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Patients with cardiac rhythm management devices
such as pacemakers and defibrillators are cared
for jointly by GPs and cardiologists. GPs can
manage issues such as wound care, bleeding and
pain, and provide guidance regarding work, travel
and household appliance use.

KEY POINTS

¢ Implanted cardiac rhythm management (CRM)
devices are commonly used in Australia.

e The main types of implanted devices are
pacemakers, defibrillators, biventricular pacemakers/
defibrillators and implantable loop recorders.

o Care of patients with CRM devices should be jointly
shared between the GP and cardiologist.

o Early complications are best referred back to the
interventional cardiologist; they include wound-related
issues (active bleeding, infection, large haematoma),
unusual postprocedural pain (pericardial or pleuritic
pain) and noncardiac muscle twitching.

* There are many misconceptions in patients with
implanted CRM devices regarding legal and safe
driving, the use of household devices such as mobile
phones and microwave ovens, foreign travel and
working safely in environments where there are
sources of electromagnetic interference.

pproximately 20,000 cardiac rhythm management
(CRM) devices are implanted per year in patients in
Australia.! Although patients with these devices require
lifelong cardiologist follow up, GPs are likely to encoun-
ter patients who are concerned about their devices, both imme-
diately after implantation and later. This article discusses the
common devices implanted and associated postprocedural
issues, and also lifestyle guidance regarding work, travel and
household appliance use for patients with these devices.

Device types and their implantation

Comprehensive details regarding the indications of CRM devices
are provided in international guidelines and are summarised
in Table 1.* Chest radiographs of patients with these devices in
situ are shown in Figures la to h.
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CARE AFTER CRM DEVICE IMPLANTATION continued I

TABLE 1. KEY IMPLANTABLE CARDIAC RHYTHM MANAGEMENT DEVICES AND INDICATIONS FOR USE

cardioverter
defibrillator (ICD)

DDD: two leads, in the RA and RV

CRM device Pacemaker code and lead location Key indications
Pacemaker VVI: one lead in the RV ¢ Symptomatic bradycardia (sinus node disease, high-degree AV
DDD: two leads, in the RA and RV block)
¢ Tachycardia—bradycardia syndrome
¢ Reflex asystolic syncope
¢ Prolonged asymptomatic pauses or high-degree AV block
e Syncope in the presence of a bundle branch block with other
suggestive feature of conduction failure
Implantable VVI: one lead in the RV e Secondary prevention (patients who have survived a VF/VT arrest)

Primary prevention (patients at higher risk of having a VF/VT arrest,
e.g. EF =<35%, hypertrophic cardiomyopathy with high risk features,
inherited primary arrhythmia syndromes with high risk features)

Biventricular
pacemaker (CRTP)

VVI: two leads, in the RV and the LV
epicardium via the coronary sinus
DDD: three leads, in the RA and RV
and the LV epicardium via the

Symptomatic heart failure with an EF <35% in the presence of
LBBB with a QRS duration >120 ms. The data showing benefit of
biventricular pacing in RBBB is less convincing

Patients with a reduced EF who are going to have a pacemaker due

coronary sinus

to bradycardia and are likely to often ventricular pace

Biventricular ICD
(CRTD)

coronary sinus

VVI: two leads, in the RV and the LV
epicardium via the coronary sinus
DDD: three leads, in the RA and RV
and the LV epicardium via the

Indications for both an ICD and an CRTP satisfied

Subcutaneous ICD

Single subcutaneous lead with no

— who are young

Indications for transvenous ICD satisfied in patients:

permanent pacing capability — with no requirement for bradycardia pacing, biventricular pacing
or antitachycardia pacing

— with blocked subclavian venous system

— with transvenous system infections

Implantable loop
recorders

Subcutaneous device with no pacing
or defibrillation capability

Abbreviations: AV = atrioventricular; CRTD = cardiac resynchronisation therapy defibrillator; CRTP = cardiac resynchronisation therapy pacemaker; DDD = dual pacing,
dual sensing, dual response; EF = ejection fraction; ICD = implantable cardioverter defibrillator; LBBB = left bundle branch block; LV = left ventricle; RA = right atrium;
RBBB = right bundle branch block; RV = right ventricle; VF = ventricular fibrillation; VT = ventricular tachycardia; VVI = ventricular pacing, ventricle sensing, inhibition.

Recurrent syncope of unknown cause

Pacemakers and defibrillators are
composed of a battery-powered pulse
generator attached to one, two or three
leadsinserted into the heart. The leads may
be positioned in the right atrium or the
right ventricle (single-chamber pacemaker)
or both (dual-chamber pacemaker), and
may also be attached to the left ventricu-
lar epicardium via the coronary sinus (to
give biventricular pacing). A three-letter
code defines the pacing mode of the
pacemaker:

o the first letter denotes the chamber
paced — Atrium, Ventricle or Dual
o the second letter, the chamber sensed
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- Atrium, Ventricle or Dual
o the third letter, how a pacemaker
responds to a sensed event — I = sensed
event Inhibits pacing, T = pacing
Triggered in response to a sensed
event, D = Dual modes of response.
Cardiac resynchronisation therapy
(CRT), also known as biventricular pacing,
aims to reverse the deleterious effects
of left bundle branch block in patients
with heart failure and a reduced ejection
fraction. The right and left ventricular
pacingleads generate two ventricular acti-
vation wavefronts that move towards each
other. The benefit of resynchronisation
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therapylies in effective fusion of these two
depolarisation wavefronts, synchronising
the walls of the left ventricle, thereby
improving efficiency of the heart’s
pumping function (Figure 2).° This benefit
is greatest in patients with left bundle
branch block.

Pacemakers, implantable cardioverter
defibrillators (ICD), cardiac resynchro-
nisation therapy pacemakers (CRTPs)
and cardiac resynchronisation therapy
defibrillators (CRTDs) are usually placed
in the left infraclavicular region (occa-
sionally on the right) and connected to
the myocardium via transvenous leads.
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Figures 1 a to h. Cardiac rhythm devices in situ. a, b (left). Pacemakers. ¢, d (centre left). Implantable cardioverter defibrillators.
e, f (centre right). Biventricular cardiac resynchronisation therapy devices. g, h (right). Subcutaneous implantable cardioverter defibrillator

and implantable loop recorder, respectively.

Abbreviations: CRTD = cardiac resynchronisation therapy defibrillator; CRTP = cardiac resynchronisation therapy pacemaker; DDD = dual pacing, dual sensing, dual response;
ICD = implantable cardioverter defibrillator; ILR = implantable loop recorder; S-ICD = subcutaneous ICD; VVI = ventricular pacing, ventricle sensing, inhibition.

Most leads are actively attached to the
myocardium (active fixation) - they have
a small retractable helix (corkscrew) that
allows anchoring. Passive fixation leads
have tines to facilitate adherence to the
myocardium. Some devices have no
transvenous connection: subcutaneous
defibrillators (S-ICDs) are placed in the
leftlateral chest wall with a subcutaneous
tunnelled lead, and implantable loop
recorders (ILR) are inserted in the left
parasternal region and have no lead.
Rarely, devices are implanted surgically
with the leads directly attached to the
epicardium, which has the advantage of
not requiring a transvenous system but
the disadvantage of a more invasive
procedure under general anaesthetic.
The epicardial technique is reserved for
when there is difficulty in delivering a

pacing lead to the intended cardiac cham-
ber (e.g. in the presence of subclavian
vein obstruction, congenital heart disease,
challenging coronary sinus anatomy),
cardiac surgery is being performed
and there is a concurrent need for per-
manent pacing, there is a mechanical
tricuspid valve or in certain paediatric
populations.

Follow up after implantation

After a new device is implanted, patients
are usually seen six weeks later and
subsequent follow ups are every six to
12 months, guided by patient- and device-
related factors.

Some patients also have remote mon-
itoring, whereby the device wirelessly
sends data relating to its function and
recorded arrhythmias to the cardiologist.

This monitoring requires a daily trans-
mission of information by a landline or
mobile telephone; mobile telephonic trans-
mission of information may have limited
applicability in rural areas because of poor
mobile telephone reception. Remote mon-
itoring allows rapid detection of abnormal
device function and arrhythmia events
and its uptake is likely to increase with
time.® Any device reprogramming, how-
ever, requires attendance at the pacemaker
clinic.

Devices can also be programed to
deliver a regular but not continuous
audible/vibration alert that would be
noticeable to the patient if a potential
hazardous error is detected. If this occurs,
the patient should see their cardiologist
urgently for further assessment and
interrogation of the device.
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CARE AFTER CRM DEVICE IMPLANTATION continued I
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Figure 2. Cardiac resynchronisation therapy (CRT). Pacing the septal and lateral walls of the left
ventricle with CRT (leads denoted by yellow stars) resynchronises the heart, negating the adverse

effects of left bundle branch block.

Reproduced with permission of John Wiley and Sons from: Voskoboinik A, McGavigan AD, Mariani JA. Intern Med J
2016; 46: 255-2655.° © 2016 Royal Australasian College of Physicians.

Post-implantation issues

Wound care

The surgical incision from device implan-
tation is usually closed with absorbable
stitches. However, if nonabsorbable
sutures are used, they should be removed
five to seven days after the procedure.

The patient should keep the incision
dry, ideally with a waterproof dressing, for
at least five days to minimise the risk of
infection. During this period, options for
bathing include showering with a detach-
able shower head directed away from the
wound and a sponge bath, covering the
dressing with a towel. If the wound
becomes wet, the dressing should be
removed and a hair dryer used to dry the
skin before redressing, rather than rubbing
with a towel.

For the first month, pressure on the
wound should be minimised. Handbags,
backpacks, brassiere straps, seat belts and
slings should not traverse the incision.

Haematoma

The risk of pacemaker pocket haematoma
is approximately 5% and its occurrence is
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dependent on both surgical technique
and patient-related factors.” A combina-
tion of antiplatelet agent use and preop-
erative heparin is associated with the
highest risk.

Haematomas can be managed con-
servatively, provided there is no active
bleeding and the skin sutures have integ-
rity; very large haematomas can take up
to six weeks to resorb. A patient with an
actively bleeding wound that cannot be
controlled by direct pressure should be
referred back to the implanting centre for
urgent review. Needle aspiration of the
pocket should never be attempted as this
may seed infection into a previously sterile
pocket, with no diagnostic or therapeutic
benefit for the patient. If there is any
doubt, the patient should be referred back
to the implanting centre.

Pain

Implant site pain is expected for the first
few days after the implantation procedure
and is best managed with paracetamol
and intermittent application of cold com-
presses. Occasionally, stronger analgesia
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isrequired, particularly after a subpectoral
muscle implant.

Significant pain occurring more than
four weeks after implantation should
prompt further evaluation to exclude
cellulitis, pocket infection, impending
erosion or superficial implant of the device.
White blood cell counts and C-reactive
protein levels may remain unremarkable
even in the presence of a significant pocket
infection. Therefore, prompt clinical eval-
uation in the pacemaker clinic is war-
ranted. The incidence of infection is higher
after a generator change (5.3 per 1000
patient-years) than after a new implant
(1.8 per 1000 patient-years).?

Pleuritic or pericardial pain in the first
month after the procedure requires imme-
diate assessment to exclude pneumothorax
(less than 1% risk) or lead perforation into
the pericardium with or without tampon-
ade (less than 0.5% risk).” Deceivingly, these
complications can occur despite initially
reassuring predischarge pacing checks and
chest radiographs. These complications
are only seen when leads are placed in the
heart, and are therefore not associated with
generator replacements, implantable loop
recorders or subcutaneous ICDs.

Muscle twitching

Electric impulses from CRM devices are
expected to stimulate myocardium;
however, they can also stimulate the
diaphragm, intercostal or pectoral mus-
cles. This muscle twitching may be benign
(e.g.left ventricular lead in close proximity
to the phrenic nerve) or indicate a problem
such as lead displacement or insulation
fracture. Patients with new or persistent
noncardiac muscle stimulation should
always be referred to the pacing clinic.

Deep venous thrombosis

Unilateral upper arm swelling associated
with pain or erythema is suggestive of upper
limb deep venous thrombosis, which can
be confirmed by Doppler ultrasound or
computed tomography venogram. The
incidence of this complication in pacemaker
implantation is less than 5%, although
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CARE AFTER CRM DEVICE IMPLANTATION continued I

AND RELATED PROCEDURES*?

Procedure

TABLE 2. MINIMUM SUGGESTED DRIVING RESTRICTIONS FOLLOWING CARDIAC RHYTHM MANAGEMENT DEVICE IMPLANTATION

Nondriving period

Private driver

Commercial driver

Cardiac pacemaker insertion (VVI, DDD,
CRTP)

2 weeks

4 weeks

Pacemaker generator change

No restriction

No restriction

Cardiac defibrillator insertion (ICD, CRTD)

Primary prevention: 2 weeks
Secondary prevention: 6 months

Not eligible to hold a commercial license

Cardiac defibrillator generator change

2 weeks

Not eligible to hold a commercial license

Cardiac defibrillator therapy (shock or
antitachycardia pacing)

4 weeks

Not eligible to hold a commercial license

Implantable loop recorder insertion

No restrictions related to device but
usually restricted due to having
syncope of unknown origin

Abbreviations: CRTD = cardiac resynchronisation therapy; CRTP= cardiac resynchronisation therapy pacemaker; DDD = dual pacing, dual sensing, dual response;
ICD = implantable cardioverter defibrillator; VVI = ventricular pacing, ventricle sensing, inhibition.

No restrictions related to device but usually
restricted due to having syncope of unknown
origin

asymptomatic subclavian vein thrombosis
is more common."™"" Anticoagulation for
at least three months is recommended if
deep venous thrombosis is confirmed.

No improvement or recurrence in
symptoms
Syncope in patients with an implanted
pacemaker is not common but requires
urgent action. It is reported as occurring
in 18% of patients implanted for sinus node
disease at 10 years of follow up and in 5%
of those implanted for atrioventricular
block at five years’ follow up."* A pacemaker
hardware fault (lead exit block, conductor
fracture, insulation break, battery deple-
tion) or software problem is the culprit in
less than 5% of cases and is diagnosed by
an urgent pacing check. The most common
cause is vasovagal syncope, which is seldom
alleviated by pacemaker programming,
In patients with ICDs, syncope, aborted
syncope or sensation of defibrillation
(commonly described by patients as ‘a
horse kicking you in the chest’) may rep-
resent malignant ventricular arrhythmias
and should be referred to the treating
cardiologist and/or emergency depart-
ment immediately.
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Patients with sinus node dysfunction
receiving a pacemaker may feel still
nonspecifically flat after insertion of the
device. Activation and optimisation of
rate-responsive pacing is often necessary
at the initial and subsequent visits.

The development of atrial fibrillation
may not be obvious in the patient with a
pacemaker because the usual finding of
anirregular rhythm is masked by regular
ventricular pacing; the clinical signifi-
cance could be both stroke risk and unex-
plained symptoms of heart failure or effort
intolerance. An ECG can be performed,
and suspicion aroused if the ventricular
rate is fixed on 70 beats per minute with
no preceding ‘p’ wave, but often a visit to
the pacemalker clinic is required.

Chronic right ventricular pacing can
induce heart failure, known as pacing-
induced cardiomyopathy, in up to 12%
of patients over four years.”? If patients with
pacemakers develop symptoms of heart
failure and reduced ejection fraction is
confirmed, a system upgrade with addition
of a left ventricular lead can reverse the
cardiomyopathy in up to 80% of cases."

Cardiac resynchronisation therapy
improves symptoms and mortality

MAY 2017, VOLUME 18, NUMBER 5

outcomes in selected patients with heart
failure.® Approximately 70% of patients expe-
rience an improvement with this therapy.®
Those who do not respond should have
detailed cardiology assessment to optimise
their resynchronisation therapy.

Lifestyle guidance

Driving

In Australia, it is mandatory that patients
notify their state driving licensing author-
ity following implantation of a CRM
device."” Patients are subject to driving
restrictions after device implantation and
other device-related procedures, with
suggested minimum nondriving periods,
and must remain free of syncope for this
period before driving again (Table 2)."

Foreign travel

The manufacturers of CRM devices used
in Australia have a worldwide presence,
hence local healthcare providers will be
able to help in the unlikely event of a device
malfunction abroad. Nonetheless,a CRM
device check before departure is recom-
mended. The Implantable Device Identi-
fication Card contains information that
may be invaluable at border security or in
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TABLE 3. GENERAL GUIDANCE REGARDING USE OF CARDIAC RHYTHM MANAGEMENT DEVICES NEAR ELECTROMAGNETIC

INTERFERENCE SOURCES

Electromagnetic interference source

Suggested precautions

Household items

Mobile phones

Safe to use at a distance of 15 cm from the CRM generator

Headphones/speakers/radios

Safe to use at a distance of 15 cm from the CRM generator

Other magnetic items (pillows,
mattresses)

It is not recommended to use these products as it would be difficult to maintain a safe
15 cm distance from the generator

Electronic fat scales

It is not recommended to use these products, particularly for patients who are pacing-
dependent or have ICDs

Security

Anti-theft systems

Generally safe. Do not stay closer than 30 cm to the electronic surveillance system for
longer than necessary

Metal detectors (airports)

Generally safe. Do not stay within the detector for longer than necessary. The patient
should inform airport security that they have a CRM device in situ. If a hand-held scan is
required, this should not be held beside the generator longer than necessary

Electric fences

A safe distance of 30 cm is recommended

Medical investigations and treatments

Magnetic resonance imaging

Only certain devices and lead combinations are considered permissible in MRI. Some
devices have been certified as MRI permissible in Europe and the USA but have yet to be
approved in Australia. If a patient with a MRI permissible CRM device is having a MRI
they will need the programming on the device altered prior to having the scan

Electrosurgery

If an operation is planned, the risks of pacing inhibition or inappropriate ICD therapy
are low if the procedure is below the umbilicus. However, anything above the umbilicus
should involve a discussion with the treating cardiology team. If emergency surgery is
required where cardiology input might not be expedient enough, a magnet applied
continuously above an ICD generator should deactivate antitachycardia therapies and
above a pacemaker should result in asynchronous pacing

Lithotripsy, radiofrequency ablation,
cardioversion

Device will need to be checked and reprogrammed periprocedure

Transcutaneous nerve stimulation

Should generally be avoided in the torso. Burst mode should not be used. May be used
in other circumstances after cardiology evaluation with the TENS machine ON

Radiotherapy

It may be necessary to program rate response OFF in pacemakers and disable
tachycardia therapies in ICDs prior to each dose of radiotherapy. The device should be
checked after each treatment that involves radiation to the ipsilateral chest wall where
it is implanted

Dental treatment (ultrasonic baths/
scalers, drills)

These are generally safe

Work

Power tools (saw, sanders, drills, etc.)

Generally safe if the electric motor is kept at least 15 cm away from the generator

Arc welding/high voltage power cables

Patients are discouraged from being closer than 60 cm to these

Ungrounded electricity

Not safe to work with

Abbreviations: CRM = cardiac rhythm management; ICD = implantable cardioverter defibrillator; MRl = magnetic resonance imaging; TENS = transcutaneous nerve stimulation.
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CARE AFTER CRM DEVICE IMPLANTATION continued I

the event of a medical emergency abroad,
and should be carried by the patient. These
cardsare mailed to the patient directly from
the device manufacturer following an
implant. Alternatively, the relevant data
can be obtained from the pacemaker clinic.

Adequate travel insurance with full
disclosure of medical conditions is likely
to be the biggest limitation to foreign
travel. Many insurers require 90 days of
no change in medical condition, which
can include medication dose changes, to
issue complete cover.

Flying is safe if the patient is in status
quo 48 hours after an uncomplicated
CRM device implant. If the procedure
was complicated by a pneumothorax,
there should be a minimum period of two
weeks for recovery."*

Electromagnetic interference
Tissue heating, circuit failure, inhibition
of pacing output and ICD misfiring can

result from electromagnetic interference
affecting CRM devices.”” Modern device
construction has mitigated the risk from
most electromagnetic interference sources
to minimal levels. General advice is given
in Table 3 and also online (e.g. the Amer-
ican Heart Association website, www.heart.
org; search for ‘Devices that may interfere
with pacemakers’ and ‘Devices that may
interfere with implantable cardioverter
defibrillators [ICDs]’).1!8 Potential risks
are higher in patients with pacemakers who
are pacing-dependent (have no underlying
intrinsic heart rhythm) and in those with
an ICD. There are no significant risks of
electromagnetic interference with implant-
able loop recorders.

As the potential sources of electromag-
netic interference increase (known and
unknown) in both the workplace and
home, unexpected interactions with CRM
devices may occur. In certain situations
it may be appropriate to enlist an approved

contractor to perform environmental
testing for electromagnetic interference
that might affect CRM device function.

Conclusion

GPs and cardiologists care for patients
with CRM devices jointly. GPs are likely
to be consulted by patients with these
devices regarding post-implantation issues
such as wound care, bleeding and pain,
and should feel empowered to provide
lifestyle guidance to these patients with
respect to work, travel and household
appliance use. Complications or device
malfunction can occur at any stage and,
if suspected, should prompt referral to the
patient’s cardiologist. MT
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