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Abstract: Population aging and broader indications for the implant of cardiac implantable
electronic devices (CIEDs) are the main reasons for the continuous increase in the use of
pacemakers (PMs), implantable cardioverter-defibrillators (ICDs) and devices for cardiac
resynchronization therapy (CRT-P, CRT-D). The growing burden of comorbidities in CIED
patients, the greater complexity of the devices, and the increased duration of procedures
have led to an augmented risk of infections, which is out of proportion to the increase in
implantation rate. CIED infections are an ominous condition, which often implies the necessity
of hospitalization and carries an augmented risk of in-hospital death. Their clinical presenta-
tion may be either at pocket or at endocardial level, but they can also manifest themselves
with lone bacteremia. The management of these infections requires the complete removal
of the device and subsequent, specific, antibiotic therapy. CIED failures are monitored by
competent public authorities, that require physicians to alert them to any failures, and that
suggest the opportune strategies for their management. Although the replacement of all
potentially affected devices is often suggested, common practice indicates the replacement
of only a minority of devices, as close follow-up of the patients involved may be a safer
strategy. Implantation of a PM or an ICD may cause problems in the patients’ psychosocial
adaptation and quality of life, and may contribute to the development of affective disorders.
Clinicians are usually unaware of the psychosocial impact of implanted PMs and ICDs. The
main difference between PM and ICD patients is the latter’s dramatic experience of receiving
a shock. Technological improvements and new clinical evidences may help reduce the total
burden of shocks. A specific supporting team, providing psychosocial help, may contribute
to improving patient quality of life.

Keywords: pacemaker, cardiac cardioverter-defibrillator, cardiac implantable electronic devices,
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The emerging use of cardiac implantable

electronic devices
At the beginning of the 1950s, Zoll described the possibility of preventing death or
syncope in Stokes-Adams syndrome by applying an external cardiac device, able to pace
the heart.! Six years later, Elmqvist and Senning implanted the first cardiac pacemaker
(PM) by thoracotomy.? Since then, the use of PMs in the management of cardiac diseases
has constantly increased, while their software and hardware have been continuously devel-
oping. The first implantable cardioverter-defibrillator (ICD) was implanted in 1980.°
Population aging and broader indications for the implant of cardiac implantable
electronic devices (CIEDs), due to the publication of randomized multicenter
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trials, such as the MADIT II, the SCD-HeFT, the
COMPANION and the CARE-HE,*7 are the main reasons
for the continuous increase in the use of PMs, ICDs, and
devices for cardiac resynchronization therapy (CRT-P,
CRT-D). The latest figures derived from the Eucomed Data
show that since 2005 to 2008 the rate of implant has contin-
ued to increase in the countries of the European Community,
with a higher increase for ICDs than for PMs.® The implant
rate for one million inhabitants increased between 2005 and
2008 for PMs from 728.8 to 810.8, for ICDs from 79.6 to
119.4, for CRT-P devices from 24.3 to 23.6, and for CRT-D
devices from 28.1 to 53.4. In the United States, between
1997 and 2004, implantation rates increased by 19% for
PMs and by 60% for ICDs, with about 70% of implanted
patients being 70 years or older.’ In the next 2 years, a fur-
ther increase of 12% in overall CIED implantations (PMs
and ICDs) was documented, with 222,940 new implanted
devices in 2006, according to data from the National
Hospital Discharge Survey.'®

In the coming years, an increase in patient life-length will
mean that dealing with patients with CIEDs will be more
and more common for every physician, including “non-
cardiologist” physicians.

Overview of the design and basic

working mechanism of CIEDs

The most commonly used CIEDs are PMs and ICDs. CRT-P
and CRT-D devices should be regarded as special PMs
(CRT-P) or ICDs (CRT-D), and therefore they do not deserve
a specific description.

A PM consists mainly of a lithium iodine battery, an
integrated circuit, and 1 to 3 electrodes that connect the
generator to the heart, whose function is “to sense” the
cardiac intrinsic electrical activity and “to pace” the cardiac
chambers, when necessary!' (Figure 1). The lithium iodine
battery is currently preferred to different battery chemistries,
because it provides a steady voltage during its whole life and
has a predictable decay when approaching its end of life, so
allowing the physician to choose the most favorable moment
for the elective replacement of the device.'? Moreover, most
modern PMs are equipped with special algorithms which can
automatically detect the lowest energy necessary to pace the
heart, in order to minimize the pacing outputs and prolong
the battery life.

Depending on clinical needs, one electrode is used, either
in the atrium or in the ventricle (SSI mode), or two electrodes,
in which case the device will pace and sense both the atrium
and the ventricle (DDD mode). Three electrodes are used

Pacing leads
Left atrium

Left ventricle

Right atrium
Right ventricle

Figure | An example of bicameral pacemaker. Leads are inserted into the right
cardiac sections via the superior vena cava.

when pacing therapy involves the right atrium and both the
right and the left ventricle: this modality is called “biventricu-
lar pacing,” and is reserved for patients affected by dilated
cardiomyopathy and severe impairment of the left ventricular
systolic function.®’ To date, all PMs work “on demand”: in
other words, they do not pace the heart if the spontaneous
heart rate does not fall below a critical level, which can be
programmed by the physician according to the patient’s needs.
In order to achieve this result, one of the most important com-
ponents of the integrated circuit within the device is a special
counter, which measures the interval in milliseconds between
the native beats: if this interval exceeds the one programmed
as “lower rate” the device will deliver an electrical pulse that
can make the heart beat. PMs can be equipped also with
special built-in electronic sensors able to detect the patient’s
motion and/or breathing and to define, by specific algorithms
and settings, a new pacing rate automatically adjusted accord-
ing to their metabolic demand. This sensor will be used for
patients with chronotropic incompetence. Besides, many
PMs have special algorithms to minimize the right ventricle
pacing, which has been proved to cause ventricular desyn-
chronization, reduced pump function, and a higher burden
of atrial fibrillation.'*"'® The two main strategies to allow the
spontaneous ventricular contraction are the extension of the
atrial-ventricular interval in DDD mode (Figure 2), and the
preference for single-chamber atrial pacing (AAI mode) with
an automatic switch to dual-chamber pacing (DDD mode),
should the spontaneous ventricular beat be missing.!”
ICDs are more sophisticated devices. While their
functioning in case of bradyarrhythmia is exactly the
same as for PMs, their main feature is the capability to
interrupt ventricular tachyarrhythmias, such as ventricular
tachycardia (VT) and ventricular fibrillation (VF), restoring
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Figure 2 Extension of the A-V delay to permit the rise of the spontaneous atrial-ventricular conduction. In the upper part, standard ECG leads DI and DIl are shown.
In the middle, markers indicate the spontaneous atrial (AS), the paced ventricular (VP) and the spontaneous ventricular (VS) cardiac activity. Intervals between consecutive
complexes are also expressed. In the lower part, atrial and ventricular electrocardiograms are shown. When the A-V delay is prolonged from 150 to 195 milliseconds, the
spontaneous ventricular activity appears. From the standard ECG leads it can be seen that the ventricular sensed complexes are fully spontaneous and not fusion beats.
Note: Reproduced with permission of St Jude Medical Inc, St Paul, Minnesota 55117, USA.

the sinus rhythm.'® ICDs are nowadays used for secondary
prevention in patients resuscitated from sudden cardiac
death and for primary prevention in patients at high risk
for malignant ventricular arrhythmias (VAs).*%1%2° As for
PMs, one of the most important components of an ICD is
the battery, which requires a specific chemistry designed
to last a long time and to deliver a high amount of current
in a short time, when the device has to deliver shock thera-
pies. The integrated circuit related to pacing and sensing
functions is similar to that of a PM. ICDs have additional
circuitry, called a high voltage circuit, which can charge the
high energy capacitor used to treat tachyarrhythmias. If a
high ventricular heart rate is detected, the internal counter
starts counting the rate and the number of beats, until the
predefined criteria (both heart rate and event duration, in
seconds or in number of beats) for a ventricular arrhythmia
are satisfied. The device can also perform a deeper analysis
of the arrhythmia, in order to discriminate between supraven-
tricular tachyarrhythmias and ventricular ones. This further
analysis is conducted on the basis of parameters such as
the presence of atrial-ventricular dissociation, the onset of
the arrhythmia, which can be sudden or progressive, the
stability of R—R intervals, and, in the most recent devices,
the morphologic discrepancies between the native impulse
and the one detected during the arrhythmic event. To inter-
rupt the arrhythmia, the ICD can fire a burst of pulses at a

frequency that is faster than the spontancous heart rate, in
order to “capture” the tachycardia and to stop it (the so-
called “anti-tachycardia pacing” ATP). This treatment is
safe and effective in interrupting the arrhythmia in a very
high percentage (>90%) of VTs*' and in more than 70%
of fast VTs (ie, 188 up to 250 bpm).?? In case the attempt is
ineffective, or when particularly fast VAs or VFs occur, the
ICD can “fire” a shock: within the high energy capacitor, an
energy of about 30—40 Joules is stored and then fired to the
right ventricle in a biphasic wave between the electrode and
the can of the device itself or even in a reversed mode (“‘can
to coil”) (Figure 3). Modern devices can be programmed to
define the energy level and the sequence of shock attempts.
To treat a single episode of VA, 6 to 8 shocks are available,
according to different ICD models. If the arrhythmia persists,
even after the last shock delivery, an external intervention is
required to restore the sinus rhythm. ICDs can store in their
memory, for later review, several arrhythmic episodes with
their related electrograms (like Holter recordings).

Both ICDs and PMs are equipped with automatic
algorithms able to run measurements of electrical parameters
of the electrodes and to collect their trends, storing these
values for later evaluation. Moreover, modern devices have the
capability to send to the physician, through a remote connec-
tion (web, fax, telephone), stored data or warning messages
related to the system diagnostic and clinical events.
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Figure 3 Example of a fast ventricular tachycardia (>210 bpm) detected by the implantable cardioverter-defibrillator (ICD) in the ventricular fibrillation zone, treated
efficaciously with a DC-shock. In the superior part, the registration of intracardiac electrograms is shown: atrial (upper trace) and ventricular (lower trace) activities
are dissociated. In the inferior part, the arrhythmia is expressed as intervals between each detected complex: fast ventricular rate and atrial-ventricular dissociation are
detectable. The black arrow shows the onset of the ventricular arrhythmia; the red arrow indicates the shock provided by the device, which restores the sinus rhythm.
Reproduced with permission of Medtronic Inc, Minneapolis, Minnesota 55432, USA.

Patient’s histo ry and prevalence infection.?® In recent years, the number of implanted CIEDs
of infections in use of CEIDs has increased constantly, and CIED infections have also been

Infections in a patient implanted with a CIED may involve increasing at higher rates: in the United States, from 1996 to
2003, infections increased 3.1-fold, but total implantations

only 0.49-fold;' between 2004 and 2006, CIED infections
increased by 57%, whereas implantations increased by only

either the pocket or the electrodes and the endocardium.?
Their clinical presentation at pocket level includes signs

such as erythema, warmth, fluctuation, wound dehiscence,

tenderness, purulent drainage, or erosion of generator 12%.?7 ICDs have been reported to be more liable to cause

or leads through the skin (Figure 4), while the presence infections than PMs,?® and hospitalizations due to ICD

of CIED-related endocarditis is confirmed when valvular or  infections are increasing at a higher rate.”” The presence of

lead vegetations are detected by echocardiography, or if the device infections in hospitalized CIED patients is an omi-

Duke criteria for infective endocarditis are met?* (Figure 5).  1OUS condition, as these patients have longer lengths of stay
At least 2 sets of blood cultures should be obtained before ~ and up to five-fold risk of in-hospital death (P < 0.001 for

the initiation of antimicrobial therapy in all patients in whom both),"* with high rates of one-year mortality (17%), even

a CIED infection is suspected.” As the presentation can be after the removal of the device.””
indolent, a high degree of clinical suspicion is required.
This is of paramount importance in those CIED patients
presenting with Staphylococcus aureus bacteremia (SAB),

as positive blood cultures may be the sole sign of device

Figure 5 Endocarditis on native pulmonary valve, as detected at transesophageal
echocardiography. The arrow indicates the presence of vegetations on the
Figure 4 An example of cardiac implantable electronic device infection at pocket level. pulmonary valve.
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The development of an infection is the result of the interac-
tion among the patient, the device, and the infective microorgan-
isms, mostly bacteria. The patient-related risk factors include the
presence of comorbidities which lead to immunosuppression,
such as the use of corticosteroids,” or the presence of renal
dysfunction® up to end-stage renal disease,*! the need of antico-
agulant therapy,” and the presence of fever within the previous
24 hours,* whereas the use of antibiotic prophylaxis within the
previous 2 hours (mostly cefazoline) has been proven to prevent
the occurrence of infections.”*3*33 According to the analysis by
Voigt et al on the data from the National Hospital Discharge
Survey database,'? from 1996 to 2006, hospitalization for CIED
implantation has become slightly, but significantly, shorter, while
the patient burden of severe comorbidities, such as diabetes
mellitus and organ failure, has significantly increased. Among
the peri-procedural factors which can favor an infection, the
most common, apart from not using antibiotic prophylaxis, are
the number of implanted leads,>** the procedure type,’! the
operator’s experience,” the performance of a device revision
or replacement versus a de novo implant and, above all, the
need for early re-intervention.>>* This last situation carries the
greatest risk, ranging across different studies, from 3.67- to
15-fold* (Table 1).

The kind of microorganism involved plays a major role
in determining the likelihood of CIED infections: in fact, as
already mentioned, bacteremia can be the sole manifestation
of infection, especially for patients presenting with SAB.%
In such patients, the likelihood is increased when the device is
an ICD; moreover, patients with SAB and a prosthetic cardiac
valve have an extremely high risk (up to 50%) of a double
infection, both of the device and of the leads.?® Staphylococci
account for 60% to 80% of cases in most series,?*?%*° and
are more likely to cause infections early after the implant,*
while later infections are more likely to be determined by
other Gram-positive bacteria, by Gram-negative bacteria,*® or
even to be associated with negative cultures®® (Table 2).

Table 2 Microbiology of PM/ICD infections

Table | Risk factors for CIEDs infections

e Immunosuppression (diabetes, CRF, steroid therapy
and/or immunosuppressive therapy, malignancy)

e No periprocedural antimicrobial prophylaxis

o Fever less than 24 hours before implantation

e Vitamin K — antagonist therapy

o Postoperative hematoma

e Generator replacement

e Preprocedural temporary pacing

e Need for acute repositioning of a lead

e Presence of abandoned leads

e Operator experience

Duration of procedure

e Number of implanted leads

Abbreviations: CIEDs, cardiac implantable electronic devices; CRF, chronic renal
failure.

As recently stated by the American Heart Association
(AHA),” once the diagnosis of CIED infection has
been made, removal of both the device and the lead is
recommended, because of the high risk of relapse due to
retained hardware, >’ even in case of demonstrated valvu-
lar endocarditis without definite involvement of the leads
or the device, and in case of persisting or relapsing SAB.%
Antibiotic treatment is mandatory after removal has been
performed. In case of persistent Gram-negative bacterae-
mia despite appropriate antibiotic therapy, CIED removal
is a reasonable option. However, when the infection at
pocket site is only superficial or incisional, and there is no
involvement of the device, there is no indication to remove
it, as a cycle of oral antibiotic therapy against Staphylococci
is regarded as reasonably effective.” The removal of the
device can be performed surgically or using a percutaneous
approach, which can be regarded as the treatment of choice
in expert hands at tertiary referral centers, with rates of
mortality directly due to the procedure lower than 0,5%.%
The timing for re-implantation still varies among different
centers; %37 but relapses are not uncommon, and are more
frequent when the new implant is performed during the

Staphylococcal CIED-related infections

(70%-90%) (10%-30%)

Non-staphylococcal CIED-related infections

* S. aureus (early infections) * Enterococci

* S. epidermidis (late infections) * Streptococci
* Proteus
* Klebsiella

* E. coli

Negative cultures (5%—20%)
Polymicrobial (2%—7%)

* Pseudomonas aeruginosa

* Salmonella
* Mycobacteria

* Mycetes (rare)

Abbreviations: CIED, cardiac implantable electronic device; ICD, implantable cardioverter-defibrillator; PM, pacemaker.
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same hospitalization.”” According to AHA guidelines,” this
procedure must be performed no sooner than 72 hours after
negative blood cultures, but must be delayed by 2 weeks in
case of demonstration of infectious involvement of a native
valve. As the most critical moment for the development of
infections is the implant,’® new strategies are being investi-
gated in an effort to reduce bacterial contamination at pocket
site. A recent retrospective multicenter study has assessed the
feasibility, in a population of patients at high risk for CIED
infections, of implanting the device together with a polymer
mesh, which releases minocycline and rifampin, in addition to
standard systemic antimicrobial prophylaxis (cephalosporin
or vancomycin).* This procedure has proved to be feasible,
as it did not reduce the rate of successful implantations, and
seemed to reduce the likelihood of infections at short-term
follow-up (1.9 + 2.4 months), when compared with other
published studies.?>3%%

Efficacy and safety in the
use of CEIDS

The efficacy of ICDs in the reduction of sudden cardiac
death has been proven in primary and secondary prevention
trials,*>1*20 while CRT-D and CRT-P devices can reduce
both overall and cardiovascular mortality and the number of
hospitalizations in heart failure patients; these devices are
also able to improve patients’ functional capacity and quality
of'life (QOL).%” Moreover, it has recently been demonstrated
that the advantage of the use of ICDs in preventing sud-
den cardiac death increases further at long-term follow-up
(8 years),* while the cost-effectiveness ratio per saved
discontinued life-year dramatically improves during the same
period. However, CIEDs beget an intrinsic risk of mechanical
failure, which can involve either the generator (PM or ICD)
or the leads. In recent years, despite enhancements in device
technology and manufacturing processes, a sharp increase in
manufacturer recalls has been observed.**? The United States
Food and Drug Administration (FDA) classifies medical
device recalls into 3 categories, representing the potential
risk to public health: Class I, Class II, and Class III, where a
Class I recall indicates a high risk of serious adverse health
consequences or death and a Class III a low risk. Both the
FDA® and the Heart Rhythm Society* have set guidelines
for advisories. When an advisory has been issued, patients
with an affected device must be contacted and physicians
have to choose the best management strategy, considering
the estimates of rate of possible malfunction, the likely effect
of'the issue on specific patients (eg, pacemaker dependency),
and the individual center’s procedural risk associated with

the replacement. Three management strategies are possible:
replacing all the recalled devices, replacing a few devices,
not replacing any device. According to several analyses, the
mean percentage of replaced devices, in different countries,
is lower than 20%*** while the complications rate ranges
from 0.62%* to 8.1%.* When a device is returned to the
manufacturer, laboratory technicians and engineers assess
all its functions and perform an analysis through a series
of diagnostic tests that verify the performance of defibril-
lation, pacing, sensing, memory, and recording functions.
Test results are compared to original manufacturing records
and design intent. Companies should inform the regulatory
authorities of each significant event that poses potential risk
to patients’ health, and periodically publish a performance
report, indicating the overall incidence of malfunctions that
have occurred for each product.

On 1 July 2005, the FDA issued a class I recall after a
notification from Boston Scientific (formerly Guidant) about
a potential short circuit that might have affected the Prizm
ICD (model 1861), manufactured on or before 16 April
2002, and about a potential deterioration in the wire insula-
tor within the lead connector block, affecting the Renewal
I (model H135) and Renewal II (model H155) CRT-D,
manufactured on or before 26 August 2004.%7 Perrotta et al*
have analyzed the experience of 247 Italian centers dealing
with this advisory: out of 3185 devices subject to recall,
only 18.7% were explanted (16.5% of Prizm and 19.6%
of Renewal devices) and were returned to the company for
testing. None of the analyzed Prizm ICDs showed the failure
mentioned in the advisory, while 1 out of the 458 (0.21%)
tested Renewal devices exhibited it. During the follow-up
of patients whose devices had not been replaced, no failures
were reported for the Prizm models, whereas 7 out of 2342
(0.29%). Renewal devices had been explanted, as they
had shown the failure described in the advisory, although
the patients involved had not experienced any symptoms.
To date, no deaths have been reported by physicians to the
Company as potentially associated with the device failure
described in the advisory, either for Prizm or for Renewal
models. Although only a minority of potentially affected
devices has been replaced, this strategy seems to be justified,
as the actual failure rate (0% for Prizm, 0.34% for Renewal)
was lower than the estimated one reported in the most recent
Company Product Performance Report (0.72% for Prizm
and 1.83% for Renewal).

Data also exist from advisories about leads. In 1994, the
Teletronics Accufix active fixation leads were subjected to
recall because of the risk of fracture and protrusion of the
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J retention wire, which had caused pericardial tamponade,
perforation of the right atrium, embolization to the pul-
monary circulation, and a few deaths. Of the potentially
affected leads, 13% were extracted, but the risk of fatal
and of life-threatening complications were much higher
for extraction than for leaving the lead in place, especially
for elderly patients, while the risk of lead fracture and
complications were lower in the elderly.*

Medtronic Sprint Fidelis implantable cardioverter-
defibrillator leads are prone to fracture, which caused
inappropriate shocks and a few reported deaths. When
compared with Medtronic Sprint Quattro leads, they showed
a significantly higher fracture rate (2.81%/year vs 0.43%/
year, P < 0.0001).> In a study by Hauser et al*® although no
deaths or injuries due to lead failure had been reported, up
to 42% of the fractured leads caused inappropriate shocks.
Interestingly, the failure rate was higher for younger patients,
for women, and for patients affected by channelopathies or
by hypertrophic cardiomyopathy: these findings support once
more the need for risk stratification in choosing whether to
replace a lead or not.

In fact, for both leads and devices, the decision to replace
an element subject to recall is still uncertain, as it depends
on several variables, among which the most important are
the estimated rate of device failure, the arrhythmic risk, and
the mortality rate of device replacement.’'>> In most cases,
a conservative strategy with short (3-month) follow-up may
prove to be safer than an attempt to replace the potentially
affected element, either because the effective failure rate can
be overestimated,*® or because of the low benefit/risk ratio
for the replacement strategy.*’

Patient-focused perspectives
such as quality of life, patient

satisfaction/acceptability
Implantation of a PM or an ICD in a patient may cause
problems in psychosocial adaptation and QOL, and may con-
tribute to the development of affective disorders. PM patients
are sometimes able to feel their pacing therapy or may be
entirely PM-dependent to maintain a functional heartbeat, but
they do not have to contend with the dramatic experience of
defibrillation shocks, like many ICD patients; this seems to
be the main difference between the two groups in the experi-
ence of living with an implanted cardiac device.

Clinicians are usually unaware of the psychosocial
impact of implanted PMs and ICDs, as they focus their
attention mainly on the technical aspects of device functions

rather than on psychosocial factors. For this reason, a better
understanding of factors likely to contribute to patients’
perception of their own health would be help in their
management, and in the training of clinicians and nurses.

One of the first studies to assess differences in
psychosocial adaptation, QOL, and incidence of affective
disorders between patients with PMs and those with ICDs
(shock and no-shock groups) found no difference in scores
such as the Hospital Anxiety and Depression (HAD) scale or
Short Form 36 QOL measurement.’®* However, ICD patients
who had experienced a shock reported more limitation in
their leisure time activities than patients in the other two
groups (ICD without shock and PM) and were particularly
concerned about the battery running out or about possible
technical failures of their device. A greater demand for a
support team in the shocked ICD group than in the non-
shocked ICD group or the PM group was also reported.
Thus, the authors recommend evaluating the potential ben-
efits of a support team, for patients’ families and patients
themselves.

In a cross-sectional study, Newall et al compared the
experience of 49 ICD and 46 PM patients.** ICD patients
were significantly younger and were more frequently
worried about their device than PM patients. Significant
differences were noted between groups in the need for
psychological support. The researchers also compared
anxiety and depression and mental component QOL scores
related to device therapy, including the number of received
shocks and whether these were appropriate or not, but found
no correlation between any of these variables. The authors
suggested that their service helped to ensure low levels of
anxiety/depression for the ICD patients, as it consisted of
a small staff group whom the patients could get to know,
which ensured pre-implant assessment with education both
at implantation and at follow-up.

In the only identified American project involving
comparison between PM and ICD patient groups,®® the
authors conducted a cross-sectional correlational study using
self-report data from 174 subjects (40% pacemakers, 60%
ICDs). Although no differences were noted between ICD
and PM patients in total adjustment or other questionnaire
scores, ICD patients were more fearful/anxious than those
with a PM. This investigation showed how older people
may be more accepting of physical limitations, which they
regarded as natural consequences of aging, whereas younger
people may feel more constrained by being unable to con-
tinue working, driving, or participating in sports that they
had previously enjoyed.
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Hesse established the hypothesis that patients’ mis-
conceptions about PMs, together with inadequate psy-
chosocial support, accounted for adjustment difficulties,
and suggested a Pacemaker Support Program, to provide
psychosocial counseling and education about the PM.
Other authors proposed that the patients’ perspective
on their PM, and any associated lifestyle alterations,
depended on the accuracy of information received on
what to expect and how to be reassured that the device
was normally working.%’

From the patients’ perspective, the most distressing issues
related to the presence of an ICD are lack of detailed informa-
tion, experience of multiple shocks, and an increasingly nega-
tive sensation after receiving multiple shocks. Technological
improvements are expected to enhance the perceived QOL.
According to this assumption, the PainFREE Rx II Trial,*
which documented the efficacy of anti-tachycardia pacing
for fast VTs, demonstrated that QOL can be improved by
programming anti-tachycardia pacing even in patients with
fast ventricular tachycardias. With regard to a potential
deterioration of perceived QOL caused by delivery of ICD
shocks for fast VTs, it would be reasonable to program ATP
attempts in all ICD patients, regardless of the cycle length
of the index arrhythmia. Furthermore, in order to reduce
the ICD interventions, an ongoing trial’® will assess the
impact of higher rate cutoffs and longer delays, compared
with standard programming on the burden of inappropriate
therapies in primary prevention ICD and CRT-D patients.
In addition, a recent study has demonstrated that patients
with implanted devices continuously followed by means
of the home monitoring remote control system showed a

high level of acceptance of, and satisfaction with, this new
technology.>

Nevertheless, ICDs can disrupt patients’ psychological
status and QOL, in turn promoting the pathological pro-
cesses that increase the risk of sudden cardiac death; the
full benefit from these devices can be achieved only when
each patient’s psychosocial status and QOL are preserved
not only by technical/technological device-related improve-
ments, but also by psychological support® (Figure 6). Stud-
ies supporting interventions specifically designed to assist
recovery of ICD patients have been published in recent
years. While one of them found no obvious benefit from a
support group intervention,®' others report the advantage
of comprehensive cardiac rehabilitation programs,®® of a
structured nursing telephone intervention,* of a cognitive
behavioral therapy-based intervention,* of a nurse-led
education program,’” and of a structured psychosocial
management program.®

The introduction of CRT, either with or without an
associated ICD, in patients with heart failure has created an
additional subgroup of individuals living with quite complex
pathophysiology and equally intricate technology.®® Although
QOL is taken in account in such patients,” it is equally
essential to inform them about the development of appro-
priate interventions, particularly in those considered to be
‘non-responders’ to the therapy. Implications of other future
developments, such as remote device monitoring,” and the
increasing number of children and young adults implanted
with devices, must also be considered,’>” as it is necessary to
take care of the needs of device implanted patients and of their
families when facing the issue of death and dying.”>” These

Physiological factors

Susceptible

Heart (electrical instability)

Previous myocardial infarction

Low ejection fraction

Severity of myocardial ischemia
Chronic obstructive pulmonary disease
Pulmonary edema

Social support factors
Lack of social support high life change
Lack of pets/attachment to pets

Congestive heart failure

Age

Behavioral factors
Coronary-prone behavior
anger directed inward

Psychological factors
Anxiety and depression

| Ventricular arrhythmias |

!

| Sudden cardiac death |

Figure 6 Holistic model of cardiovascular health. See text for explanation.
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concerns may include discussion around topics such as de-
activation of shock therapies, informing palliative care teams
about the symptom-control rather than the life-prolonging
effects of CRT-P, and information about the need to explant the
device after death prior to cremation.™ Deactivation of ICDs
in patient nearing end of life is a controversial and debated
issue, which is becoming increasingly topical. In this regard,
the Heart Rhythm Society, in its 2008 consensus statement
on CIEDs,” affirmed that “The primary aim behind the ratio-
nale for deactivation must always be to respect the patient’s
right to live, or at least to die with dignity, while limiting any
therapeutic action that increases the patient’s level of stress,
pain or anxiety.” More recently, the European Heart Rhythm
Society issued a consensus statement on the subject of ICDs
deactivation in patients with irreversible or terminal illness.”
In this document, the members of the EHRA committee have
discussed the ethical, legal and technical aspects of this issue,
following the “key principles of liberal democratic societies,
which include respect for the diversity of values and cultures,
equal rights for all individuals, and preservation of fundamen-
tal human rights.”’

Conclusion

In recent years, the rates of new implantations of ICDs and
PMs have increased, due to the extended number of indica-
tions and to the population increasing aging. However, the
growing burden of comorbidities in CIEDs patients, the
greater complexity of the devices and the increased duration of
procedures, lead to an augmented risk of infections, which is
out of proportion to the increase in implantation rates. CIEDs
infections are an ominous condition, which often implies the
necessity of hospitalization and which carries an augmented
risk of in-hospital death. Their clinical presentation may be
either at pocket or at endocardial level, while in some occa-
sions they manifest themselves only with bacteremia. For
this reason, a high degree of clinical suspicion is needed,
especially after detection of SAB.? Their treatment requires
removal of all the implanted material, followed by an entire
cycle of microorganism-specific antibiotic therapy, unless they
are superficial, limited to pocket site and with no evidence of
device involvement.?

Failure in CIEDs functioning is an event that, although
rare, can lead to severe clinical consequences. Public
authorities request the physicians to report any possible
technical failure to the companies and to the authorities
themselves, so that prompt and thorough information can be
given to the whole medical community. Although authorities
can suggest the replacement of all of the devices or leads

subject to recall, in clinical practice only a minority of
replacements are actually performed, while most cases are
managed conservatively with close follow-up. This behavior
has proved to be safe,*® as the actual number of failures is
usually lower than estimated; furthermore, it is necessary to
perform an accurate balance of risk with both strategies, as
in some cases the removal of a potentially defective device
can be more harmful than keeping it working.*

In clinical practice, patients with PMs may be perceived
as requiring less support than those with ICDs, likely because
their underlying cardiac condition may seem less ‘acute’ or
‘dramatic’ compared with the potential risk of cardiac arrest
that indicates the need for an ICD. However, patients with
ICDs and pacemakers seem to have very similar experiences.
In fact, some patients with PMs are completely dependent
on their device to maintain a functional heartbeat and could,
therefore, be considered to have equally important support
need. The main difference in how they adapt appears to be
related to the experience of receiving shocks by the ICD.
Both with PMs and with ICDs, it is important to assess
the patients’ understanding of their device and to address
any gaps in knowledge, to talk about any concerns or fears
related to device function or their underlying disease pro-
cesses, lifestyle modifications and the implications of their
current health situation in relation to their device; particular
attention must be paid to ICD patients who are nearing their
end of life and who might request the withdrawal of therapy.
Furthermore, the emerging evidences suggest the need of
specific psychological support programs, in order to interrupt
or to limit the vicious circle described by the holistic model
of cardiovascular health.
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