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In the next 20 years, the percentage of people older than 65 years
of age in the United States is expected to double. Heart disease is
the leading cause of mortality in developed nations, including the
United States. Due to the increased incidence of cardiac disease in
elderly patients, the need for special treatment considerations, in-
cluding cardiac devices, may be necessary to reduce morbidity and
mortality in this patient population. The purpose of this review is to
provide a primer of the common cardiac devices used in themanage-
ment of cardiac disorders in the geriatric patient population. In or-
der to do this, we have performed a literature review for articles re-
lated to cardiac devices published between 2000 and 2020, in ad-
dition to reviewing guidelines and recommendations from relevant
professional societies. We provide readers with an overview of sev-
eral cardiac devices including implantable loop recorders, pacemak-
ers, cardiac resynchronization therapy, automated implantable car-
diac defibrillators, watchman devices, and ventricular assist devices.
Indications, contraindications, clinical trial data, and general consid-
erations in the geriatric population were included. Due to the ag-
ing population and increased incidence of cardiac disease, clinicians
should be aware of the indications and contraindications of cardiac
device therapy in themanagement of various cardiac conditions that
aȞȠlict the geriatric population.
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1. Introduction
Due to tremendous advances in the field of medicine, life-

expectancy in many developed countries has increased over
the past several decades and continues to increase. The per-
centage of the population above the age of 65 is projected
to nearly double from 12% in 2010 to 22% in 2040 [1]. Be-
cause of the fact that the population is aging, we aremanaging
more acute and chronic conditions in the geriatric popula-
tion. However, treating this patient population may not be

as simple as we once believed.
As humans age, the impact of cardiologic conditions

greatly increases. As humans age, ventricular hypertro-
phy occurs, resting heart rate decreases, total blood vol-
ume lessens, vascular resistance increases, and tachycardia re-
sponses are blunted [2]. Additionally, the elderly experience
blunted renin-angiotensin systems, blunted baroreflex mod-
ulation, and variability in blood pressure which may make it
difficult for elderly patients to tolerate traditional therapeu-
tics [2]. These factors may make management of this grow-
ing patient population more challenging. Although valiant
efforts have been made to create age-specific recommenda-
tions by both national and international medical associations
[3, 4], treating the geriatric population is an area that requires
continued attention in modern day medicine.

Cardiovascular disease is the leading cause of death in the
elderly patient population. According to the American Heart
Association (AHA), 69% of men and 67% of women aged 60-
75 years suffer from cardiovascular disease [5]. After the
age of 80 years, these numbers increase to 84% and 85% in
men and women, respectively [5]. The cardiovascular dis-
eases that afflict this population include, but are not limited
to, coronary artery disease, heart failure, hypertension and
arrhythmic disorders. Furthermore, interventions with car-
diac devices are often implemented in the elderly. For ex-
ample, 28% of Automated Implantable Cardiac Defibrillators
(AICDs) placed are in patients 79 years old or older [6]. Over
40% of AICD placements occur in patients over the age of 70
[6]. With regard to pacemaker placement, the average age of
patients receiving them is 75 years old [7].

The aim of this review is to provide an overview of the
main indications and contraindications for several of the
most common cardiac devices for primary care reference. In
addition, we review published data specific to the geriatric
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population while highlighting special considerations for the
use of implantable cardiac devices. The most common car-
diovascular condition encountered in the primary care geri-
atric population is heart failure, with an incidence of roughly
10 in 1000 people above the age of 65 [5]. In advanced
stages, heart failure patients may require device support such
as cardiac resynchronization therapy (CRT) with or without
an implantable cardiac defibrillator (ICD). In very advanced
stages, these patients may require even more extreme mea-
sures such as left ventricular assist devices (LVAD). Arrhyth-
mic disorders, in particular atrial fibrillation (AF), also fre-
quently affect the elderly population. AF is the most com-
mon arrythmia encountered in this population, and 70% of
patients suffering from AF are between the ages of 65 and 80
[8]. The incidence of AF is projected to continue increasing,
and as such, studying morbidity and mortality benefits of de-
vice implantation in these individuals is of the utmost impor-
tance. Other arrhythmic disorders, such as bradyarrhythmia
requiring implantation of pacemaker devices, are frequently
encountered in geriatric patients as well, and are reviewed in
this manuscript. It is our hope that this manuscript will pro-
vide a concise and comprehensive review of cardiac devices
for reference to primary care physicians.

2. Methods
A literature review in July, 2020 was performed by the

lead author for articles related to different cardiac devices
in the geriatric population. We searched PubMed, Google
Scholar, Cochrane Library, and Ovid MEDLINE using the
keywords: “geriatric” and “elderly” with “cardiac”, or “de-
vices”, or “implantable loop recorder”, or “pacemaker”, or
“cardiac resynchronization therapy”, or “AICD”, or “watch-
man”, or “left ventricular assist device”. We then reviewed
publications in English between the years 2000-2020. In ad-
dition, we reviewed the guidelines of various professional or-
ganizations including the American Heart Association and
American College of Cardiology. After the search, 54 ab-
stracts were chosen based on relevance to the topic and the
manuscripts were reviewed and agreed upon amongst all of
the authors. Exclusion criteria consisted of duplicates, ab-
stracts, non-English articles, and works that were unpub-
lished or unrelated to the topic of interest.

3. Discussion
3.1 Implantable loop recorders

Implantable Loop Recorders (ILR) are devices placed
subcutaneously for the detection of arrythmias over longer
periods of time when compared to ECG or Holter Monitors.
Modern ILRs range in size from 4-9 cm with an average bat-
tery life of 3 years. This allows patients with episodes of re-
current syncope to uncover the potential arrhythmic etiol-
ogy. It is estimated that one third of unexplained falls in the
elderly are due to cardiac causes [9]. Yet, only around 10% of
those individuals receive an ILR [9].

Quality of life in individuals with recurrent syncope has

been shown to be equivalent to that of severe rheumatoid
arthritis [10]. As Shen et al. pointed out, quality of life is de-
creased and psychosocial burden in increased due to syncope
and is supported by studies that examined patients with and
without recurrent syncope [10]. Thus, there appears to be
great benefit in utilizing ILR to uncover sporadic arrythmias.

Most frequently, ILRs are used to detect infrequent ar-
rhythmic episodes that may cause syncope [11]. Due to the
ease of placement of these devices, ILRs are frequently be-
ing used in place of traditional monitoring strategies to de-
tect rhythm disturbances in patients suffering from recur-
rent syncope, palpitations, or cryptogenic stoke [11]. Fur-
ther, ILRs can be used in patients with inherited arrhythmic
disorders or structural heart disease to monitor for the devel-
opment of ventricular tachyarrhythmias [11].

There are several indications for the placement of ILRs.
Class 1A indications include patients with recurrent, unex-
plained syncope who are not high-risk and who do not re-
quire hospitalization, as long as the likelihood of recurrence
is within the lifetime of the device battery [12]. Addition-
ally, if a high-risk patient had an evaluation in which the
cause of syncope was not determined, an ILR is also indi-
cated [12]. Class 2A indications include implantation for the
assessment of bradycardia in patients with neurally mediated
syncopal episodes to determine the need for pacemaker im-
plantation [12]. Further, if patients suffer from severe symp-
toms in which routine EKG monitoring is unable to deter-
mine a cause, ILR should be utilized [12]. Lastly, implanta-
tion of an ILR is a Class 2B indication in patients with loss of
consciousness who need to definitively rule out arrhythmia
as a cause of syncope [12]. Considering the advancements
in size and placement of ILRs, there are relatively few con-
traindications to placement. Situations in which placement
of an ILR may be contraindicated include ongoing infection
or bleeding.

Few studies have evaluated the difference in all causemor-
tality in groups undergoing ILR implantations compared to
conventional management. A systematic review by Solbiati
et al. evaluated trials comparing ILR vs conventional workup
(ECG) for unexplained recurrent syncope [13]. Based on the
results of the systematic review, it was determined that there
is no evidence that ILR implantation reduces long-termmor-
tality compared to conventional diagnostic assessment with
electrocardiogram [13]. There were no studies examining
short termmortality benefit. Finally, therewasmoderate evi-
dence showing that ILR implantation increased the rate of de-
termining a diagnosis for unexplained syncope compared to
conventional assessment [13]. Other studies have also con-
firmed the benefit of ILR in establishing a diagnosis in cases
of syncope, palpitations, and AF [14, 15].

Although there is no immediate improvement of symp-
toms in patients undergoing ILR placement, there is evidence
that utilization of these devices improves quality of life [16].
Patients with recurrent syncope often have anxiety and fear
of suffering from additional episodes. Farwell et al. found
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that at 18 months post implantation patients had improved
general well-being, measured using questionnaires [16]. It
is thought that this improvement is multifactorial, both due
to an improved confidence that their next episode will be
recorded as well as implementation of appropriate therapy
and resolution of symptoms when a diagnosis is captured
[16].

3.2 Pacemakers
Cardiac Pacemakers are devices which are utilized to stim-

ulate the myocardial tissue and provide an action potential
leading to contraction. They consist of a pulse generator
and 1 or more leads depending on the underlying electri-
cal abnormality [17]. Traditionally, ventricular leads were
placed at the right ventricular apex, however novel meth-
ods of septal pacing are being utilized. These utilize the His-
Purkinje system in order to effectively transmit electrical con-
duction through the ventricles, termed His bundle pacing
[18]. Biventricular pacing is also utilized, in which a lead is
placed into the coronary sinus in order to pace the left ven-
tricle [19].

General guidelines have been established by a joint com-
mission of the American College of Cardiology (ACC),
American Heart Association (AHA) and the Heart Rhythm
Society (HRS) regarding the placement of pacemakers [19].
The broad classifications for implantation include: pacing for
acquired AV block in adults, pacing for chronic Bi-fascicular
and Tri-fascicular block, pacing for AV block associated with
myocardial infarction, pacing in sinus nodal dysfunction, pre-
vention and termination of tachyarrhythmias by pacing, pac-
ing in hypersensitive carotid sinus and neurallymediated syn-
dromes [19].

The ACC/AHA/HRS guidelines identify Class III crite-
ria in which the risks of pacemaker implantation outweigh
the benefits. Proper evaluation of the patient’s symptomol-
ogy secondary to SA Node dysfunction or AV block is re-
quired before consideration [20]. Additionally, as implanta-
tion requires jugular or subclavian access, local or systemic
infections are contraindications [20]. Severe predisposition
to bleeding or active anticoagulation are relative contraindi-
cations [20].

Complications related to pacemaker use are estimated to
occur in approximately 6% of cases. The most frequent com-
plication is lead dislodgement, with atrial lead dislodgement
more common than ventricular dislodgement [21]. Pneu-
mothorax, damage to arterial and neural structures, air em-
bolism, thrombosis, and cardiac wall rupture are also poten-
tial complications during implantation [21]. Complications
may also occur secondary to the surgical pocket in which the
pacemaker is implanted. These include bleeding, erosion,
and infection [21]. Lastly, patients may suffer complications
related to device function [21]. As a result, careful weigh-
ing of risks and benefits, in addition to attention to quality of
life, must occur to determine if an elderly patient would truly
benefit from a pacemaker.

A study byGillam et al. evaluated the type and frequency of

hospital readmissions and mortality after pacemaker implan-
tation in Australia [22]. In the study, they found that approx-
imately 9% of patients were readmitted secondary to cardiac
complications, including heart failure, myocardial infarction,
arrhythmias, or need for lead adjustment [22]. Further, the
rate of readmission was higher in patients with single cham-
ber pacemakers compared to dual chamber devices [22].

One final concern that should be considered is safety is-
sues surrounding magnetic resonance imaging (MRI) in pa-
tients with implantable electronic devices. Due to poten-
tially ferromagnetic materials used in the manufacturing of
leads, there is a risk of interaction when exposed to the mag-
netic field. Potential complications include device malfunc-
tion from electromagnetic interference, lead heating, and
lead dislodgment [23]. While MRI-conditional devices are
now widely available, there are still concerns regarding com-
plications, especially in older devices. However, a study by
Hwang et al. evaluating the outcomes ofMRI in patientswith
pacemakers concluded that MRI is safe under close medical
supervision in both non-MRI conditional and MRI condi-
tional devices [23].

3.3 Cardiac resynchronization therapy
Cardiac resynchronization therapy (CRT) is a frequently

used treatmentmodality to reduce all-causemortality in heart
failure patients. It can be implanted alone or in combination
with defibrillator to prevent sudden cardiac death. Heart fail-
ure is one of the most common elderly presentations from a
primary care standpoint, as mentioned previously. Thank-
fully, use of CRTs in the elderly population is quite common
with 26% of patients receiving CRT being above the age of
80 [24].

Class 1 indication for CRT includes patients with signifi-
cant left ventricular dysfunction (ejection fraction< 35%), si-
nus rhythm, left bundle branch block (LBBB) with prolonged
QRS (> 150ms), and patientswith advancedNewYorkHeart
Association (NYHA) functional class who are failing optimal
medical therapy [25]. It may also be considered in those with
LBBB and QRS 120-149 ms if they meet all other criteria
[25]. Other patients who may benefit from CRT are those
with atrial fibrillation (AF) if they otherwise meet CRT cri-
teria and those with NYHA class I and an ischemic etiology
of heart failure with ejection fraction 30% or less and LBBB
with QRS 150 ms or greater. See Fig. 1 for an outline of the
decision-making process regarding CRT.

Despite the fact that current recommendations do not
specify an age-limit for CRTs, they advise against the use of
such devices in frail elderly patients with a life-expectancy of
less than one year [25]. Some believe that CRTmay not pro-
vide the same morbidity and mortality benefit in elderly pa-
tients when compared to younger patients. This theory is
based on the observation that the effects of CRT are lim-
ited in patients with increased myocardial scar burden, ex-
treme ventricular dyssynchrony, and concomitant valvular
dysfunction, all of which are more prevalent in the geriatric
population. Additionally, the benefit of CRT in the setting of

Volume 22, Number 1, 2021 41



Fig. 1. Suggested approach to CRT and ICD decision-making emphasizing the importance of life-expectancy evaluation, counselling and goals
of care discussion. Green: Class I recommendations. Abbreviations: LVEF: left ventricular ejection fraction, LBBB: left bundle branch block, AF: atrial
fibrillation, NYHA: new york heart association, CRT: cardiac resynchronization therapy, ICD: implantable cardiac defibrillator, LVAD: left ventricular assist
device. *Provided that patients have been on optimalmedical therapy for 40 days postmyocardial infarction or threemonths after revascularization. ◦Provided
that patients have been on optimal medical therapy for three months.

renal failure, commonly afflicting the elderly population, has
not been determined.

The discrepancy between the age-group of patients in tri-
als on which recommendations are based versus the age-
group of actual patients requiring CRT in the clinical setting
have led to the publication of studies focusing on the bene-
fit of CRT in the elderly. Sub-group analysis of patients aged
65 and older from the Cardiac Resynchronization Heart Fail-
ure (CARE-HF) and Comparison of Medical Therapy, Pac-
ing and Defibrillation in Heart Failure (COMPANION) tri-
als revealed decreased morbidity and mortality in patients
with CRT defibrillators (CRT-D) in comparison to CRT
pacemakers (CRT-P), while CRT-P in turn was found to be
more beneficial than optimal medical therapy alone [26, 27].
Similarly, results from theMulticenter Automatic Defibrilla-
tor Implantation Trial-Cardiac Resynchronization Therapy
(MADITCRT) showed reduced incidence of heart failure and
death with CRT-D in patients 60 years and older, however
this reduction was less prominent in those younger than 60
years [28]. Killu et al. reviewed CRT cases to asses mortal-
ity benefits specifically in the elderly population [29]. Of 728

patients, 12% (90 patients) were above the age of 80 years. It
was noted that despite overall survival rates being lower in
the elderly, both octogenarians and younger groups showed
similar clinical improvement in NYHA functional class and
EF, suggesting that there is indeed improvement in morbid-
ity and quality of life. Similarly, Martens et al. studied the
clinical response to CRT and outcomes in those aged 80-89
years [24]. The octogenarians (178 patients) and the younger
group (508 patients) showed similar improvement in symp-
toms and EF [24]. Although mortality rates were still higher
in the elderly group, the survival rates and life expectancy of
the elderly with heart failure with reduced ejection fraction
(HFrEF) receiving CRT were comparable to an age-matched
population without heart failure [24]. This finding leads us
to believe that theremay indeed be somemortality benefit for
CRT in the elderly after all.

In regards to the addition of defibrillator (CRT-D) in el-
derly patients, there is not enough data to establish clear
guidelines [30]. There are reports suggesting that fatal arry-
thmias are less frequent in the elderly compared to younger
patients, raising question regarding the true benefit of CRT-
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D in geriatric patients [31]. Further, in contrast to the
CARE-HF and COMPANION trials, a 2018 study by Doring
et al. revealed a lack of survival benefit in patients above the
age of 75 who received CRT-D versus CRT-P alone [32].

There are special considerations that must be taken into
account when treating the elderly with CRT devices. One
must know that heart failure is rarely an isolated disease in the
elderly, and the risk of death from noncardiac comorbidities
in this population is higher than in their younger counter-
parts. Recently, authors have suggested performing frailty
assessment in elderly patients being considered for such in-
terventions [33]. Kubala et al. found that those with higher
frailty scores showed less response to CRT, had higher rates
of hospital admissions due to HF, and increased mortality
[33]. Other clinical risk scoring systems have recently been
created to help aid in the decision between CRT-P versus
CRT-D in the elderly; factors that are considered include age,
associated atrial fibrillation, comorbidities including renal or
hepatic impairment and degree of left ventricular dysfunc-
tion [34]. These scoring systems help select patients with
lower risk of early noncardiac death who are more likely to
benefit from CRT-D [34]. Independent of these clinical risk
scores, one must consider the patient’s desires and goals of
care, overall quality of life, functional status and cognitive
state before deciding on a treatment plan. These additional
factors are what render the decision-making process in the
geriatric population complex and a true clinical challenge.

3.4 Automated implantable cardiac defibrillator (AICD)
Implantable cardiac defibrillators are used for primary

prevention of sudden cardiac death (SCD) in high risk pa-
tients and secondary prevention in those who previously suf-
fered from life-threatening arrythmia (ventricular tachycar-
dia, ventricular fibrillation) or cardiac arrest. High risk pa-
tients include those with previousmyocardial infarction (MI)
and EF 30% or less, NYHA functional class II-III with EF 35%
or less, or those with ischemic cardiomyopathy with NYHA
functional class I and EF 30% or less [35]. Patients with is-
chemic cardiomyopathy should be assessed 40 days after MI
or at least three months after revascularization. For those
with nonischemic cardiomyopathy, they should be on opti-
mal medical therapy for at least three months prior to evalua-
tion for ICD [35]. Some patients with NYHA functional class
IV may be considered for ICD placement as bridging therapy
to cardiac transplantation or LVAD [35]. Fig. 1 provides an
outline of the decision-making process regarding ICD place-
ment in the elderly.

ICD, however, is not recommended in those with life-
threatening arrythmias secondary to reversible causes such as
drugs, electrolyte imbalances or conditions amenable to sur-
gical or catheter-ablation. Additionally, patients in NYHA
functional class IV should not receive ICDs unless they are
candidates for LVADor cardiac transplantation due to higher
rates of death from advanced HF as opposed to fatal arryth-
mias in this group. In addition, it is not recommended to use
ICDs in those with a life-expectancy less than one year.

In the elderly population in particular, confounding fac-
tors such as havingmultiple comorbidities and polypharmacy
increases the risk of noncardiac death, greatly impacting life-
expectancy. In fact, Healey et al. reviewed 1866 patients with
a history of ventricular arrythmias undergoing ICD place-
ment divided into two groups; those younger than 75 years
and those 75 years and older [36]. They concluded that most
elderly patients with a history of ventricular arrythmias died
from non-arrythmia related conditions [36]. Therefore, the
benefit of ICD in this patient population is brought to ques-
tion as it may not provide the same mortality benefit it pro-
vides younger patients. In contrast, Yung et al. found that
despite the fact that elderly patients receiving ICDs did in-
deed have higher mortality rates, the number of appropri-
ate shocks delivered were equivalent to those of the younger
group, thus emphasizing that age alone should not be the piv-
otal point in deciding who is a candidate for ICD [37].

Although ICD use can potentially prevent arrythmia-
induced death, it is imperative that we take a multifaceted
approach when deciding whether to utilize these devices in
elderly patients. Similar to CRT, it is important to con-
sider baseline functional status, quality of life and frailtywhen
making such a decision [38, 39]. Additionally, the presence
of co-morbidities that are expected to reduce life-expectancy
alongside management goals identified through extensive
discussion with the patient should contribute significantly to
the decision-making process. In fact, recommendations from
the ACC/AHA/HRS state that in older patients (> 75 years)
with significant comorbidities an ICD should only be consid-
ered if meaningful survival of greater than 1 year is expected
(Class 2A recommendation) [35].

3.5 Watchman device/left atrial appendage closure
Atrial fibrillation is the most common arrythmia affecting

the elderly population. As atrial fibrillation predisposes pa-
tients to the development of embolic complications, includ-
ing stroke, anticoagulation is often necessary in patients with
sufficient risk. The elderly population is particularly suscep-
tible to developing these thromboembolic events. A study
by Wang et al. evaluated the effect of age on outcomes at
1 and 3 years after stroke in patients with AFIB [40]. They
found that patients above the age of 75 had significantly in-
creased rates of mortality at 1 and 3 years post-stroke when
compared to younger patients [40]. However, long-term an-
ticoagulation is associated with an increased risk of bleeding,
and this risk is amplified as patients age, especially due to the
fact that advancing age is a major risk factor for having mul-
tiple comorbidities and elevated fall risk. Additionally, other
concomitant factors including renal dysfunction and drug in-
teractions due to polypharmacy limit the use of oral antico-
agulation in this group. Because of this, left atrial appendage
occlusion has become a popular alternative for anticoagula-
tion in the geriatric population.

LAA occlusion is indicated in patients at high risk of
thromboembolism with contraindications to oral anticoag-
ulation such as those with history of significant hemorrhage
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or an elevated HASBLED-score (hypertension, abnormal re-
nal/liver function, stroke, bleeding history, labile interna-
tional normalized ratio, elderly age > 75, drug/alcohol use)
[41]. This recommendation was only recently added to the
AHA/ACC guidelines for treating atrial fibrillation in 2019
(Grade IIb recommendation) [41]. Other clinical scenarios
where LAA occlusion may be considered include patients
with renal failure or those requiring a prolonged course of
triple anticoagulation and antiplatelet therapy due to signifi-
cant coronary artery disease due to the elevated risk of bleed-
ing in these populations. In addition, patients who develop
thromboembolic events despite being on oral anticoagula-
tion may also be candidates for LAA occlusion. In patients
undergoing cardiac surgery, a large meta-analysis performed
demonstrated that surgical closure or amputation of the LAA
is associated with lower rates of embolic events and stroke
postoperatively, and also confers better mortality rates post-
operatively [42]. Therefore, in some patients, surgical clo-
sure may play a role as well as percutaneous closure.

Although there are no clear contraindications to LAA oc-
clusion, it should be noted that there are limitations regard-
ing eligibility for this procedure. Patients undergoing LAA
occlusion require 45 days of anticoagulation post-procedure
to prevent device-related thromboembolic events until com-
plete epithelization has taken place. Therefore, patients
who are unable to tolerate anticoagulative therapies are ex-
cluded from most trials. This contraindication remains con-
troversial, as data from the ASAP trial demonstrated that
patients with non-valvular AFIB can undergo LAA closure
safely without a warfarin transition [43]. Further research is
needed to develop firm recommendations.

Few randomized trials studying the safety and efficacy of
LAA occlusion versus oral anticoagulation have included pa-
tients over the age of 75 [43]. Fourmain retrospective studies
have been done in the past six years regarding LAA occlusion
in this patient population [44–46]. Gafoor et al. reviewed 75
cases of patients above the age of 80 who underwent LAA oc-
clusion [44]. Among those studied, only one patient suffered
a stroke in the early post-operative phase while one suffered
from serious hemorrhage [44]. They concluded that LAA ap-
pendage occlusion is both safe and effective in reducing risk
of AF-associated stroke in the elderly [44]. In 2016, Freixa et
al. performed the largest multicenter retrospective study of
LAA occlusion in the elderly, evaluating procedural success
and peri-procedural complications between those younger
than 75 years (377 patients) and those above 75 years of age
(452 patients) [45]. Both procedural success rates and rate of
stroke and major bleeding were comparable between the two
groups [45]. In 2017, a similar comparison was performed by
Davtyan et al. evaluating 18 patients above 75 years of age and
54 patients younger than 75 years [46]. Similar to Freixa et
al., they found no significant difference in mortality between
the elderly population and younger group of patients [46].
Finally, Taurez et al. performed a retrospective study of 116
patients who underwent watchman procedure, of whom 54%

were aged 80-89 years and 13% were aged 90-99 years [47].
No significant difference in major complications was noted
between the two patient categories and their younger coun-
terparts, thus confirming once again that LAA occlusion is a
safe and viable alternative for anticoagulation in the geriatric
population [47].

3.6 Ventricular Assist Devices
Ventricular Assist Devices (VAD) are circulatory support

devices that are used for themanagement of treatment refrac-
tory, severe, acute and chronic heart failure [48]. These are
devices designed to assist the heart via establishment of a par-
allel blood flow path similar to that of physiologic circulation
[49]. The pumpworks by drawing blood from the left ventri-
cle via an inflow cannula connected to the apex, and return-
ing blood to systemic circulation via an outflow graft, typi-
cally sewn to the ascending aorta [49]. The incidence of heart
failure in the United States is projected to increase over the
next ten years, duemostly in part to an aging population [50].
Heart failure is much more common in elderly patients, with
over half of the patients needing hospital admission for heart
failure exacerbations being older than 75 years of age [50].
Further, the prevalence of heart failure is greater than 10%
in patients older than 80 years [50]. Based on these preva-
lence statistics, it is likely that the development of end-stage
heart failure and subsequent need for VAD placement is an
important consideration in the elderly population.

The indications for VAD placement are as a bridge to
transplant, bridge to recovery, bridge to candidacy, or desti-
nation therapy [48]. VADutilization as a bridge to transplant
is beneficial in patients with stage D heart failure in whom
cardiac transplant is anticipated or planned (Class 2a recom-
mendation) [25]. Bridge to recovery refers to the utiliza-
tion of VADs in patients whom are suffering from reversible
causes of heart failure. Bridge to candidacy refers to the uti-
lization of VAD placement in patients who do not currently
meet the criteria for heart transplant, but whommay become
eligible in the future. An example of this includes patients
with secondary pulmonary hypertension who may have im-
provement in their condition after VAD placement to reduce
left ventricular pressure, eventually allowing them to become
eligible for transplant [48]. Finally, destination therapy refers
to the use of VADs in patients who do not meet criteria for
heart transplant. Conditions that may exclude a patient from
transplant candidacy include advanced age, frailty, severe pul-
monary hypertension, malignancy, liver disease, or kidney
disease [48].

There are several absolute contraindications to implanta-
tion of VADs. These include presence of a systemic illness
with life expectancy of less than 2 years, presence of malig-
nancywithin the past 5 years, irreversible kidney or liver dys-
function, severe chronic obstructive pulmonary disease, and
systemic disease with multiple organ involvement [51]. Al-
though systemic illness can be a contraindication as described
previously, certain conditions such as HIV or advanced or-
gan dysfunction (ex. profoundly elevated creatinine) may not
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necessarily preclude patients fromVADplacement [51]. One
important consideration is that age, while not a contraindi-
cation to VAD placement, may preclude patients from heart
transplant eligibility [51].

There have been two landmark clinical trials evaluating
the efficacy of ventricular assist devices that likely have the
greatest impact on the geriatric patient population. In 2001,
the REMATCH trial evaluated 129 patients with end stage
heart failure whowere ineligible for cardiac transplant in two
groups, either receiving LVAD (n = 68) or medical manage-
ment (n = 61) [52]. The LVAD used in this trial was the
HeartMate VE, which is a pulsatile flow device. Patients re-
ceiving LVAD showed a reduction in all cause mortality by
48% compared to the group receiving medical therapy (P =
0.001) [52]. Further, survival rates at one and two years were
both significantly higher in the LVAD group [52]. Despite
the fact that patients receiving devices had significantmortal-
ity benefits, there was also a much higher rate of serious ad-
verse events in the device group, including infection, bleed-
ing, and device malfunction [52]. Overall, the results of this
study demonstrated that patients with advanced heart fail-
ure may have substantial survival benefit from receipt of a
VAD when cardiac transplant is not an option (destination
therapy). In 2009, the HeartMate II trial evaluated the ben-
efit of continuous flow devices (HeartMate II) vs the tradi-
tional pulsatile flow device (HeartMate VE) [53]. During the
course of the study, it was found that treatment with con-
tinuous flow devices significantly increased 2 year survival
free from stroke and device failure [47]. Similar to the RE-
MATCH trial, the HeartMate II trial demonstrated signifi-
cantly improved quality of life and functional capacity in both
device groups [53]. These trials are important, especially for
the geriatric patient population, as these patients often pos-
sessmany of the qualities that could exclude them from trans-
plant, including advanced age, frailty, multiple chronic condi-
tions, and increased risk of malignancy. Therefore, VADs in
these patients may be used more frequently in the context of
destination therapy and palliative care, as is the case in these
clinical trials.

As with any procedure, it is important to consider the
complications of the intervention, especially in the geriatric
population. A 2018 multicenter study by Tripathi et al. ex-
amined the complications and causes of 90-day readmission
in patients after LVAD implantation [54]. The most com-
mon complications were cardiac causes, including worsening
heart failure, complications related to the implanted device,
arrythmias, bleeding complications, and infections [54]. It is
important to recognize that one of the most significant pre-
dictors for increased complications included older age (P <

0.01), however, it is also important to note that this study
could not significantly conclude that age was a predictor for
readmissions (P = 0.08) [54]. While the use of these de-
vices may provide survival benefit and improve quality of life
in geriatric patients, they are also at elevated risk of post-
implant complications. A thorough discussion of the risks

and benefits should take place between patient and provider
prior to pursuing VAD implantation.

4. Limitations
While a literature review, this manuscript is not with-

out limitations. The inherent reliance on existing literature
left a subjective aspect to the literature review when decid-
ing if manuscripts were relative to the topic discussed. Fur-
thermore, when performing the literature search, some less-
commonly used nouns to describe the geriatric population
were not searched, such as “octogenarian”. Lastly, the con-
tent, indications, and contraindications were approved and
directed by the senior authors of this manuscript. Though
supported by literature sources, the primary care physician
and geriatrician should recognize there are always patients
with special considerations, institutional guidelines, and spe-
cialist preferences that may result in interventions different
from the indicated treatment described here. Therefore, it
is impossible to be entirely comprehensive. Lastly, when re-
viewing international guidelines, we found that there was lit-
tle mention of specific recommendations for geriatric/elderly
patients. This could be either due to the fact that indications
for elderly patients are the same as for the general population,
or that there is insufficient focus on this population. We be-
lieve that this lack of specific recommendations is due to in-
sufficient focus on the elderly population. In fact, the 2013
ACC/AHA Guideline for the Management of Heart Failure
explicitly states that “It is of major concern that the majority
of randomized controlled trials failed to randomize a suffi-
cient number of the elderly, women, and underrepresented
minorities, thus limiting our insight into these important
patient cohorts” [25]. However, when specific recommen-
dations were made with regards to elderly patients in the
professional society guidelines, we have included it in this
manuscript.

5. Conclusions
As the aging population in the United States continues

to grow, physicians should be aware of the complexities and
challenges of managing the medical conditions that affect the
geriatric population. Cardiac disease is the leading cause of
death in the United States, and its incidence increases with
age. Because of this, geriatric patients are more likely to re-
quire special treatment strategies, including the use of a mul-
titude of cardiac devices. Primary care physicians should be
familiar with these devices and their appropriate use criteria
in order to effectively manage this patient population (sum-
marized in Table 1). As medical technologies continue to ad-
vance, there remains a need for continued research to evalu-
ate the benefits of new devices and technologies in the treat-
ment of the geriatric population. We also ask clinical re-
searchers to look hard at how the geriatric population is af-
fected in future studies compared to non-geriatric patients
as the United States population continues to age and require
special attention.
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Table 1. Cardiac Device Summary. A consolidated primary care reference for the indications of each cardiac device discussed in the manuscript with references.
Device Indication Treatment Effect Class of Recommendation

Implantable
Loop Recorders

Recurrent, unexplained syncope if patient is
not high risk and does not require hospitaliza-
tion [12]

No immediate improvement of symptoms,
however there is evidence that utilization of
these devices improves quality of life [16]

Class 1 Recommendation [3]
- Recurrent syncope of unknown originwho have absence of high risk criteria requiring hos-
pitalization/intensive evaluation or when likely recurrence is within longevity of the battery
life (LOE: A)
Class 2A Recommendation
- assessment of bradycardia in patients with neurally mediated syncopal episodes to deter-
mine the need for pacemaker implantation (LOE: B)
Class 2B Recommendation
- loss of consciousness who need to definitively rule out arrhythmia as a cause of syncope
(LOE: C)

Pacemaker Pacing for acquired AV block in adults, pac-
ing for chronic Bi-fascicular andTri-fascicular
block, pacing for AV block associated with
myocardial infarction, pacing in sinus nodal
dysfunction, prevention and termination of
tachyarrhythmias by pacing, pacing in hyper-
sensitive carotid sinus and neutrally mediated
syndromes [19]

- Observational studies have demonstrated
that pacing prevents recurrence of syncope
and improves survival in adults and children
with AV block.
- There is no evidence that cardiac pacing pro-
longs survival in patients with sinus node dys-
function, however, it has been shown to re-
duce the risk of systemic thromboembolism in
patients suffering from sick sinus syndrome.
- Finally, for patients with functional brady-
cardia, the only reason for cardiac pacing is to
prevent recurrent syncope [4]

Class 1 recommendations [3]
- Sinus node disease when symptoms are clearly attributed to bradycardia, or for reducing
the risk of AFIB and stroke (LOE: B)
- Acquired third or second degree type 2 AV block
- Permanent AFIB and AV block (LOE: C)
- Bundle branch block with syncope and a positive electrophysiology study (LOE: B)
- Alternating bundle branch block with or without symptoms (LOE: C)
- Carotid sinus syncope and recurrent unpredictable syncope (LOE: B)
Class 2 recommendations
- Sinus node disease when symptoms are likely due to bradycardia, even if evidence is not
conclusive (LOE: C)
- Acquired second degree type 1 AV block which causes symptoms (LOE: C)
- Reflex asystolic syncope in patients > 40 years old
- Patients with a history of syncope and documentation of asymptomatic pauses > 6 seconds
due to sinus arrest, sinus-atrial block or AV block (LOE: B)
- Bundle branch block and unexplained syncope without diagnostic investigations (LOE: B)
- Tilt-induced cardioinhibitory syncopewith recurrent, frequent unpredictable syncope after
alternate therapy has failed (LOE: B)
- Unexplained syncope and positive adenosine triphosphate test (LOE: B)
Class 3 Recommendations
- Sinus node disease when sinus bradycardia is asymptomatic or reversible (LOE: C)
- AV block due to reversible cause (LOE: C)
- Asymptomatic bundle branch block (LOE: B)
- Tilt-induced non-cardioinhibitory syncope (LOE: B)
- Unexplained syncope without evidence of bradycardia or conduction disturbance (LOE: C)
- Unexplained falls (LOE: B)
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Table 1. Continued
Device Indication Treatment Effect Class of Recommendation

Cardiac Resyn-
chronization
Therapy

Patients with significant left ventricular dys-
function (ejection fraction < 35%), sinus
rhythm, left bundle branch block (LBBB) with
prolonged QRS (> 150 ms), patients with ad-
vanced New York Heart Association (NYHA)
functional class who are failing optimal medi-
cal therapy [25]

- CRT helps to restore cardiac synchrony, im-
prove LV function, reduce functional mitral
regurgitation, and reverse remodeling. The
mechanism of benefit of CRT varies from pa-
tient to patient, and within an individual pa-
tient over time. Because of this, there is no
measure to accurately predict a patients re-
sponse to CRT [3]

Class 1 Recommendations [4]
- Chronic HF patients, NYHA Class 2-4 with LVEF ≤ 35% who develop LBBB with QRS
duration> 150 ms
- Chronic HF patients, NYHA Class 2-4 with LVEF ≤ 35% who develop LBBB with QRS
duration 120 – 150 ms
Class 2 recommendations
- Chronic HF patients, NYHAClass 2-4 with LVEF≤ 35%without LBBB and QRS duration
> 150 ms
- Chronic HF patients, NYHAClass 2-4 with LVEF≤ 35%without LBBB and QRS duration
120-150 ms
- Patients with chronic HF, LVEF≤ 35%, NYHA class 3-4 with permanent AFIB provided
that Biventricular pacing as close to 100% can be achieved.
- Patients with reduced LVEF who are candidates for AV junction ablation for rate control
Class 3 recommendations [25]
- CRT is not recommended for patients with NYHA Class 1 or 2 symptoms and non-LBBB
pattern with WRS < 150 ms
- CRT is not indicated for patients whose comorbidities and/or frailty limit survival to < 1
year

Automated
Implantable
Cardiac Defib-
rillator (AICD)

High risk patients and secondary prevention
in those who previously suffered from life-
threatening arrythmia (ventricular tachycar-
dia, ventricular fibrillation) or cardiac arrest.
High risk patients include those with previous
myocardial infarction (MI) and EF 30% or less,
NYHA functional class II-III with EF 35% or
less, or those with ischemic cardiomyopathy
with NYHA functional class I and EF 30% or
less [35]

- Randomized controlled trials have demon-
strated that AICDs are highly effective in ter-
minating life-threatening ventricular arryth-
mias in patients with LV dysfunction, struc-
tural heart disease, ventricular tachycardia,
and survivors of cardiac arrest [35]

Class 1 Recommendations [35]
- Patients with ischemic heart disease who survive sudden cardiac arrest due to ventricular
arrythmia or who experience hemodynamically unstable ventricular tachycardia (LOE: B) or
who experience stable sustained ventricular tachycardia not due to reversible causes (LOE:
B)
- For secondary prevention of sudden cardiac death when patients risk of death due to ven-
tricular arrythmia is deemed high and the risk of non-arrhythmic death is low based on co-
morbidities and functional status (LOE: B)
- Patients with ischemic heart disease and unexplained syncopewho have inducible sustained
monomorphic ventricular tachycardia (LOE: B)
Class 2 Recommendations
- For patients older than 75 years and with significant comorbidities who meet indications
for a primary prevention ICD, ICD is reasonable if survival of greater than 1 year is expected.
(LOE: B)
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Table 1. Continued
Device Indication Treatment Effect Class of Recommendation

Left Atrial Ap-
pendage Clo-
sure/Amputation

Patients at high risk of thromboembolism
with contraindications to oral anticoagula-
tion such as those with history of significant
hemorrhage or an elevated HASBLED-score
(hypertension, abnormal renal/liver func-
tion, stroke, bleeding history, labile inter-
national normalized ratio, elderly age > 75,
drug/alcohol use) [41]

- Left atrial appendage device closure was
shown to decrease the risk of hemorrhagic
stroke, while the difference in ischemic stroke
incidence was not significant between left
atrial appendage closure and in patients on
warfarin in two RCTs [41]

Class 2 Recommendation [41]
- Percutaneous Left atrial appendage closure may be considered in patients with atrial fibril-
lation at increased risk of stroke who have contraindications to anticoagulation (LOE: B)
- Surgical occlusion of the left atrial appendage may be considered in patients with atrial
fibrillation undergoing cardiac surgery (LOE: B)

Ventricular Assist
Devices

Patients with need of management of treat-
ment refractory, severe, acute and chronic
heart failure as a bridge to transplant, bridge
to recovery, bridge to candidacy, or destina-
tion therapy [48]

- 1-year survival in patients after implantation
of the continuous flow LVAD is 80%, which is
close to the 1-year survival for patients after
heart transplant (86%) [48]

Class 2 Recommendations [25]
- Mechanical circulatory support (such as LVAD) is beneficial in patient with Stage D Heart
failure with reduced ejection fraction in whom cardiac transplant or cardiac recovery is an-
ticipated or planned (LOE: B)
- The use of percutaneous and extracorporeal ventricular assist devices is reasonable as bridge
to recovery or bridge to decision in patients suffering from heart failure with reduced ejec-
tion fraction and acute hemodynamic compromise (LOE: B)
- Durable mechanical circulatory support is reasonable to prolong survival in carefully se-
lected patients with stage D heart failure with reduced ejection fraction (LOE: B)

Recommendations: Class 1 - Evidence that a treatment is beneficial, useful, or effective
Class 2 - Conflicting evidence surrounding the usefulness/efficacy of the treatment
Class 3 - Evidence that a treatment is not useful/effective, and may even be harmful
LOE (Level of Evidence)
A = Data derived from multiple randomized clinical trials or meta-analyses
B = Data derived from a single randomized clinical trial or large non-randomized studies
C = Consensus of opinion of the experts and/or small studies, retrospective studies, registries
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