on resting ECG in 5–10% of all
individuals older than 60 years and are commonly seen during ambulatory 24-hour
monitoring. Among 1372 predominantly healthy individuals aged 65 and older in the
Cardiovascular Health Study (CHS), isolated APB were seen in 97% in a 24-hour period.
[35] In healthy BLSA volunteers older than 60 years, resting ECGs demonstrated APB in
6%, exercise stress testing provoked APB in 39%, and 24-hour ambulatory monitoring
captured APB in 88%.[36] Even when frequent, supraventricular premature beats on
ambulatory monitoring were not predictive of increased adverse cardiac outcomes over a 10-
year mean follow-up period.[37]

Atrial fibrillation—Atrial fibrillation (AF) is the most prevalent clinically significant
rhythm disorder in the elderly, affecting approximately 2.3 million Americans, comprising
around 6% of those over 65 years and 12% of individuals above 85 years [38, ].
Furthermore, the prevalence of AF is projected to increase 2.5-fold over the next 50 years.
[38] In 1995, Feinberg and colleagues[39] reported the combined age-specific prevalence of
AF from four large studies: the Framingham,[40] Western Australia,[41] Rochester,[42] and
Cardiovascular Health Study (CHS) (Figure 2).[43] The authors found that the overall
prevalence of AF was higher in men than in women for all age groups, but because there
were almost twice the number of women than men >75 years in the general population, the
absolute numbers of women and men with AF were similar. A recent meta-analysis[44] of
10 studies involving 1,031,351 subjects found a markedly lower prevalence of AF in African
Americans compared to Caucasians (OR 0.51, 95%CI 0.44 – 0.59, P<0.001) in both the
general population and in those over 60 years of age.

Numerous factors likely contribute to the increase in AF prevalence with age, including an
increased prevalence of comorbid conditions, such as hypertension, diabetes, thyrotoxicosis,
and mitral valve disorders.[45] Increased left atrial size, which provides an anatomical
substrate for wavelets of micro-re-entry, is common among elderly individuals, and is an
independent predictor of AF.[46] An age-related increase in left ventricular stiffness, with
resulting diastolic dysfunction and elevated left atrial pressure, may also serve as an
important contributor.[47] AF may arise without obvious comorbidities (“lone AF”),
accounting for 17% of men and 6% of women with this arrhythmia (mean ages 70.6 and
68.1 years, respectively) in the Framingham study.[48] Lone AF was associated with a 4-
fold higher rate of strokes but no increase in coronary events or heart failure over long-term
follow-up. AF accompanying structural heart disease is associated with increased rates of
heart failure, stroke and cardiovascular death. AF accounts for nearly one quarter of strokes
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occurring among octogenarians compared with only 1.5% in persons in their 50s. [49] AF is
also a major predisposing factor to heart failure with preserved EF, the predominant form of
heart failure in the elderly. [50]

Post-operative AF occurs in up to 40% of patients after cardiac surgery and is a major
source of increased morbidity, hospital stay and costs in these patients. [51] Advanced age is
a potent risk factor for post-operative AF. [51,52]

Despite advances in blood pressure control and risk factor management over the past
decade, the high incidence of AF in older adults continues unabated. Recent research
indicates that approximately 10% of patients over the age of 65 who have pacemakers or
ICDs had subclinical and previously undetected AF, discovered when their devices were
routinely interrogated three months following implantation.[53]

Atrial flutter—Atrial flutter (AFL) is a relatively uncommon arrhythmia in adults, caused
by a macro-reentrant loop in either the right or left atrium. In a recent population study of
over 54,000 individuals, the 4 year incidence of AFL was 0.14%, AF was 0.73%, and a
combination of AFL and AF was 0.19%. The mean age of AFL and AF cohorts were 70 and
72 years, respectively (P=NS).[54] Although many predisposing factors are shared between
AFL and AF (with many patients affected by both arrhythmias), subjects with AFL without
concurrent AF were more likely to have had a history of obstructive lung disease (25% vs
12%, P=0.006) and heart failure (28% vs 17%, P=0.05), while hypertension was more
common (63% vs 47%, P=0.01) in the cohort with AF without concurrent AFL. [54]

Paroxysmal supraventricular tachycardia—Supraventricular tachycardia (SVT) is a
general term, encompassing the diagnoses of atrial tachycardia (AT), atrioventricular nodal
re-entrant tachycardia (AVNRT), and atrioventricular reciprocating tachycardia (AVRT).
Short, largely asymptomatic bursts of SVT have been observed in up to 50% of the normal
elderly population in prior studies utilizing 24-hour monitoring,[35, 36 ] with increasing
incidence associated with advanced age. Prevalence of clinically-evident paroxysmal SVT
also increases with age, occurring in an estimated 6.16 cases per 1,000 population in patients
> 65 years.[55] In the BLSA, short PSVT bursts detected during exercise testing also
became more prevalent with age, but did not presage increased risk of subsequent coronary
events in clinically healthy older adults.[56] The prevalence of exercise-associated PSVT
episodes steadily increased in men, but reached a plateau after the age of 60 years in women
(Figure 3).

Ventricular tachyarrhythimas
Ventricular premature beats and non-sustained ventricular tachycardia—
Ventricular premature beats (VPB) increase in prevalence with advancing age, in both
unselected patient populations and those clinically free of heart disease. An evaluation of
approximately 2,500 ECGs from elderly hospitalized patients revealed VPB in 8%,[57]
while resting ECGs in apparently healthy BLSA volunteers with a normal ST-segment
response to treadmill exercise showed isolated VPB in 8.6% of men over the age of 60,
compared to only 0.5% in those in the 20–40 year age range.[58] Interestingly, there was no
correlation of VPB prevalence with age in women.

Ambulatory 24-hour ECG recordings in multiple studies have shown a significantly higher
prevalence of VPB, ranging from 69% to 96%, in the asymptomatic elderly compared to
younger age groups.[35,36,59,60] In the CHS, VPB were found in 82% of 1372 elderly
subjects, including 3- to 5-beat runs of non-sustained ventricular tachycardia (VT). [35]
VPB were seen in 96% of individuals older than 80 years without clinical heart disease
(n=50).[59] In 98 asymptomatic BLSA participants older than 60 years, 35% had multiform
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VPB, 11% VPB couplets, and 4% brief bursts of nonsustained VT.[36] After a mean 10-year
follow-up period, 14 (14.3%) of the 98 participants developed coronary events, with a
virtually identical prevalence and complexity of VPB in those with and without events. [37]
Thus, despite the presence of an increased prevalence and complexity of VPB in
asymptomatic elderly, their prognostic significance appears minimal in the absence of
clinical heart disease.

Exercise stress testing is also associated with a marked increase in the prevalence and
complexity of VPB occurrence with age. In a comparison of apparently healthy BLSA
volunteers between the third and ninth decade, isolated VPB during or after maximal
treadmill stress testing increased in prevalence from 11% to 57% from the third through the
ninth decade.[58] Asymptomatic, exercise-associated runs of nonsustained VT (all ≤ 6
beats), were seen in 4% of BLSA volunteers aged 65 or older, a rate 25-fold higher than that
of younger persons.[61] Over a two-year mean follow-up period, no study participant with
nonsustained VT during exercise developed angina, myocardial infarction, syncope, or
sudden death. In this same BLSA population, frequent or repetitive VPB during or after
exercise testing were seen predominantly in older individuals, but were similarly
unassociated with cardiovascular prognosis over 5.6 years of mean follow-up. [62]
However, in a younger French cohort of 6101 men (aged 48 ± 2 years) initially free of
clinical cardiovascular disease, those who had frequent VPB during exercise had a 2.5-fold
increased risk of cardiovascular death over 23 years of follow-up, independent of standard
coronary risk factors.[63]

Although the occasional VPB on resting ECG or during exercise stress testing does not
portend a poorer prognosis in apparently healthy individuals, in older patients with coronary
disease, the presence of complex VPB is an adverse prognostic indicator. In 467 patients
aged 62 – 102 years in a long-term care facility, complex VPB occurred in 21%.[64] In
those without a history of coronary disease, the future coronary event rate (4%) was similar
to that of the general nursing facility population, while in those with coronary disease and
complex VPB, the future event rate was over 11-fold higher (46%). Thus, it is important to
ascertain the presence or absence of cardiovascular comorbidities in older persons with
VPB.

Sustained ventricular tachycardia and sudden arrhythmic death—Sustained VT
is a potentially life-threatening arrhythmia which occurs in two major forms: monomorphic
(usually “macro re-entrant” and scar-related) and polymorphic (usually ischemia-related).
Sudden arrhythmic death refers to hemodynamically-unstable VT or ventricular fibrillation
(VF), and accounts for the majority of all episodes of sudden cardiac death (SCD), a
diagnosis which includes hemodynamically-unstable VT, VF, asystole, and non-arrhythmic
cardiac causes. Sudden cardiac death is responsible for an estimated 184,000 – 462,000
American deaths yearly, and is a major cause of mortality in the elderly.[65]

The Framingham Heart Study compared the incidence of SCD in women and men across all
age groups (n=5209), aged 30 – 62 years at study entry.[66] Women comprised just over
half of the study population (n=2873, 55%), with a peak incidence of SCD which lagged that
of men by > 10 years. Congestive heart failure increased the risk of SCD by 5-fold in
women and 16-fold in men. The incidence of SCD progressively increased with age,
especially after age 74 years, reflecting the high prevalence of structural heart disease in the
elderly (Figure 4).
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SUMMARY
Aging is associated with a myriad of changes in the cardiac conduction system, some of
which manifest in association with cardiovascular disease, and others develop as part of
normal aging. These changes include sinus node dysfunction, slowing of AV nodal
conduction, left axis deviation, bundle branch blocks, and an increased prevalence of both
supraventricular and ventricular premature beats and arrhythmias. LBBB, AF, and sustained
VT are particularly predictive of future adverse cardiac events, and frequently herald the
presence of underlying cardiovascular disease. The prognostic significance of any given
conduction abnormality or rhythm disturbance is dependent primarily on the presence and
severity of any accompanying cardiac disease. Gaining an appreciation of the epidemiology
of cardiac conduction disorders and arrhythmias in the elderly will assist the practitioner in
differentiating ECG findings that represent normal aging from those suggesting a disease
process requiring further evaluation.
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Key Points

1. Changes in the cardiac conduction system include sinus node dysfunction,
slowing of AV nodal conduction, left axis deviation, bundle branch blocks, and
an increased prevalence of both supraventricular and ventricular premature beats
and arrhythmias. LBBB, AF, and sustained VT are particularly predictive of
future adverse cardiac events, and frequently herald the presence of underlying
cardiovascular disease.

2. The prognostic significance of any given conduction abnormality or rhythm
disturbance is dependent primarily on the presence and severity of any
accompanying cardiac disease.

3. Gaining an appreciation of the epidemiology of cardiac conduction disorders
and arrhythmias in the elderly will assist the practitioner in differentiating ECG
findings that represent normal aging from those suggesting a disease process
requiring further evaluation.
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Figure 1.
Prevalence of LBBB in the Irish Heart Foundation study, according to age. The incidence
and prevalence of LBBB increases with age, with highest levels seen in the elderly cohort.
LBBB, left bundle branch block. Adapted from Fahy et al., 1996 [34]
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Figure 2.
Prevalence of atrial fibrillation in four population-based surveys. The incidence and
prevalence of atrial fibrillation increase with age, with highest rates seen in the elderly.
Adapted from Feinberg et al., 1995 [39]
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Figure 3.
Prevalence of exercise-associated PSVT in the BLSA, stratified by age group. The
prevalence of PSVT increased steadily in men, whereas a plateau was seen in women after
the age of 60 years. PSVT, paroxysmal supraventricular tachycardia; BLSA, Baltimore
Longitudinal Study of Aging. Adapted from Maurer et al., 1995 [56]
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Figure 4.
Incidence of sudden death in the Framingham study, grouped by age and sex. Incidence of
sudden death progressively increased with increasing age, affecting men more frequently
than women in each age group. Adapted from Kannel et al., 1998 [66]
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