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PREAMBLE

The original guideline for non-pharmacological treatments (cardiac
implantable electronic device, catheter ablation, and arrhythmia sur-
gery) of arrhythmias (Japanese Circulation Society [JCS] Guideline
on Non-pharmacotherapy of Cardiac Arrhythmias) was first pub-
lished in 2001, and there have been two revisions thereafter (2006
and 2011). The “JCS Guideline on Indications and Procedures for
Catheter Ablation” was published in 2012 to cover the rapid devel-
opment and expansion of catheter ablation techniques. Advances in
non-pharmacological treatment of arrhythmia have further acceler-

ated since then, with the succeeding emergence of new functions,
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usefulness, and evidence. Against the background of these remark-
able developments, the guidelines needed to undergo many changes
and revisions. Therefore, the format has been revised again to in-
clude cardiac implantable electronic devices and catheter ablation
therapies.

Since 2011, there has been a succession of innovative devices
and treatment methods, such as (1) implantable cardiac monitoring,
(2) subcutaneous implantable cardioverter-defibrillators, (3) wearable
cardioverter-defibrillators, (4) remote monitoring, (5) magnetic reso-
nance imaging-compatible devices, (6) leadless pacemakers, (7) bal-
loon technology for pulmonary vein isolation, (8) percutaneous lead
extraction, and (9) left atrial appendage closure devices. Thus, this
revision needed to add new sections to accommodate these develop-
ments. In addition, new content on existing treatment methods has
been added as much as possible, including hardware improvements,
new evidence, and the challenge of reducing radiation exposure.
Selecting and summarizing suitable information from the vast amount
of available data within a limited space could have been a daunting
task for all team members; however, our efforts have culminated in
this guideline revision containing carefully selected and essential in-
formation, thanks to everyone who collaborated on this project.

Two related guidelines (JCS Guideline on Treatment of Acute
and Chronic Heart Failure, and JCS Guideline on Treatment of
Genetic Arrhythmia) were each revised in 2018.12 Some working
group members participated in the revision of both guidelines, as
team members or observers, thus ensuring consistency between the
guidelines. Non-pharmacotherapy in the broad sense includes ex-
ternal cardioversion for atrial fibrillation and sustained ventricular
tachyarrhythmias, temporary intravenous pacing, and percutane-
ous pacing. However, for details of these therapies, refer to the JCS
Guidelines on Pharmacotherapy of Atrial Fibrillation® and the Japan
Resuscitation Council Guidelines.*

I | INTRODUCTION

1 | Current status of non-pharmacotherapies in
Japan

Pacemaker treatment for bradyarrhythmia was first approved for na-
tional health insurance coverage in Japan in 1974, and its use rapidly
became widespread thereafter. Approximately 40 years later, in 2017,
the number of patients treated with this technology has increased to
60 137 (41 895 new cases and approximately 18 242 replacements).”
Capsule-shaped leadless pacemaker also became available in 2016,
and this technology is being established as a new option.
Non-pharmacological treatment of tachy-arrhythmia began in
1969 from when Will C. Sealy performed surgery in patients with
Wolff-Parkinson-White (WPW) syndrome (Figure 1). Since then, the
application of surgical treatment has expanded to conditions such
as ventricular tachycardia (VT) and atrial fibrillation (AF), and sur-
gery has been the pioneer of radical therapy for tachyarrhythmias.

At the present time, many surgical methods have been replaced by
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FIGURE 1 History of non-pharmacotherapy of cardiac arrhythmia

catheter ablation; however, surgical treatment still remains an indis-
pensable option for patients with a tachycardia resistant to other
medical treatments.

As with surgical treatment, catheter ablation was initially per-
formed for supraventricular tachycardias such as WPW syndrome.
However, the revolutionary discovery of pulmonary vein isolation
(PVI) for AF and the advent of three-dimensional (3D) navigation sys-
tems have subsequently resulted in a tremendous increase in the num-
ber of cases treated with catheter ablation. In 2016, >74 000 catheter
ablation procedures were performed in Japan, of which >45 000
were implemented for AF.° In 2015, a PVI method using cryoballoon
ablation was introduced in Japan. Later, new techniques such as hot
balloon or laser balloon (endoscopic systems using laser irradiation)
ablation technologies entered the market, and safer and easier treat-
ment methods are currently being established. In addition, prevention
of systemic embolism using a left atrial appendage closure (LAAC) de-
vice is being established as a breakthrough treatment for AF patients
who have difficulty in continuing anticoagulation therapy.

Because early implantable cardioverter-defibrillators (ICDs)
were highly invasive owing to the requirement for a thoracotomy,
the indications for this treatment were highly limited. However,
the development of transvenous leads, the discovery of the bi-

phasic shock method, and a reduction in both the size and weight
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of the generator have now enabled implantation using the same
technique as for pacemakers, which has contributed to expanding
the application of ICDs to primary prevention. In 2017, approxi-
mately 6691 devices (4288 new cases, 2403 replacements) were
implanted in Japan.® The subcutaneous implantable cardioverter-
defibrillator (S-ICD) was developed in 2015, and its clinical usage
is progressing.

In 2004, cardiac resynchronization therapy (CRT) became avail-
able for patients with impaired cardiac function, and the usefulness
of this treatment has been verified. especially in heart failure pa-
tients with complete left bundle branch block in Japan. Because pa-
tients with heart failure have a high risk of sudden death, an ICD with
a biventricular pacing function (CRT defibrillator [CRT-D]) was also
developed and approved in 2006. In 2017, CRT was newly adminis-
tered in 3321 patients in Japan, 2399 of whom (72%) received the
CRT-D, demonstrating that the treatment has been actively applied
to prevent sudden death.®> A wearable cardioverter-defibrillator
(WCD) was introduced in Japan in 2015, which can be used for can-
didates for ICD therapy as a bridge treatment until application of
an ICD is possible. Many devices are also equipped with a remote
monitoring function, which sends most of the biological information
and device data to the medical facility while the patient is staying at

home by enabling the early detection of abnormal findings.



NOGAMI ET AL.

As described above, there have been remarkable developments
in the non-pharmacotherapy of arrhythmias. However, problems still
remain, including (1) the risk of complications associated with aging
of patients, (2) the requirement for high-quality training of special-
ists and medical staff to enable them to handle the expanding in-
dications and diversifying treatment methods, (3) the overflow of
information and increasing complexity of management because of
the sophisticated and multiple functionalities of the devices, and (4)
the impact of the expanding indications of expensive devices in the
setting of limited medical resources. In the future, it will be neces-
sary to formulate evidence unique to Japan on the extent to which
cutting-edge non-pharmacological treatments for arrhythmias im-
prove the prognosis of patients.

2 | Necessity and aim of the guideline

This guideline recommends indications for non-pharmacotherapy
of arrhythmia based on the latest findings and evidence. There
is an increasing variety of non-pharmacotherapies, and extensive
progress is being made in this field. This guideline contains infor-
mation on conventional cardiac implantable electronic devices
(CIEDs), such as pacemakers, ICDs, and ICDs with biventricular
pacing function, as well as new information on remote monitor-
ing, magnetic resonance imaging-conditional CIEDs, leadless
pacemakers, percutaneous lead extraction, implantable monitors,
S-ICDs, and WCDs. Information on catheter ablation includes radi-
ation exposure, new 3D mapping systems, balloon ablation for AF,
bipolar ablation, and chemical ablation. In addition, this guideline
discusses the LAAC device for the first time, which is not a treat-
ment for arrhythmia itself but for preventing thromboembolism
- a serious problem associated with AF.

Non-pharmacotherapy of arrhythmia is expected to increase in
the future, so there is a need to standardize all non-pharmacotherapy
processes, including not only treatment indications but also their
theoretical background, recommended procedures, necessary
equipment and implementation system, and precautions that have
to be taken before and after the procedure.

The indications of non-pharmacological treatments of tachyar-
rhythmia in children differ from those in adults, so there are many
cautionary points to note. Therefore, CIEDs and catheter ablation
for children are described under independent chapters, as in previ-
ous guidelines. The information on surgical treatment for arrhyth-
mia mainly focuses on surgical treatment for AF and VT. Surgery for
supraventricular tachycardia has been omitted from this guideline
because the number of surgical procedures has dramatically de-
creased in recent years. Nevertheless, surgery is still indicated for
some patients with supraventricular tachycardias, including those
with unsuccessful ablation.

The aim of this guideline is to clarify the indications, results,
and complications of non-pharmacological treatments for arrhyth-
mias such as bradyarrhythmia, supraventricular tachycardia, AF,

premature ventricular contractions, VT, and ventricular fibrillation,
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as well as treatment for the associated heart failure and thrombo-
embolism. We are striving for standardized treatment by explicitly
describing the procedures. Specific information on the procedures
is also included, such as the knowledge, equipment, and doctor/fa-
cility conditions required to perform the procedure. The guideline
has been created based on evidence and consensus at the time of
publication and should be updated over time. This guideline de-
scribes the recommended indications and procedures as of 2018.
Future technological advances will further expand the indications
for non-pharmacotherapy of arrhythmia and make the procedures
more reliable and convenient.

This guideline is designed to be used as a reference by doctors
diagnosing and treating diseases in clinical practice, and the final de-
cision should be made by the attending physicians after ascertaining
the patient's condition. Even when selecting a diagnosis or treat-
ment that does not follow the guideline, the decision of the attend-
ing physicians should be prioritized in consideration of the individual
patient's situation. In actual clinical settings, it is most important for
the attending physicians to make the judgment after fully consider-
ing the clinical background and social situation of each patient while
complying with the guideline.

3 | Classes of recommendation and
levels of evidence

For this guideline, we first surveyed materials based on evidence
from the USA and Europe, then further critically examined the level
of evidence, collected information available in Japan, and examined
all materials based on the experiences and opinions of members
and collaborators in the joint working group. The recommenda-
tion classes and evidence levels used in this guideline conform to
those of the American Heart Association (AHA), American College
of Cardiology (ACC), and Heart Rhythm Society (HRS) guidelines.”
The recommendation class of indications for each diagnosis and
treatment method is classified as |, lla, lIb, and lll, and the level of
evidence is classified into levels A, B, and C (Tables 1,2).

The guideline also states the class of recommendation and
level of evidence based on the “MINDS Handbook for Clinical

TABLE 1 Class of recommendation

Evidence and/or general agreement that a given

procedure or treatment is useful and effective

Class Il Conflicting evidence and/or a divergence of opinion
about the usefulness/efficacy of the given procedure
or treatment

Class lla Weight of evidence/opinion is in favor of usefulness/
efficacy

Class Ilb Usefulness/efficacy is less well established by

evidence/opinion

Class Il Evidence or general agreement that the given

procedure or treatment is not useful/effective, and in
some cases may be harmful
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TABLE 2 Level of evidence

Level A Data derived from multiple randomized clinical trials

or meta-analyses

Level C Consensus of opinion of the experts and/or small-size

clinical studies, retrospective studies, and registries

TABLE 3 MINDS grades of recommendation

Grade A Strongly recommended and supported by strong

evidence

Grade B

Recommended with moderately strong supporting
evidence

Grade C2 Not recommended because of the absence of strong
supporting evidence
Grade D Not recommended as evidence indicates that the

treatment is ineffective or even harmful

The grade of recommendation is determined based on a comprehensive
assessment of the level and quantity of evidence, variation of
conclusion, extent of effectiveness, applicability to the clinical setting,
and evidence on harms and costs. (From MINDS Treatment Guidelines
Selection Committee, 2007.8)

TABLE 4 MINDS levels of evidence (in literature on treatment)

| Systematic review/meta-analysis of randomized
controlled trials

1l One or more randomized controlled trials

1 Non-randomized controlled trials

IVa Analytical epidemiological studies (cohort studies)

Vb Analytical epidemiological studies (case-control studies
and cross-sectional studies)

\ Descriptive studies (case reports and case series)

\| Not based on patient data, or based on opinions from a

specialist committee or individual specialists

(From MINDS Treatment Guidelines Selection Committee, 2007.8)

Practice Guideline Development 2007”2 published by the Medical
Information Network Distribution Service (MINDS) Evidence-based
Medicine dissemination promotion project as a guideline prepara-
tion method (Tables 3,4). The MINDS grades of recommendation
are comprehensively determined, taking into account the following
factors: (1) level of evidence, (2) amount and variation of evidence,
(3) extent of clinical effectiveness, (4) clinical applicability (physician
ability, regional characteristics, medical resources, insurance system,
etc), and (5) evidence on harm and cost.

The MINDS level of evidence (levels of evidence in literature on
treatment) is a classification based on research design, and the high-
est level was adopted when multiple papers were considered. This
guideline describes both the conventional AHA/ACC/HRS guideline
classifications and the MINDS classification, whenever possible, for

the content of each diagnosis and treatment. However, the MINDS

grade of recommendation and level of evidence should be used only
as a reference, as this system regards the evidence level in a funda-
mentally different manner.

This revision adds new knowledge acquired from advances in di-
agnostic techniques and treatment methods, or recently reported
important evidence, while considering consistency with each of the
previously reported guidelines published by the JCS Joint Working
Group.

Il | CARDIAC IMPLANTABLE ELECTRONIC
DEVICES (CIEDS)

1 | Overview
1.1 | History and transitions

Pacemaker therapy for bradyarrhythmia became covered by insur-
ance in Japan in 1974. Initially, pacemakers only had ventricular pac-
ing function; however, at present, pacemakers with functions such
as maintaining atrioventricular synchrony with dual-chamber pacing
modes, as well as monitoring atrioventricular conductivity to sup-
press right ventricular pacing, have been developed, which has con-
tributed to improving patients’ prognosis. In 2017, a capsule-type
leadless pacemaker appeared on the market, and its clinical applica-
tion is progressing.

An implantable cardioverter-defibrillator (ICD) was introduced
in Japan in 1996 to treat fatal arrhythmias (ventricular tachycardia
[VT]/ventricular fibrillation [VF]). Early ICDs were a highly invasive
treatment requiring a thoracotomy, severely limiting their indica-
tions. However, the subsequent development of transvenous leads,
discovery of the biphasic shock method, and reduction in the size
and weight of the generator enabled use of the same technique as
that for pacemaker implantation, which has greatly contributed to
the expansion of indications for improving life prognosis and for
primary prevention. The year 2000 saw the appearance of the
dual-chamber ICD, which contributed to a dramatic improvement
in pacing function during bradycardia, equivalent to that of a pace-
maker for bradycardia, and a diagnostic algorithm based on atrial
signal detection. Furthermore, the subcutaneous ICD (S-ICD) was
introduced in 2015 and has been actively used for patients without
venous access and/or those who do not require pacing functions.

In 2004, biventricular pacing, or cardiac resynchronized therapy
(CRT), became available for patients with impaired cardiac function,
and its utility has been confirmed, especially in patients with heart
failure who have desynchronous contractions due to complete left
bundle branch block (CLBBB). As patients with heart failure are at a
high risk of sudden death, an ICD with a biventricular pacing function
(CRT-D) was developed and approved in 2006. Improved pacing-site
selectivity with quadrupolar left ventricular leads, functions utilizing
self-right bundle conduction, and multipoint left ventricular pacing
have been applied in clinical practice and may reduce the number of
non-responders. As of 2017, CRT-D has been indicated for 72% of
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new cardiac resynchronization therapy (CRT) cases in Japan; thus,
aggressive prevention of sudden death is ongoing.®

ICDs have limited effectiveness after an acute myocardial in-
farction and at the early stage after the diagnosis of heart failure.
In 2015, wearable cardioverter-defibrillators (WCDs) came into
use to prevent sudden death during the waiting period while the
indications for ICD are being determined. WCD is also used as a
bridging treatment until the next implantation for patients whose
ICD has been removed because of infection or other reasons.

Many devices are equipped with a remote monitoring function,
which now enables the early detection of abnormal findings related
to device functions and biological characteristics. Furthermore,
although their use is conditional, magnetic resonance imaging
(MRI)-compatible devices has become to be recognized as ordinary
function, which is particularly useful in Japan where the rate of in-

stallation and using MRI are high.

1.2 | Required knowledge, facility standards, and
standards for implementing physicians

Non-pharmacological treatment of arrhythmia requires advanced
medical technology, and progress is rapid in this field. Physician
and facility requirements are extremely important for the applica-
tion of this guideline. This section describes the current facility
standards and practitioner standards; however, as these may be
revised in the future, refer to the Japanese Circulation Society or
Japanese Heart Rhythm Society (HRS) websites to obtain the lat-
est information.

Doctors involved in cardiac implantable electronic device (CIED)
implantation must satisfy the following requirements.

1. Sufficiently knowledgeable and experienced in clinical cardiac
electrophysiology studies.

2. Sufficiently knowledgeable and experienced in pharmacotherapy
for arrhythmia and heart failure.

3. Sufficiently knowledgeable and skilled with respect to pace-
makers, ICDs, CRT-P/CRT-D, and surgical procedures as non-

pharmacotherapy, and able to deal with various complications.

Each non-pharmacotherapy must be applied effectively and
safely, and a system for responding to emergencies (human resource
development, establishment of a team medical system, use of fully
maintained equipment) is required.

1.2.1 | Pacemakers

a. | Implantation and replacement using transvenous leads. The
following facility standards for special medical fees are specified as
conditions for applying for insurance (based on the 2015 Medical
Fee Points Table).

1. There should be one or more physicians with at least 5 years’

experience in cardiovascular medicine or cardiovascular surgery.
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In addition, notification should also be possible in the insurance
medical institution (ie, the clinic).

2. Although not a facility standard, it is desirable for the facility to
have a system that can perform cardiac electrophysiology studies,

an outpatient pacemaker clinic, etc.

b. | Leadless pacemakers. The following institutional standards
and practitioner standards were proposed by the Japanese HRS in
2017, considering the novelty of the leadless pacemaker and that
this procedure requires cardiac access via the femoral vein using a

large sheath? (see “3.7 Leadless pacemakers” in this chapter).

Facility standards

1. The facility standards for pacemaker implantation and pacemaker
replacement using transvenous leads should be satisfied, and
there should be full-time doctors with experience in perform-
ing the pacemaker implantation or replacement of at least 10
cases per year.

2. There should be a system capable of emergency cardiovascular
surgery. However, this does not apply to facilities that maintain
cooperation with a neighboring insurance medical institution that

performs emergency cardiovascular surgery.

Practitioner standards

1. Practitioners should have sufficient specialist knowledge on
CIED therapy.

2. Practitioners should have undergone training conducted by mar-
keting authorization holders and supervised by relevant academic

societies.

1.2.2 | ICD, CRT-P/CRT-D, and wearable cardioverter-defibrillator
(WCD)

The following facility standards for special medical fees have been
established as a condition of insurance application for ICD and
cardiac resynchronization therapy pacemaker (CRT-P)/cardiac re-
synchronization therapy defibrillator (CRT-D) (based on the 2015
Medical Fee Points Table).

1. The hospital advocates cardiology and cardiovascular surgery.
2. At least 50 patients undergo cardiac electrophysiology studies
per year, and = 5 cases should be ventricular tachyarrhythmia.

3. At least 30 patients undergo open-heart surgery or coronary ar-
tery or bypass grafting per year, and at least 10 pacemaker im-
plantations are performed per year.

4, At least 2 full-time cardiologists and cardiovascular surgeons are
appointed, and 2 2 of them have completed the prescribed training.

5. Necessary equipment should be available so that the tests listed
below, which are required for performing the procedure, can be
conducted at any time within the insurance medical institution.
(i) Blood tests
(i) Biochemical tests
(i) Imaging diagnostics
Item (6) below is for CRT-P only.
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6. The facility staff should be sufficiently experienced in treating
severe heart failure using a ventricular assist device including

external systems.

The following practitioner standards were proposed by the
Japanese HRS in 2016 for S-1CD implantation.™*

Practitioner standards

1. Practitioners must have undergone training conducted by mar-
keting authorization holders and supervised by relevant academic
societies.

2. At least the first 2 cases of implantation are performed under
the guidance of a physician who has completed both the above
training and a program for trainers conducted by the marketing
authorization holder. Alternatively, the practitioner must have ob-
served at least 1 implantation procedure before performing the
first case of implantation, and thereafter must have performed at

least 2 other implantations under the guidance of a surgeon.

Clinical use of a WCD requires appropriate selection of cases
and understanding of the equipment, and the following practitioner

standards were proposed by the Japanese HRS in 2017.1?

Practitioner standards

1. Practitioners must have undergone training on WCD prescription
qualifications supervised by relevant academic societies.

2. Medical personnel (doctors and medical staff) involved in WCD
must undergo training conducted by marketing authorization

holders.

1.2.3 | Implantable cardiac monitors (ICMs)
ICMs may be implanted in any facility that satisfies the facility
standards for pacemakers, ICD, or CRT-P/CRT-D as a condition for

insurance application (based on the 2015 Medical Fee Points Table).

1.3 | Informed consent

When deciding on the indications for treatments that require ad-
vanced medical technology such as CIEDs, it is essential that the
patient provides voluntary consent after receiving sufficient infor-
mation. The information should be provided using words that the
patient can understand, pursuant to the provisions of Chapter 1,
Article 1-4, paragraph 2 of the Medical Care Act: “In the delivery
of medical care, a physician, dentist, pharmacist, nurse, or other
medical care professional shall give appropriate explanations and
endeavor to foster understanding in the recipients of medical care.”

The content of the explanation is based on the judgment accord-
ing to the knowledge and experience of each doctor; however, it is
necessary to provide the following information to the patient: (1) in-
formation on the disease (type and severity of arrhythmia, underlying
heart disease, etc); (2) aim and details of the treatment (including de-

vice model and manufacturer name), therapeutic effect and success

rate, complications (types, severity, and incidence) during the acute
phase and during long-term follow-up (requires not only general in-
formation but also information on the performance in the facility in
question), and the reason for selecting the treatment; (3) treatments
other than the treatment in question (pharmacotherapies, other non-
pharmacotherapies [including treatment available at other facilities])
and the therapeutic effect of those treatments; (4) expected results
with monitoring alone without the treatment in question (predicted
outcome and probability thereof); (5) positioning of the treatment in
question for various arrythmias and possible unexpected complica-
tions (short-term and long-term); (6) cost of the treatment (including
the cost of this treatment and other treatments); and (7) assurance
that consent can be withdrawn before and during treatment.

After the provision of the above information, if the patient re-
quests opinions from other doctors or medical institutions (second
opinion), then it is essential to respond to the request. The patient is
the main person in the decision-making process, and the right of self-
determination of the patient is the most important factor when decid-
ing on indications for non-pharmacotherapy. Basically, the consent of
the patient and/or the family is required, based on their understand-
ing of the explanation provided by the medical staff involved in test-
ing and treatment. If the patient is unable to express their intention
or is a minor, a family representative or legal representative will act
on their behalf. Ultimately, the signatures of all attendees, including
the medical staff, are obtained. Normally, 2 copies of the information
sheet are prepared. The original copy is generally kept in the patient's
medical record and another copy is given to the patient.

Physicians must be fully cognizant that informed consent is an im-
portant opportunity for the patients to compare and consider the ben-
efits and disadvantages of the treatment, and to enable selection of
treatment that is truly beneficial for them. The information must also
be specific and easy to understand for the patients and their families.

1.4 | Complications and measures

Complications with CIED implantation are due to the device itself
(generators and/or leads), or the implantation procedure. Generator
complications include malfunctions such as recalls and resets due
to electromagnetic interference. Lead complications include mal-
functions such as recalls, lead dislodgement and aging, elevated

pacing and sensing threshold,*® venous occlusion,**1°

16-18

and tricuspid
insufficiency.

Appropriate implantation techniques can reduce complications (eg,
infection, pneumothorax, lead fracture, lead insulation break, and per-
foration resulting from lead insertion technique). There are differences
in the incidence of CIED infection among facilities, which is reported
to range from 0.2% to 7%.* Expansion of the ICD and CRT-D indica-
tions has resulted in increased implantation of the devices in high-risk
patients (ie, elderly patients; patients with heart failure, renal failure, or
diabetes; and patients taking steroids and/or antithrombotic agents),
as well as an increased number of replacement operations due to long-

term survival, which increases the incidence of infection.'?%!
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It is important to remember that implantation of a CIED is essen-
tially a surgical operation; thus, it is necessary to fully understand the
cause of infection and adopt preventive measures (maintaining the
operating room environment,???% hand washing, differentiating clean
and unclean, surgical instrument disinfection and sterilization, surgi-

2425 and use of antibiotics?).

cal field disinfection, double gloving,
The Japanese Society of Chemotherapy and the Japan Society for
Surgical Infection have proposed “Practical Guidelines for Proper Use

of Antibiotics for Prevention of Postoperative Infection”,?

particularly
with respect to the use of antibiotics. As hematoma formation is also
an infection risk, intraoperative complete hemostasis is required.*’

The depth of the pocket holding the CIED unit is also import-
ant. The pocket is created directly above the fascia of the pectoralis
major muscle, not in the subcutaneous fat, to prevent compression
necrosis of the skin.?” If the subcutaneous tissue containing the sub-
cutaneous fat is thin, it is recommended to create a pocket under the
pectoralis major muscle.?’

Puncture for lead insertion can cause complications such as pneu-

mothorax,?®%’

and arterial puncture. Therefore, methods such as an-
giography before puncture®® and ultrasound-guided puncture® have
been recommended to mitigate complications. Axillary vein puncture
is prefer over subclavian vein puncture to prevent lead compression
fracture by the subclavian muscle and costoclavicular ligament.®232

Meanwhile, the incision method is recommended not only to re-
duce the aforementioned complications but also to prevent lead frac-
ture, prevent damage to the covering, and improve lead durability.®*
When inserting the lead, care should be taken to avoid perforation of
the venous wall and myocardial wall. The perforation rate is reported
to be 0.4%-0.64%,%%%° and perforation is caused by the use of hard
stylets, excessive pressure on the lead, rotation of the lead body after
lead placement, and lead traction. It is also important to understand
the characteristics of the lead tip shape (passive or active).

1.5 | Postoperative management

Before discharge, items including the wound's condition (dehiscence,
signs of infection), position of the implanted lead, pacing threshold,
and sensory potential amplitude should be checked.

As an early postoperative complication, hematoma has a rel-
atively high incidence. Patients who are taking anticoagulants or
antiplatelet drugs due to atrial fibrillation (AF), mechanical valve
replacement or arteriosclerotic disease are considered a high-risk
group, and postoperative wound observation is particularly import-
ant in these patients. Hematoma not only causes postoperative pain
but can also cause device infection at a remote phase because it
leads to incision dehiscence and compression necrosis. When he-
matoma is discovered, it is important to determine the necessity of
reoperation. If there is no discoloration of the skin surface and no
sign of skin necrosis or infection, the hematoma is almost always
reabsorbed and can be dealt with using recompression. However,
hematoma removal and hemostasis should be considered if the pain

intensifies because of hematoma distension or if wound dehiscence
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occurs. Removal of hematoma by puncture is never performed be-
cause it increases the risk of infection.

There is no fixed trend in the onset of device infection, and risk fac-
tors include diabetes, renal impairment, heart failure, steroid use, non-
use of preoperative antibiotics, postoperative hematoma and other
wound complications, dialysis, chronic obstructive pulmonary disease,
cerebrovascular disorders, external pacemaker placement, device re-
placement, and early reoperation.3>3¢ Once device infection has oc-
curred, itis necessary to remove the entire system, which poses a great
risk. Careful consideration is required before, during, and after surgery.

Chest X-ray (frontal and left lateral view) to check lead position
abnormalities and movement, and simultaneous ECG monitoring to
detect early pacing/sensing failure are also important. The intraop-
erative threshold and peak value of the intracardiac potential may
change significantly after surgery. It is necessary to check the pacing
threshold and the detected peak value of the intracardiac poten-
tial before discharge, and readjust the values as necessary. It is also
recommended to conduct optimization before discharge of patients
who underwent CRT.

Guidance on daily life after discharge should also be provided.
Electromagnetic interference can cause electrical noise, which can
trigger pacing inhibition in pacemakers and inappropriate therapy in
ICDs. A detailed list of electromagnetic interference sources has been
published by the Japan Arrhythmia Device Industry Association.%”
Household appliances can generally be used if the switch is not fre-
quently turned on and off; however, patients must be instructed to
maintain a distance of 50 cm from electromagnetic induction-heating
rice cookers and 15 cm from mobile phones. Other than home appli-
ances, use of low-frequency therapy equipment, powerful magnets,
electric baths, etc, is prohibited. Caution is needed when using electric
vehicle chargers (especially rapid chargers), wireless cards (contactless
IC cards), electronic article surveillance equipment, and electronic tags
(ie, RFID). The patient should be instructed to move away from the lo-
cation if they experience dizziness, lightheadedness, palpitations, etc.

X-ray and CT have been reported to have an effect, and medical
care may be required to prevent interference. There are conditions
to be satisfied for MRI, and patients with ICD/CRT-D are required
by law to have a restricted driver's license (see Chapter VI, 1.2.1
Driving restrictions [particularly for patients with an ICD]). The re-
cent emergence of new devices has made management more com-
plicated. There is also a concern that the degree of understanding of
device functions will decline as patients become older. It is import-
ant to provide thorough patient education using pamphlets and to
offer information on appropriate measures for possible problems.

1.6 | CIED follow-up and remote monitoring

CIED outpatient management is basically performed with device in-
terrogation using the obtained parameters. It is necessary to ascer-
tain not only the mechanical information of the device but also the
general condition of the patient using various parameters. Specific in-

formation includes: (1) battery status; (2) lead information; (3) pacing
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settings; (4) intracardiac electrogram sensing and pacing threshold;
(5) arrhythmia detection and treatment status; and (6) heart rate his-
togram and physical activity biometric information, etc The patient
guidance management fee is calculated by looking at this information.

In recent years, it has become possible to perform remote mon-
itoring in most CIEDs. Remote monitoring has been shown to be
as safe as conventional face-to-face examinations, and to enable

the earlier diagnosis of arrhythmia and lead/device failures.3®!

Furthermore, shortened hospital stays,“z'43

4445

and improved life prog-
nosis have also been reporte

Therefore, remote monitoring for patients with CIEDs is highly
useful, and it is recommended to introduce it as a standard manage-
ment method; however, there are concerns about increased work-
load for hospital staff. There has been an increase in the number of
patients implanted with CIEDs and in the aging population; there-
fore, efficiently providing outpatient services to patients with CIEDs
is required. Doctors, clinical engineers, and nurses need to share
roles and create hospital workflow as a team.

Table 5 is a proposed recommendation for CIED outpatient man-
agement and remote monitoring in Japan, referencing the consensus
report on remote monitoring of patients with CIEDs, published by
the HRS.

1.7 | MRI-conditional CIEDs

MRI-conditional pacemakers were first used in Japan in October
2012. Later, the same function was installed in ICDs and CRT-Ds.
Initially, only 1.5-Tesla (T) was compatible, but recently a
3.0-T-compatible CIED has come on the market. Although the ap-
pearance of MRI-compatible CIEDs has provided benefits to pa-
tients, it has also created confusion in medical practice owing to
the concurrent use of conventional non-MRI-compatible CIEDs and
the different imaging conditions depending on the manufacturer.
Even with MRI-compatible models, imaging is possible only when
certain conditions are met on both the patient side and the device
side. For the patient side, the conditions are that >6 weeks should
have passed since implantation; both the lead and the generator are

MRI-compatible; and there are no disconnected or residual leads

COR LOE

It is recommended that all patients with CIEDs
should visit the outpatient clinic annually and be
interrogated with programmer

It is recommended to offer remote CIED
monitoring and interrogation according to the
workflow organized by the staff in each hospital

Remote monitoring should be considered to all
patients with CIEDs as part of the standard
follow-up management strategy

implanted in the chest. The conditions on the device side are that
there should be sufficient remaining battery power, and the lead re-
sistance value and threshold value should be within the fixed ranges.

MRI can be performed only in facilities that meet the following

criteria.

1. Advocates radiology and cardiovascular medicine or cardiovas-
cular surgery.

2. Allows the test to be performed under the conditions described in
the instruction manual for MRI-conditional CIEDs.

3. Appoints an MRl specialist or equivalent personnel to manage the
precision and safety of the MRI equipment.

4. Has specialists with sufficient medical experience with CIEDs and
able to manage the equipment.

5. Has specialists and staff who have completed the prescribed
training supervised by the relevant academic society and held by
the marketing authorization holder with respect to appropriate

and safe use of the equipment.

Accredited facilities can be confirmed on the MRI examination
information website*® for patients with arrhythmia devices.

The expected events when MRI is performed for patients with
non-MRI-compatible CIEDs include: (1) increased threshold owing
to heating of the lead tip and myocardial damage, (2) unnecessary
myocardial stimulation,*” (3) improper pacing inhibition, (4) change
of the setting mode, (5) battery consumption, and (6) integrated cir-
cuit (IC) damage.

MRI for non-MRI-conditional CIEDs is currently contraindicated
in Japan; however, reports have shown that there are few adverse
effects when imaging is performed with 1.5-T MRI, providing that
imaging is mainly of sites other than the chest.*8%’

Even in patients with non-MRI-compatible CIEDs, if the need for
imaging is very high and the benefits to be gained are considered to
clearly outweigh the risks, it is recommended to prepare for imaging
by providing sufficient explanation to the patient and consulting with
radiologists about countermeasures in the event of complications.

MR is not a 100% safe examination.’®>? It should be ensured
that unnecessary imaging is avoided. The actual procedure is de-
scribed below.

TABLE 5 Recommendations and
evidence levels for CIED follow-up and
remote monitoring

GOR LOE
(MINDS)

(MINDS)

Abbreviations: CIED, cardiac implantable electronic device; COR, class of recommendation; GOR,

grade of recommendation; LOE, level of evidence.
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TABLE 6 Recommendations and
evidence levels for MRI of patients with
MRI-conditional CIEDs

MRI should be considered only in patients lla C
implanted with MRI-conditional devices according
to the determined procedures in consideration of
minimum necessary requirement
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GOR LOE
(MINDS)

COR LOE (MINDS)

\Y

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence;
MRI, magnetic resonance imaging.

1. Check for MRI-compatible CIEDs.

For this purpose, the CIED notebook, MRI-conditional card,
or programmer should be used, or the manufacturing model
should be confirmed on a radiograph.

2. MRI model and imaging conditions.

The required conditions include that the MRI equipment must
be a 1.5- or 3.0-T cylindrical bore (tunnel MRI) system, and
the maximum gradient slew rate must be <200 T/m/s. There
are other detailed restrictions depending on the manufacturer
or imaging location. When new devices are released in the
future, the details should be confirmed on the website of each
manufacturer or on the MRI examination information website
for patients with arrhythmia devices.*

3. Check lead resistance, pacing threshold, and sensing threshold.
The pacing threshold should be <2.0-2.5 V/0.4 ms, and there
should be no diaphragm stimulation at 5.0 V.

4. Check the imaging mode (self-pulse).

If there is no self-pulse, the VOO or DOO mode should be set.
If there is a self-pulse, pacing should be set to off. Tachycardia
therapy for ICD and CRT-D should be turned off.

5. View the monitor during imaging.

During imaging, the heart rate must be continuously monitored
using a pulse oximeter or an ECG monitor.

6. Prepare for unexpected situations.

It should be ensured that the room is equipped with an elec-

trical defibrillator to be used in an emergency, if necessary.

A hospital manual for handling unexpected situations should

be established.

In addition, it should be kept in mind that the threshold and
lead resistance need to be re-measured after imaging and the mode
needs to be returned to the original setting.

Recommendations are shown in Table 6.

2 | Electrophysiological studies
Introduction

Since the recording of the His bundle electrogram by Scherlag et al in
1969, cardiac electrophysiology studies, including atrial and ventric-
ular potential recording, electrical stimulation, and drug loading have
become widespread. Electrophysiology studies play an auxiliary role
in the diagnosis and treatment of conditions such as bradyarrhyth-

mia, tachyarrhythmia, and syncope.

Bradyarrhythmia is mainly diagnosed using non-invasive tests
such as standard 12-lead ECG, Holter ECG, and exercise ECG,
but cardiac electrophysiology studies are performed for auxiliary
purposes.

The role of cardiac electrophysiology studies in tachyar-
rhythmia has significantly changed with the development of non-
pharmacotherapy. Currently, cardiac electrophysiology studies
are generally performed at the same time as catheter ablation
for the treatment of tachycardia, and are used to identify abla-
tion sites. Because the prognosis of fatal ventricular arrhythmias
has been clearly improved by implantation of ICDs, induction of
VT/VF during cardiac electrophysiology studies is sometimes per-
formed to stratify the risk for sudden death, and primary preven-
tion for ICDs.

The mechanism of syncope can now be elucidated with a rela-
tively high degree of specificity by recording the ECG over a long
period (21 week), as well as with the development of portable and
implantable ECG, and the widespread use of head-up tilt-table tests.
Cardiac electrophysiology assists these tests and is useful for exam-
ining the relationship between induced arrhythmias and subjective

symptoms (syncope, dizziness, palpitations, etc).

2.1 | Bradyarrhythmia

Sinus node function is assessed using methods of recording the
sinus node recovery time, sinoatrial conduction time, sinus node po-
tential, etc.>?°° In patients with atrioventricular block or ventricular
conduction disorder, the His bundle-ventricle (H-V) time is meas-
ured, the appearance of the block is confirmed with high-frequency
atrial stimulation, and the relationship with subjective symptoms is
examined.’®8 In patients with syncope, the presence of a bundle
block or bi- to trifascicular -blocks on resting ECG suggests that the
symptoms are caused by paroxysmal atrioventricular block; thus,
atrioventricular conduction is assessed with cardiac electrophysiol-
ogy studies.>”%® However, in patients with fainting symptoms who
do not have any abnormal findings on ECG or echocardiography,
and who are considered unlikely to have cardiogenic cause, cardiac
electrophysiology has little signiﬁcance."’o'63 As the usefulness of
cardiac electrophysiology is low in reflex syncope, such as carotid
sinus syndrome and vasovagal syncope, tests such as the carotid
sinus massage test and head-up tilt-table test are prioritized.®* %

Preoperative assessment of sinus node function and atrioventric-

ular conduction in patients with pacemaker indications is considered
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useful for selecting the pacemaker model.>” However, recent pace-
makers are equipped with functions that prioritize sinus rhythm and
atrioventricular conduction, enabling real-time optimization based
on the dynamic condition after implantation. Therefore, cardiac
electrophysiology has limited significance for model selection.>

Although there is no active indication for drug stress test in
cardiac electrophysiology for bradyarrhythmia, the test may be
performed if the symptoms produced by cardiac electrophysiology
studies do not match the subjective symptoms. Class la (procain-
amide or disopyramide) and Class IV (verapamil) drugs are intra-
venously administered to evaluate the function of the sinus node,
atrioventricular node, and His-Purkinje system.®*%°

The causes of sinus dysfunction include (1) intrinsic causes, (2)
autonomic dysfunction, and (3) drug-induced causes, and diagnosing
these conditions is important for selecting the optimal treatment.
Pharmacological autonomic nerve blockade should be performed to
exclude the effect of the autonomic nervous system, and 0.04 mg/
kg atropine sulfate and 0.2 mg/kg propranolol should be intrave-
nously administered for evaluation.® If the drugs seem to affect the
cause of bradycardia, evaluation should be performed after discon-
tinuing the drug administration and the relationship with the subjec-

tive symptoms should be reevaluated.

2.2 | Tachyarrhythmia

Symptomatic tachyarrhythmias that are not cardiogenic, such as
cases associated with hyperthyroidism and anemia, may be sub-
jected to cardiac electrophysiology studies. When tachycardia can
be induced with programmed electrical stimulation in persistent

narrow QRS (<120 ms) tachycardia,®¢®

and in wide QRS tachycar-
dia, including VT,%7° the mechanism is highly likely to be reentrant
tachycardia, and it may be possible to perform mapping of the tachy-
cardia and to identify the arrhythmia substrate with stimulation.”*
An accurate diagnosis of tachycardia increases the possibility of a
cure with catheter ablation.®®’? Wolff-Parkinson-White (WPW)
syndrome with syncope and dizziness (12-lead ECG with delta waves
at rest) can result in sudden death. High-risk groups are identified by
inducing tachycardia and measuring the refractory period of the ac-

cessory pathway.”>74

and cure is attempted with one-stage catheter
ablation. Cardiac electrophysiology studies are planned for patients
with unexplained syncope or dizziness suspected to be caused by
tachycardia, relying on a diagnosis of an underlying heart disease
(see Chapter Ill, “2. Electrophysiological study” for information on
cardiac electrophysiology in catheter ablation).

Evaluation of the efficacy of antiarrhythmic drugs using pro-
grammed electrical stimulation is called electrophysiology-guided
therapy.”>”® However, in the ESVEM (Electrophysiologic Study Versus
Electrocardiographic Monitoring) trial, there was no difference in the
efficacy assessment using cardiac electrophysiology-guided therapy
and Holter ECG.”?8% Moreover, electrophysiology-guided therapy is
not essential for evaluating the effect of amiodarone.””® In addi-

tion, subsequently published large-scale clinical trials, such as AVID

(Antiarrhythmics Versus Implantable Defibrillators),®* showed the su-
perior effect of ICD compared with antiarrhythmic drug treatment.
Electrophysiology-guided therapy has little significance at the present
time when an ICD is the first-line treatment for sustained VT and VF.

Patients in whom electrophysiology studies should be considered
to assess the risk of sudden cardiac death include the following: (1)
those who received cardiopulmonary resuscitation and in whom ar-
rhythmia cannot be ruled out as the cause; (2) those with structural
heart disease and an unexplained syncope attack or non-sustained
VT (NSVT); (3) those with NSVT due to underlying heart disease and
positive ventricular late potential on signal-averaged ECG; (4) those
with asymptomatic WPW syndrome (12-lead ECG with delta wave
at rest) and a high-risk occupation; and (5) those with asymptomatic
Brugada syndrome with other considerations, such as spontaneous
type 1 ECG and unexplained syncope or spontaneous type 1 ECG
with clinical history, family history, other abnormal ECG findings, ge-
netic mutations, etc.

Electrophysiological risk assessment of sudden death is based on
the possibility of inducing a lethal arrhythmia; however, it is not al-
ways easy to identify high-risk patients. Cases are comprehensively
determined using evaluation based on findings from Holter ECG, ex-
ercise test, signal-averaged ECG, and T-wave alternans tests.

Sudden death is highly likely to be caused by VT or VF, and risk as-
sessment has been conventionally performed using electrophysiology-
guided studies. Risk assessment with electrophysiology studies is
useful when NSVT is recorded or the signal-averaged ECG is posi-
tive in patients with reduced left ventricular ejection fraction (LVEF)
(<40%) due to ischemic heart disease and heart failure of New York
Heart Association (NYHA) class Il or higher.85'88

Extrastimuli are mainly used to induce ventricular arrhyth-
mia (programmed electrical stimulation) when reentry is the
mechanism of tachycardia, usually with 2 different basic cycle
lengths from 2 different locations in the right ventricle. When a
physician places high priority on specificity, extrastimuli are ap-
plied up to 2-3 times in succession, and the coupling interval is
evaluated at 2180 ms Isoproterenol loading is added as needed.
The diagnostic specificity falls with 24 successive extrastimuli or
short-coupled stimuli.®? When non-ischemic heart disease is the
underlying disease, the diagnosis is less reliable than with underly-
ing ischemic heart disease.”®

For patients with asymptomatic WPW syndrome (12-lead ECG
with delta wave at rest) and a high-risk occupation, it is desirable to
treat the condition with catheter ablation.”*

Electrophysiological study for risk stratification in asymptomatic
cases of Brugada syndrome is still controversial?> because there are
several inconsistent results for the induction of VT/VF.*1%7 Even
among the reports indicating a positive significance of VT/VF in-
duction, some emphasize induction with up to 2 extrastimuli.1°%:192

The clinical significance of induced arrhythmia depends on the
underlying heart disease, type of arrhythmia, and induction proto-
col. Electrophysiology studies are considered less useful in patients
with frequent premature ventricular contraction (PVCs) without

structural heart disease.
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3 | Pacemakers
Introduction

Since being put into practical use in the 1960s, there has been
rapid progress in both the hardware and software of implantable
pacemakers, and they are now able to reproduce physiological
heartbeats. Models compatible with MRI,*°® which was previously

9 such

contraindicated with pacemakers, and new category models,
as leadless pacemakers, have also emerged. Permanent pacemaker
implantation is the only established treatment for bradyarrhythmia,
contributing to improved survival and QOL. However, ethical and
economic problems due to excessive expansion of indications are
currently being pointed out. More strict guidelines for pacemaker
implantation are needed to cope with this situation. In 2011, the
Japanese Circulation Society took the lead in revising its guidelines
for non-pharmacotherapy for arrhythmia. There is no change in the
severity of symptoms and patient background in terms of medical
indications; however, the current revisions to the guideline have
been made considering recent technological advances.

(Refer to other guidelines for artificial pacing indications for atrio-

ventricular block associated with acute myocardial infarction.!*?)

3.1 | Atrioventricular block

The treatment indications are determined according to the lo-
cation, severity, and symptoms of the atrioventricular block

(AVB).%8111118 The most important factor is the presence of
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symptoms caused by bradycardia associated with AVB. Therefore,
treatment is not indicated for asymptomatic 1st-degree AVB.
Pacemaker therapy is also indicated for high-grade or 3rd-degree
AVB caused by indispensable drugs or surgery,!** which is irre-
versible after ablation or the patient has marked bradycardia or
prolonged cardiac arrest,!'® irrespective of the location. It is diffi-
cult to assign specific values to the severity of bradycardia or car-
diac arrest in these cases; however, as proposed in the 2013 AHA/
ACC Guidelines,'¢ ventricular rate <40 beats/min and ventricular
arrest >3 s are used as reference values.'”1*® The recommenda-

tions are shown in Table 7.111128

3.2 | Bifascicular and trifascicular block

In determining the indication for implantation, it is important
to determine the danger of causing high-grade atrioventricular
block,*?4125 and to evaluate the His-Purkinje system conduction
function with electrophysiology studies.*?**?” The reference find-
ings for abnormal conduction below the bundle of His are as follows:
(1) marked prolongation of the H-V interval (>100 ms), (2) induction
of a block within or below the bundle of His with atrial pacing (<150
beats/min), and (3) induction of a block within or below the bundle
of His with intravenous Class la antiarrhythmic drugs. A rare phe-
notype of trifascicular block can present as an alternating bundle
branch block with alternating right branch and left branch blocks.
This phenomenon is seen because of a similar level of conduction
disturbance in both branches; however, because the possibility that

this condition will progress to complete atrioventricular block is very

TABLE 7 Recommendations and evidence levels for pacemaker indication for atrioventricular block

Permanent pacemaker implantation is recommended for 2nd-degree, advanced, or 3rd-degree

AVB with symptoms caused by bradycardia

Permanent pacemaker implantation is recommended for patients with advanced or 3rd-degree

AVB with any of following conditions:

1. Medical conditions requiring drug therapy that causes symptomatic bradycardia
2. Postoperative AVB that is not expected to resolve after cardiac surgery

3. After catheter ablation of the AV junction
4. Progressive neuromuscular diseases with AVB
5. Obvious bradycardia or long ventricular pause while awake

Permanent pacemaker implantation is reasonable for patients with asymptomatic 3rd-degree AVB lla C

Permanent pacemaker implantation should be considered for patients with asymptomatic 2nd- lla C

degree or advanced AVB and with any of following conditions:
1. Intra- or infra-His levels found on electrophysiological studies
2. Progressive cardiomegaly due to persistent bradycardia

3. Deterioration of AV conduction by exercise or atropine sulfate infusion

Permanent pacemaker implantation should be considered for patients with 1st-degree AVB lla C
and symptoms probably due to bradycardia, if intra-His or infra-His block is provoked by

electrophysiological studies

Permanent pacemaker implantation may be considered for patients with 1st-degree AVB and Ilb C
heart failure in whom adjustment of optimal atrioventricular delay is expected to improve

hemodynamic conditions

GOR LOE
(MINDS)

COR LOE (MINDS)

@ B Vv

Vv

Abbreviations: AV, atrioventricular; AVB, atrioventricular block; COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.
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high, it is an indication for implantation.'?® The recommendations
are shown in Table 8.

3.3 | Sick sinus syndrome

Although pacemaker implantation is not indicated for asymptomatic
sinus bradycardia, syncope may result in injuries such as fractures. It
is important to ascertain the symptoms that occur because of brady-
cardia, sinoatrial block, sinus arrest, or impaired heart rate response
during exercise due to a decline in the primary function of the sinus
node (syncope, convulsions, blacking out, dizziness, shortness of
breath, fatigue, heart failure, etc).*%12%129135 primary sinus node
dysfunction is associated with essential reduction in sinus node
function. Secondary sinus node dysfunction involves no abnormality
in the sinus node itself. Rather, it is defined as a decline in sinus func-
tion from causes other than sinus node abnormalities, such as au-
tonomic nervous system disorders, electrolyte abnormalities, and/
or thyroid function disorders. Treatment may be indicated for cases
caused by long-term administration of essential drugs, such as anti-
arrhythmic or psychotropic drugs, but not for cases that clearly have
reversible causes. Electrophysiology studies have a low sensitivity
for the assessment of sinus node function, but atrioventricular con-
duction assessment may be used to determine the pacing mode.!%¢
The recommendations are shown in Table 9.

3.4 | Atrial fibrillation (AF) with bradycardia

Pacemaker implantation is not indicated for asymptomatic AF with
bradycardia. It is important to confirm that symptoms such as syn-
cope, convulsions, blacking out, dizziness, shortness of breath, and

fatigue, as well as symptoms of heart failure, are due to bradycar-
dia or ventricular arrest.’*”138 Treatment may be indicated for cases
caused by long-term administration of essential drugs, but not for
cases that clearly have reversible causes. If the association between
bradycardia and the symptoms is unclear, the severity of bradycardia
or ventricular arrest (reference values: awake ventricular rate <40
beats/min or ventricular arrest >3 s) is considered; however, it is nec-
essary to repeatedly investigate the relevance of both factors. Some
experts believe that pacemakers are indicated for ventricular arrest

of 25 5.1% The recommendations are shown in Table 10.

3.5 | Carotid sinus hypersensitivity and
vasovagal syncope

Previous reports have indicated that pacemaker therapy for reflex
syncope (vasovagal syncope) inhibits syncope in approximately 50%
of cardioinhibitory cases.’®14% However, in double-blind studies,
the success rate was as low as 17%; thus, its effectiveness is not de-
termined.*** The recent widespread use of external or internal loop
ECGs has increased the chance of detecting the paroxysmal cardi-
oinhibitory type of syncope. Recent findings have shown that pac-
ing treatment has little effect on preventing syncope recurrence in
patients with a positive tilt test (with a hypotensive response), even
if paroxysmal cardioinhibitory syncope is detected.'*® Even when a
long cardiac pause (>3 s with symptoms or >6 s without symptoms)
is demonstrated on ECG, pacing therapy should be considered only
for patients aged 40 years and older, when other therapies (physi-
cal counterpressure maneuvers and orthostatic adjustment self-
training) are ineffective and the tilt test is negative.60 However,
reflex syncope, especially vasovagal syncope, is often of the vaso-
depressor type, and prevention is possible in most patients primarily

TABLE 8 Recommendations and evidence levels for pacemaker indication for chronic bifascicular or trifascicular block

Permanent pacemaker implantation is recommended for patients with chronic bifascicular of
trifascicular block, with documentation of 2nd-degree (Mobitz type Il), advanced, or 3rd-degree

AVB, or alternating bundle branch block

Pacemaker implantation is recommended for patients with alternate bundle branch block

Permanent pacemaker implantation is recommended for patients with chronic bifascicular of
trifascicular block which may be advanced to AVB by essential drugs for a medical condition.

Permanent pacemaker implantation is recommended for patients with syncope and chronic
bifascicular of trifascicular block combined with Wenckebach-type 2nd-degree AVB in whom

advanced AVB is suspected as cause of syncope

Permanent pacemaker implantation should be considered for patients with chronic bifascicular of

trifascicular block and with unknown cause of syncope

Permanent pacemaker implantation should be considered for patients with chronic bifascicular
of trifascicular block and with organic heart disease, if infra-His block is proved by an

electrophysiological study

Permanent pacemaker implantation may be considered for patients with chronic bifascicular
of trifascicular block without organic heart disease, if infra-His block is proved by an

electrophysiological study

GOR LOE
(MINDS)

COR LOE (MINDS)

IVa

Abbreviations: AVB, atrioventricular block; COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.
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TABLE 9 Recommendations and
evidence levels for pacemaker indication
for sick sinus syndrome

GOR LOE
COR LOE (MINDS) (MINDS)

Permanent pacemaker implantation is recommended for C A \%
patients with symptoms such as syncope, convulsions,
blacking out, dizziness, shortness of breath and easy
fatigability, or heart failure that has been confirmed to
be due to bradycardia, sinoatrial block, or sinus arrest
associated with primary sinus node dysfunction or heart
rate insufficiency during exercise, including patients
whose symptoms are caused by long-term treatment with
drug(s) that cannot be discontinued
1. Permanent pacemaker implantation should be considered Ila C B Vv
for patients with the above mentioned symptoms as well as
bradycardia and/or ventricular arrest, but the relationships
among those symptoms are unclear
2. Patients with bradycardia-tachycardia syndrome in
whom drugs for controlling tachycardia exacerbate
1b C Cc2 Vv

bradycardia

Permanent pacemaker implantation may be considered for
asymptomatic patients with sinoatrial block or sinus arrest

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.

TABLE 10 Recommendations and
evidence levels for pacemaker indication
for atrial fibrillation with bradycardia

GOR LOE
COR LOE (MINDS)

(MINDS)

© A V
© B V

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.

Permanent pacemaker implantation is recommended for
patients with symptoms such as syncope, convulsion,
blacking out, dizziness, shortness of breath and easy
fatigability, or heart failure that have been confirmed
to be due to bradycardia or ventricular arrest, including
patients whose symptoms are caused by long-term
treatment with drug(s) that cannot be discontinued

Permanent pacemaker implantation should be considered  Ila
for patients with the abovementioned symptoms as
well as bradycardia and/or ventricular arrest, but the
relationships among those symptoms are unclear

with lifestyle modifications, including physical counterpressure ma-
neuvers and orthostatic self-training.

There is currently no evidence for the long-term efficacy of pace-
maker treatment for cardioinhibitory vasovagal syncope in young
persons (<40 years old). However, in elderly patients with vasovagal
syncope, pacing therapy may be considered if spontaneous syncope
due to cardiac arrest is demonstrated by ECG and is associated with
symptoms.146

Symptom improvement can be expected with pacemaker therapy
in patients with hypersensitive carotid sinus syndrome, if it is clearly
the cardioinhibitory type.}*”%’ DDD pacemakers should be selected

to treat reflex syncope. The recommendations are shown in Table 11.

3.6 | Hypertrophic obstructive cardiomyopathy
(HOCM)

Atrial synchronous ventricular pacemaker therapy for HOCM s

widely recognized as a treatment in drug-resistant cases.!>0152

Dual-chamber (DDD) pacing was considered effective in improv-
ing symptoms caused by left ventricular outflow tract obstruc-
tion; however, a placebo effect was observed even in AAl mode,
and the superiority of DDD was not demonstrated.’>® However,
its effectiveness has been reported in long-term follow-up studies,
and there are also reports on efficacy of implantation techniques
and post-implantation optimization, as well as on the combined ef-
fects with pharmacotherapy.““'158 Therefore, pacemakers or ICDs
should be considered an option for patients with drug-resistant
symptomatic HOCM. Assessment of pressure gradient reduction
with preoperative atrioventricular pacing can help determine the

treatment indications. The recommendations are shown in Table 12.
3.7 | Leadless pacemakers
Many complications of transvenous pacemakers are related to the

leads and subcutaneous pockets, and the incidence of complications

has been reported to be 8% and 11%, respectively, at 5 years after
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COR

LOE

Dual-chamber cardiac pacing is reasonable for IE]
patients with carotid sinus syndrome that is

cardioinhibitory or mixed type

Dual-chamber cardiac pacing may be considered
in a select population of patients aged 40 years
or older with recurrent vasovagal syncope
and prolonged spontaneous pauses (>3 s with
symptoms, >6 s without symptoms) when
other therapies have failed

Cardiac pacing may be considered in patients
with vasodepressor-type carotid sinus
syndrome and with recurrent syncopal attacks

Pacemaker therapy is potentially harmful in a
select population of patients aged 40 years
or younger with recurrent vasovagal syncope,
and in patients aged 40 years or older without
documentation of spontaneous pauses or a
positive head-up tilt test

TABLE 11 Recommendations and

GOR LOE evidence levels for pacemaker indication
(MINDS) (MINDS) L. P
for carotid sinus syndrome/vasovagal
1l syncope
I}
I}
IVb

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.

COR

LOE

Permanent pacemaker implantation is recommended
for patients with significant left ventricular outflow
pressure gradient that causes symptoms, combined
with other conditions (eg, sinus node dysfunction
or AVB) that require cardiac pacing (including drug-
induced bradycardia)

Permanent pacemaker implantation should be
considered for patients with significant left ventricular
outflow pressure gradient associated with QOL
deterioration, in whom drug therapy is refractory or
intolerable, or other therapies are inappropriate

TABLE 12 Recommendations and

GOR LOE evidence levels for pacemaker indication
(MINDS)  (MINDS) for HOCM
A IVa

IVa

Abbreviations: AVB, atrioventricular block; COR, class of recommendation; GOR, grade of
recommendation; HOCM, hypertrophic obstructive cardiomyopathy; LOE, level of evidence; QOL,

quality of life.

implantation.29 Leadless pacemakers were developed to overcome
this problem.

As of May 2018, the leadless pacemakers approved in Japan are
fixed to the myocardium with tines made of shape-memory alloy.
A sheath is inserted from the femoral vein, and a delivery catheter
equipped with a leadless pacemaker is inserted into the right ventricle
to position the pacemaker in place. The placement is completed once
itis confirmed that at least 2 of the 4 tines of the generator are fixed to
the myocardium. The battery life is 12 years, and it has both arate re-
sponse function and a capture management function. It is compatible
with 1.5- and 3-Tesla MRI,**? as well as remote monitoring systems.
Theoretically, it is possible to implant up to 3 units in the heart.1¢°

The safety and efficacy of leadless pacemakers were exam-
ined in a multicenter prospective study.’®* A total of 725 patients
underwent device implantation in 19 countries, including Japan,
and 719 cases were successful. Major complications (death, per-

manent loss of device function, hospitalization, prolonged hospital

stay 248 hours, system replacement) were avoided in 96% of the
patients at the 6-month follow-up. This result was significantly
better than that with a normal pacemaker (hazard ratio [HR] 0.49).
Efficacy was confirmed for 98.3% of cases (threshold at implanta-
tion was <2 V at a pulse width of 0.24 ms, and there was no increase
in pacing threshold exceeding 1.5 V during the 6-month follow-up).
Furthermore, it was shown that both safety (HR 0.52) and efficacy
were good even after 1 year.’®2 The rate of complications was 4%,
that of inguinal (femoral) access-related complications was 0.7%,
and that of pericardial effusion was 4%. It has been reported that
leadless pacemakers are equally safe and effective in Japan.'® In
post-marketing surveillance, the incidence of major complications
decreased to 1.56%, that of access-related complications decreased
to 0.59%, and that of pericardial effusion decreased to 0.37%.1%*
The Japanese Heart Rhythm Society has issued a statement
about the standards, including usage conditions, for leadless pace-
makers.” In the 2008 AHA/ACC/HRS guidelines,'®® patients eligible
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for VVI pacing have class | and Il pacemaker indications. However,
because Japanese people are small-framed and there are many el-
derly patients in Japan, it is necessary to take sufficient care not only
with the procedure but also when determining the indications for

implantation.

3.8 | Bundle of his pacing

Right ventricular pacing induces left ventricular asynchronous con-
traction due to iatrogenic left branch block pattern, which may lead
to systolic dysfunction.l‘l’é'167 A small number of randomized con-
trolled trials (RCTs), a relatively large number of prospective enroll-
ment trials, and meta-analyses of those trials have reported that
selecting the bundle of His as an alternative pacing site maintains
normal intraventricular conduction and reduces the adverse effects
of right ventricular pacing. 117 It has been indicated that bundle
of His pacing is effective as an option when biventricular pacing is
unsuccessful or impossible.}””

However, problems with this treatment include unsuccessful im-
plantation, high pacing threshold, low amplitude of ventricular elec-
trograms, atrial wave oversensing, and induction of atrioventricular
conduction disturbance.r’”’® Therefore, it is necessary to accumu-
late more evidence and develop equipment that can perform bundle
of His pacing effectively and safely.

4 | Implantable cardioverter-defibrillators (ICDs)
Introduction

ICD implantation is one of the most effective and well-established
treatments to prevent sudden cardiac death from fatal tachyar-
rhythmia and to improve prognosis, regardless of the type of heart
disease. ICDs began to be covered by insurance in Japan in 1996;

however, since then, advances in electronics have resulted in the ICD
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FIGURE 2 Transition in the number of

implanted cardioverter-defibrillators (ICD)
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generator becoming smaller, lighter, and multifunctional. Further, re-
mote monitoring systems have been developed, making postopera-
tive management easier. As a result, the number of implantations is
increasing (Figure 2). S-ICDs and WCDs have also been developed
since the last guideline revision in 2011.

Many of the clinical trials on ICD indications have been con-
ducted overseas.*>¥? Those guidelines have comprehensively
formulated recommendation classes that consider aspects that are
difficult to apply to the actual situation in Japan (Figure 3),Y? owing
to the different patient background characteristics. Nevertheless,
patients have complex backgrounds and not all patients meet the
described indications. The final judgment should be made consid-
ering the relationship between treatment and the clinical and so-
cial background (age, dementia, frailty), mean life expectancy, and
predictive probability of arrhythmia death in individual patients.
Therefore, treatment strategies determined on the basis of adequate
communication between the attending physician and the patient or
the patient's family should take precedence over the recommenda-
tions in this guideline.

Evaluation of cardiac function is very important for ICD indication,
and many assessments depend on the left ventricular ejection fraction
(LVEF). However, the numeric value depends on the inspection method
and there is no golden rule. It is also necessary to take account of LVEF
variations caused by both progression of disease and treatment.

Secondary prevention is indicated for patients with a history of
cardiopulmonary arrest, sustained VT, and VF, and primary preven-
tion is indicated for patients with NSVT only, those who have syn-
cope without ECG records, and those without ECG records but are
at a high risk of sudden death or arrhythmia death.

The ICD indications described in this section are applicable to pa-
tients with some type of structural heart disease or a primary electri-
cal abnormality, such as Brugada syndrome or idiopathic VF. An ICD is
not indicated for pathological conditions that are not associated with
structural heart disease, such as idiopathic VT, because these have a
very low risk of sudden death and a high possibility of being cured by
catheter ablation (class of recommendation Il for ICD).

"t _eenill]

and cardiac resynchronization therapies
(CRT-P/CRT-D) in Japan

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Year
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FIGURE 3 Distribution of underlying heart disease in ICD primary and secondary prevention cases in Japan. (From Shimizu et al, 201

Brugada 7% ——

LQT 2%
IVF 9% 1

IHD 38%

DCM 18%

2ndCM 7%

2179

with permission.) ARVC, arrhythmogenic right ventricular cardiomyopathy; Brugada, Brugada syndrome; CHD, congenital heart disease; DCM,
dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; HHD, hypertensive heart disease; IHD, ischemic heart disease; IVF, idiopathic
ventricular fibrillation; LQT, long QT syndrome; Misc., miscellaneous 2ndCM, secondary cardiomyopathy; VHD, valvular heart disease

4.1 | Secondary prevention for patients with
underlying heart disease

4.1.1 | Sustained VT and VF with coronary artery disease
Coronary artery disease (CAD) as addressed in this section refers
to conditions other than those caused by the acute phase (within
48 hours) of acute coronary syndrome. The details of conditions
with coronary spasm are described later.

In AVID,%* CASH (Cardiac Arrest Study Hamburg),180 and CIDS
(Canadian Implantable Defibrillator Study),*®* 70%-80% of patients
had CAD. ICD clearly has a high secondary prevention effect on
fatal arrhythmias associated with CAD.84180.181 The mean LVEF of
patients in those trials was 32%-45%, and a higher effect can be
particularly expected in patients with LVEF <35%. In Nippon Storm,
a prospective observational study after ICD implantation in Japan
(including 38% CAD cases and 27% idiopathic dilated cardiomyop-
athy cases), secondary prevention implantation was a risk factor for
severe electrical storms (hazard ratio 2.698). Thus, ICD implantation
is important for secondary prevention.'8?

Catheter ablation to eliminate VT is more preferably attempted
in patients with CAD than in those with non-ischemic cardiomyop-
athy, because a dense scar creating a reentrant circuit tends to exist
on the endocardial surface especially in monomorphic sustained
VT183187 However, ablation does not remove all arrhythmic sub-
strates; thus, ICD indication should be considered even if the abla-
tion procedure is deemed successful. 183188
Patients with an old myocardial infarction are considered

to have ventricular arrhythmia substrates chronically, and a

therapeutic strategy from a long-term perspective is needed for
these patients. Further, given that active myocardial ischemia
modifies the arrhythmia substrate and leads to higher arrhythmo-
genicity, it is important to relieve ischemia with coronary revascu-
larization.'®? Sustained VT and VF that appear in the acute phase
of acute coronary syndrome (within 48 hours of onset) are unlikely
to recur, owing to the relief of ischemia and the subsequent stabi-
lization of the arrhythmia substrate, and are therefore not neces-
sarily indicated for ICD.*7°

Conversely, sustained VT and VF that appear 48 hours after
the onset of myocardial infarction, even at an early stage of onset,
have a risk for later recurrence.!? The indications for ICD should
be considered according to the extent of cardiac function, presence
of residual ischemia, and presence of reversible factors such as
electrolyte abnormalities. However, patients registered in a large-
scale clinical trial showing the effectiveness of ICD for myocardial
infarction demonstrated the development of sustained VT and VF at
3-5 days after myocardial infarction. Therefore, the effectiveness of
ICD in patients who develop symptoms earlier has not been proven.
In addition, meta-analysis of the AVID, CASH, and CIDS studies
found no difference in the prognosis between the ICD group and the
amiodarone group in patients with LVEF >35%, and ICD was judged
to be highly useful in patients with reduced cardiac function.'8

Although the prognosis of vasospastic angina is generally good, it
is also known to cause acute myocardial infarction and sudden death.
Although correction of lifestyle habits (eg, smoking cessation and use of
calcium-channel blockers and nitrates) is effective, some reports indi-

cate that patients who are resistant to these medical treatments or who
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have a history of out-of-hospital cardiac arrest may have a poor progno-
sis.1” Although both the effects and limitations of ICD treatment have
been reported,'?? it is considered appropriate to classify this treatment
as class lla for patients with a history of VT/VF, including out-of-hospital
cardiopulmonary arrest, if they are resistant to medical treatment,
and as class llb even if medical treatment is effective (Table 13,
Figure 4). WCD should also be considered during the acute phase in

patients who have had an out-of-hospital cardiopulmonary arrest.*”

4.1.2 | Sustained VT and VF with non-ischemic cardiomyopathy
In previous prospective clinical trials, ICD implantation provided a
greater improvement of life prognosis than antiarrhythmic drugs,
and the effect was considered equivalent to that in patients with
coronary artery disease 84180181

However, in the countries where the clinical trials were con-
ducted, the prevalence of sustained VT and VF with the underly-

ing disease of non-ischemic cardiomyopathy is lower than that in

Sowmnal of Ctilytlmia

coronary artery disease, and statistical improvement of life progno-
sis with an ICD was not proven.

The results of a meta-analysis of 256 cases of nonischemic car-
diomyopathy in the CIDS and AVID studies were reported in 2004.
Although ICD implantation improved mortality by 31%, there was no
significant difference (P=0.22).}"* These results are considered to be
related to the small number of cases. Conversely, in Nippon Storm, a
prospective observational study after ICD implantation in Japan (in-
cluding 38% coronary artery disease cases and 27% idiopathic dilated
cardiomyopathy cases), secondary prevention implantation was a risk
factor for severe electrical storms (HR 2.698).182 Therefore, ICD is
effective for the secondary prevention of non-ischemic cardiomyop-
athy. WCD should also be considered during the acute phase for the
treatment of coexisting heart failure.?>

In catheter ablation for sustained VT associated with non-ischemic
cardiomyopathy, the arrhythmia substrates are more often present in

the deep layers of the myocardium or on the epicardial side than in

TABLE 13 Recommendations and evidence Levels for ICD for sustained VT/VF patients with coronary artery disease

ICD is recommended for patients with prior Ml with either a history of VF or OHA requiring electrical
shock, not due to reversible causes (eg, treatable ischemia or electrolyte abnormality)

ICD is recommended for patients with prior Ml or sustained VT not due to reversible causes (eg,
treatable ischemia or electrolyte abnormality) under the following conditions:

1. LVEF <35%
. Syncope during VT

. Polymorphic VT

u b wN

unknown, and/or catheter ablation is ineffective or impossible

ICD should be considered for patients with sustained VT not induced after catheter ablation

ICD implantation should be considered for patients with sustained VT responsive to antiarrhythmic drugs

. BP <80 mmHg and/or symptoms of brain ischemia and/or chest pain during VT

. Hemodynamically stable, sustained VT but refractory to medication or the efficacy of medication is

GOR LOE
(MINDS)

COR LOE (MINDS)

ICD should be considered for patients with a history of VF, sustained VT, or OHA due to coronary IVa
artery spasm in whom medical therapy is ineffective or not tolerated

ICD may be considered for patients with a history of VF, sustained VT, or OHA due to coronary artery IVa
spasm in whom medical therapy is effective

ICD may be considered for patients with VT/VF due to reversible acute causes (eg, acute ischemia IVa
within 48 h, except coronary artery spasm, electrolyte abnormality, or drugs), but whose possibility of
re-exposure to the same conditions is high

ICD is not recommended for patients with body function restriction due to chronic disease Vi

ICD is not recommended with a predicted life expectancy <12 months C Cc2 \

ICD is not recommended without consent or cooperation for ICD therapy because of a psychiatric C Cc2 \|
disorder or other reasons

ICD is not recommended with VT/VF due to reversible acute causes (eg, acute ischemia, except C Cc2 \/|
coronary artery spasm, electrolyte abnormality, or drugs), and in whom VT/VF will be prevented after
removal of those causes

ICD is not recommended with a repeat episode of VT/VF refractory or unresponsive to antiarrhythmic C Cc2 \|
drugs and/or catheter ablation

ICD is not recommended with NYHA class IV with medication-refractory HF who are also not C Cc2 \|

candidates for cardiac transplantation, CRT, or LVAD insertion

Abbreviations: BP, blood pressure; CIED, cardiac implantable electronic device; COR, class of recommendation; CRT, cardiac resynchronization
therapy; GOR, grade of recommendation; HF, heart failure; ICD, implantable cardioverter-defibrillator; LOE, level of evidence; LVAD, left ventricular
assist device; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; OHA, out-of-hospital cardiac
arrest; QOL, quality of life; VF, ventricular fibrillation; VT, ventricular tachycardia.
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[ Coronary artery disease ]

Secondary prevention

Yes History of VF and/or sust-VT No
or
OHA required electrical shock

Primary prevention

‘ Vasospastic angina ‘ ‘ =48 hrs after onset of AMI ‘

||

Drug refractory
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and
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Drug efficacy : refractory or unknown
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FIGURE 4

Yes

Class lla

Class Il indication not mentioned

ICD indications for coronary artery disease. AMI, acute myocardial infarction; BP, blood pressure; CA, catheter ablation; EPS,

electrophysiological study; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association class; OHA, out-of-hospital cardiac
arrest; Sust-VT, sustained VT; VF, ventricular fibrillation; VT, ventricular tachycardia

[Correction added on 22 June, after first online publication: Under 'Primary prevention',

with 240 days after onset of AMI or ...]

coronary artery disease, and the success rate of this treatment is not
high.}”® Not all arrhythmia substrates are removed by catheter abla-
tion; however, considering that the disease is progressive, ICD should
be actively indicated even if catheter ablation is judged successful.

The recommendations are shown in Table 14 and Figure 5.

4.2 | Primary prevention in patients with underlying
heart disease

Numerous previous reports have demonstrated the usefulness of
ICDs in patients with low cardiac function or heart failure (HF) who
have underlying heart disease. Nevertheless, individual conditions,
such as comorbidities, should be fully evaluated for ICD indication.
The usefulness of ICDs has not been established in patients with
severe HF (such as heart transplantation, CRT, and NYHA class IV

248 days after onset of AMI or ... has been replaced

drug-resistant severe congestive HF) not indicated for left ventricu-
lar assist device (LVAD). Therefore, ICD implantation is not indicated

for these conditions (class of recommendation IIl) (Table 14).

4.2.1 | Primary prevention for patients with coronary artery
disease

MADIT-1 (Multicenter Automatic Defibrillator Implantation Trial 1)
was a clinical trial in patients with Q-wave myocardial infarction (Ml),
non-sustained VT (NSVT), and LVEF <35% for which procainamide
was ineffective for induced sustained VT/VF based on electrophysi-
ology studies.'”” ICD reduced mortality by 54% compared with con-
ventional pharmacotherapy. MADIT-Il removed NSVT and induction
with electrophysiology methods as inclusion criteria, and instead
examined patients with reduced cardiac function (LVEF <30%).178
The study found a significant decrease in mortality as a result of ICD

implantation (31%) over a mean observation period of 20 months.
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TABLE 14 Recommendations and evidence levels for ICD for sustained VT/VF patients with non-ischemic cardiomyopathy

ICD is recommended for patients with VF or OHA requiring electrical shock, not due to reversible
causes (eg, electrolyte abnormality)

ICD is recommended for patients with sustained VT not due to reversible causes, such as
electrolyte abnormality, under the following conditions:
1. Syncope during VT
2. BP <80 mmHg and/or symptoms of brain ischemia and/or chest pain during VT
3. Polymorphic VT
4. Hemodynamically stable, sustained VT refractory to medication or the efficacy of medication
is unknown, and/or catheter ablation is ineffective or impossible

ICD should be considered for patients with sustained VT not induced after catheter ablation
ICD should be considered for patients with sustained VT responsive to antiarrhythmic drugs

ICD may be considered for patients with VT/VF due to reversible acute causes (eg, HF, electrolyte
abnormality, or drugs), but whose possibility of re-exposure to the same conditions is high

ICD is not recommended for patients with a predicted life expectancy <12 months

ICD is not recommended for patients without consent or cooperation for ICD therapy because of
a psychiatric disorder or other reasons

ICD is not recommended for patients with VT/VF due to reversible acute causes (eg, acute ischemia,
electrolyte abnormality, or drugs), and in whom VT/VF will be prevented after removal of those causes

ICD is not recommended for patients with a repeat episode of VT/VF, refractory or unresponsive
to antiarrhythmic drugs and/or catheter ablation

ICD is not recommended for patients with NYHA class IV with medication-refractory HF who are
also not candidates for cardiac transplantation, CRT, or LVAD insertion

GOR LOE
COR LOE (MINDS) (MINDS)
|
VI
]
VI
VI
C2 VI
Cc2 \4
€ Cc2 VI
© C2 \
C C2 \4

Abbreviations: BP, blood pressure; COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR, grade of recommendation; HF,
heart failure; ICD, implantable cardioverter-defibrillator; LOE, level of evidence; LVAD, left ventricular assist device; MI, myocardial infarction; NYHA,
New York Heart Association; OHA, out-of-hospital cardiac arrest; VF, ventricular fibrillation; VT, ventricular tachycardia.

The incidence of sudden death in the control group was approxi-
mately 5% per year. Furthermore, the results of a long-term follow-
up survey over an 8-year period showed that the effectiveness of
ICD increased over the long term.'??

SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial) is the larg-
est prospective RCT on primary prevention, enrolling both patients with
ischemic and non-ischemic heart failure (HF).2°° The main registration
criteria were: (1) history of HF for 23 months, (2) receiving treatment for
HF with angiotensin-converting enzyme inhibitors and beta-blockers,
(3) LVEF <35%, and (4) NYHA class II-Ill. However, conditions such
as NSVT and frequent PVC were excluded. Coronary artery disease
accounted for 52% of the total cases, and the ICD group had approx-
imately 20% reduction in mortality compared with the placebo and
amiodarone groups. The results of these clinical trials, conducted mainly
in North America, support the proactive indication of ICD implantation
in patients with coronary artery disease with reduced LVEF.

Conversely, several cohort studies that observed the prognosis of
patients with coronary artery disease in Japan showed relatively good
life prognosis. In HIJAMI-II (Heart Institute of Japan Acute Myocardial
Infarction-ll), a prospective observational study of 4,133 patients with
Ml, the rate of sudden death during the mean observation period
of 4.1 years was 1.2% and the rate of sudden death in patients with
LVEF <30% (4.8% of the total), a registration criterion of MADIT-II, was
only 5.1% in 5 years.?°! Tanno et al reported that only 2 sudden deaths

occurred in 90 patients who met the MADIT registration criteria during

the 30-month follow-up period.?°> CHART-2 (Chronic Heart Failure
Analysis and Registry in the Tohoku District 2) examined the prognosis
of 185 patients with LVEF <30%, including those with ischemic and
non-ischemic heart disease, and found that the rate of sudden death
was 4.9% over a mean observation period of 2.7 years.?°® Considering
that approximately half the deaths in MADIT-Il were sudden deaths,?*
the ICD indication criteria of MADIT-Il may not be very cost-effective
in Japan. Therefore, it is recommended to use the results of effec-
tive examinations for risk stratification of patients with coronary ar-
tery disease, such as electrophysiology studies, as shown in MADIT-|
and MUSTT (Multicenter Unsustained Tachycardia Trial).2%> MUSTT
showed that ICD implantation increased survival when VT/VF was
induced with electrophysiology tests in patients with ischemic heart
disease with NSVT and LVEF <40%. On the other hand, in CHART-2,
the complication of AF and a left ventricular end-diastolic diame-
ter 265 mm were independent risk factors for sudden death. Therefore,
these should be considered when examining the ICD indications.

It is believed that the arrhythmia substrate after Ml is more un-
stable in the acute phase, and there is a higher risk of sudden death.
According to this logic, earlier ICD implantation after the onset of Ml
would be more effective.

DINAMIT (Defibrillator in Acute Myocardial Infarction Trial) ex-
amined the effectiveness of ICD in patients with low cardiac function
(LVEF <35%) in the early stage (6-40 days) after MI.2% Arrhythmic
death was significantly lower in the ICD group than in the non-ICD
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ICD indications for non-ischemic cardiomyopathy with left ventricular dysfunction. BP, blood pressure; CA, catheter ablation;

Yes

Class lll indication not mentioned

EPS, electrophysiological study; LVEF, left ventricular ejection fraction; NYHA, NYHA functional class; OHA, out-of-hospital cardiac arrest;
Sust-VT, sustained VT; VF, ventricular fibrillation; VT, ventricular tachycardia
[Correction added on 29 June, after first online publication: ‘(1) LVEF <35%' has been removed and renumbered in the box at the bottom-left.]

group. However, cardiac deaths other than from arrhythmia were sig-
nificantly higher. Thus, there was no difference in the total number of
deaths between the 2 groups. In a subanalysis of MADIT-II, ICD implan-
tation had no superiority in terms of total mortality in patients within
18 months after the onset of M| compared with that in patients at later
than 18 months after onset. According to a subanalysis of VALIANT
(Valsartan in Acute Myocardial Infarction Trial), which examined the
effectiveness of valsartan in patients after acute Ml, deaths from non-
arrhythmias such as heart failure and cardiac rupture occurred fre-
quently within 1 month after onset, whereas death from arrhythmia
tended to increase after 1-3 months.2%”

When considering ICD implantation as a primary prevention after
MI, we should pay attentions that reinfarction and pump failure can
arise even if patients are saved from sudden death, and conversely,
revascularization in the acute phase is predicted to improve cardiac
function based on reverse remodeling. Therefore, primary ICD indi-
cation should be discussed for patients who have survived at least
40 days after MI. The recommendations are shown in Table 15 and

Figure 4.

Reports have demonstrated the usefulness of WCDs during the
period when ICDs are not yet indicated for high-risk cases after
acute Ml and after coronary revascularization (<40 days after acute
MI, <3 months after coronary revascularization, <3 months after
starting pharmacotherapy). WCDs are considered a bridging treat-

ment until ICD is indicated and implanted.?°8211

4.2.2 | Primary prevention in patients with non-ischemic
cardiomyopathy

The highest risk factor for sudden cardiac death in non-ischemic car-
diomyopathy is the degree of cardiac dysfunction and HF, as is seen
in ischemic heart disease. DEFINITE (Defibrillators in Non-ischemic
Cardiomyopathy Treatment Evaluation) examined patients with non-
ischemic cardiomyopathy with LVEF <35% who had PVC (210/h) or
NSVT on Holter ECG. Although the total mortality was reduced by
35% in the ICD group compared with the pharmacotherapy only
group, it was not a significant reduction (P = .08).212 SCD-HeFT in-
cluded 48% non-ischemic HF cases, and ICD demonstrated supe-

riority in the overall patients. However, in the placebo group, the
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TABLE 15 Recommendations and evidence levels for ICD as primary prevention of sudden death in patients with coronary artery disease

ICD is recommended for patients who meet all of the following criteria:
1. CAD (240 days after Ml and at least 90 days after revascularization)

2. Receiving optimal medical therapy
3. NYHA class Il or greater symptoms
4. LVEF <35%

5. Non-sustained VT

ICD is recommended for patients who meet all of the following criteria:
1. Coronary artery disease (at least 40 days after myocardial infarction and at least 90 days after

revascularization)
2. Receiving optimal medical therapy
3. LVEF <40%
4. Non-sustained ventricular tachycardia
5. Inducible sustained VT or VF on an electrophysiological study

ICD should be considered for patients who meet all of the following criteria:
1. CAD (240 days after Ml and at least 90 days after revascularization)

2. Receiving optimal medical therapy
3. NYHA class Il or greater symptoms
4. LVEF <35%

ICD is not recommended for patients who meet any 1 of the following criteria:

1. Limited physical activity due to chronic diseases
2. Predicted life expectancy <12 months

3. NYHA class IV with medication-refractory HF and also not a candidate for cardiac
transplantation, LVAD insertion, or implantation of a CRT defibrillator with both pacing and

defibrillation capabilities

GOR LOE
(MINDS)

COR LOE (MINDS)

B Il

\

Abbreviations: CAD, coronary artery disease; COR, class of recommendation; GOR, grade of recommendation; HF, heart failure; ICD, implantable
cardioverter-defibrillator; LOE, level of evidence; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; MI, myocardial
infarction; NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ventricular tachycardia.

total mortality of non-ischemic HF was less than that of ischemic HF
(non-ischemic: 27%/5 years vs. ischemic: 43%/5 years). Moreover, al-
though the ICD group had reduced total mortality, by 27%, compared
with the placebo group, the difference was not significant (P = .06).2°°

The most recent RCT study, DANISH (Danish Study to Assess
the Efficacy of ICDs in Patients with Non-ischemic Systolic Heart
Failure on Mortality),213
teria: (1) systolic HF (LVEF <35%), (2) symptomatic HF (NYHA class
I, Il or IV scheduled for CRT), (3) N-terminal pro-B-type natriuretic

included patients who met the following cri-

peptide >200 pg/mL, and (4) receiving standard HF treatment, and
randomly assigned to the ICD and non-ICD groups. During a median
follow-up of 68 months, the primary endpoint (overall mortality rate)
was not significantly different between the ICD and non-ICD groups
(hazard ratio 0.87, 95% confidence interval 0.68-1.12, P = .28).
Meanwhile, a meta-analysis of the effect of ICD on non-ischemic
cardiomyopathy, including 5 RCTs (DEFINITE?'?), SCD-HeFT?%9),
CAT [Cardiomyopathy Trial]?!*), AMIOVIRT [Amiodarone vs.
Implantable Defibrillator]?'®), and COMPANION [Comparison of
Medical, Pacing, and Defibrillation Therapies in Heart Failure]zié),
n = 1854), was reported in 2004.7* ICD implantation significantly
reduced the relative mortality (31%, P = .002). Similar results were
found in a recent meta-analysis of 6 trials, with the addition of
DANISH?'3 (non-ischemic cardiomyopathy, n = 2970),% indicating
that ICD implantation significantly reduced the relative mortality

(23%). Additionally in a separate analysis of the trials that assessed

ICD versus optimal medical therapy (after exclusion of trials that in-
volved patients with CRT defibrillator), a statistically significant 24%
reduction in all-cause mortality with ICD was observed. When the
2 trials (COMPANION and DANISH-CRT subgroup) were compared
with CRT plus ICD versus CRT alone, there was a trend toward ben-
efit in terms of all-cause mortality in the ICD group. A meta-analysis
including 2,573 patients with the addition of DANISH?'® instead of
COMPANION? also found that relative mortality was significantly
reduced by ICD (21%, P < .001).2'8 These findings suggest that an
ICD is useful for preventing sudden death in non-ischemic cardiomy-
opathy in patients with reduced cardiac function and with HF symp-
toms, as seen in ischemic heart disease.

There are few data showing sudden death rates in patients with
non-ischemic HF in Japan. However, in a cohort study that observed
the prognosis of patients with chronic HF, 70% of Japanese patients
had non-ischemic HF and the total mortality was reported to be 20%-
30% in 3 years.?'? According to CHART (a Japanese prospective ob-
servational study), 15% of HF patients with LVEF <30% experience
sudden cardiac death within 3 years.??° Therefore, the prognosis of
HF and the incidence of sudden death in non-ischemic cardiomyopa-
thy are considered similar to those seen overseas, and it is worth con-
sidering the ICD indications as equivalent. In the CHART-2 study,?°®
which prospectively enrolled HF patients with NYHA class II-Ill and
LVEF <35% (including 20% with a non-ischemic etiology), the presence
of NSVT may increase the risk of developing VT/VF.
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COR LOE

ICD is recommended for patients who meet all
the following criteria:
1. Non-ischemic cardiomyopathy
2. Receiving optimal medical therapy
3. NYHA class Il or greater symptoms
4. LVEF <35%
5. Non-sustained VT

ICD should be considered for patients who
meet all the following criteria:
1. Non-ischemic cardiomyopathy
2. Receiving optimal medical therapy
3. NYHA class Il or greater symptoms
4. LVEF <35%

ICD is not recommended for patients who meet

either of the following criteria:

1. Limited physical activity due to chronic
disease

2. Expected life expectancy <12 months

3. NYHA class IV with medication-
refractory HF and also not a candidate for
cardiac transplantation, LVAD, or a CRT
defibrillator that incorporates both pacing
and defibrillation capabilities

TABLE 16 Recommendations and
evidence levels for ICD as primary
prevention of sudden death in patients
Il with non-ischemic cardiomyopathy

GOR LOE
(MINDS)

(MINDS)

VI

Abbreviations: COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR,
grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence;
LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; NYHA, New York Heart

Association; VT, ventricular tachycardia.

Reports have demonstrated the usefulness of WCDs during the
period when an ICD is not yet indicated for high-risk cases immediately
after the introduction of pharmacotherapy for acute HF (<3 months
after starting pharmacotherapy). WCDs are considered as a bridging
treatment during the period until an ICD is indicated and implant-
ed.208211 The recommendations are shown in Table 16 and Figure 5.

4.2.3 | Summary of ICD indications for coronary artery disease
and non-ischemic cardiomyopathy

Figures 4 and 5 respectively show the flowcharts for the applicable
classes and conditions for the above mentioned diseases.

4.3 | Syncope with uncertain diagnosis

Various pathologies cause syncope, but the common pathophysiol-
ogy is “transient hypoperfusion of the entire brain”. Here, the event
that occurs as a result of transient hypoperfusion of the entire brain
is managed as syncope. Cardiac electrophysiology studies are per-
formed when reflex syncope is ruled out as the cause of the syncope
based on medical history, physical examination, and various tests, and
when the syncope is suspected to be caused by arrhythmia because
there are high-risk factors for cardiogenic syncope (Table 17).14¢

An ICD is indicated when syncope due to VT or VF is the most
likely cause. It has been reported that non-arrhythmic syncope can
happen in patients with an ICD or CRT-D; thus, a detailed investi-

gation of the cause is essential.??! Patients with coronary artery

disease or non-ischemic cardiomyopathy who have a marked de-
cline in cardiac function (LVEF < 35%), and with NYHA class Il or
11l who develop syncope are a high-risk group for sudden death; an
ICD is recommended for these patients.200 It is also recommended
for patients with structural heart disease when syncope was sus-
pected to be caused by tachyarrhythmia, and hemodynamically
intolerable VT or VF was induced during electrophysiology stud-
jes.60:181.222.223 Ay |CD should be recommended for patients with
non-ischemic cardiomyopathy, LVEF <35%, and syncope regardless
of NYHA class.t1¢224225 |t is also necessary to differentiate syn-
cope associated with coronary spastic angina. If coronary spasm is
induced by coronary angiography, refer to the section in this chap-
ter (4.1.1 Sustained VT and VF with coronary artery disease).
Conversely, an ICD is contraindicated when cardiac function is
normal and if conditions such as hypertrophic cardiomyopathy, long
QT syndrome, Brugada syndrome (including drug-induced Brugada
ECG), preexcitation syndrome, and short QT syndrome are ruled
out. The recommendations are shown in Table 18 and Figure 6 with

reference to the European Society of Cardiology guidelines.!#¢

4.4 | Specific heart diseases

4.4.1 | Hypertrophic cardiomyopathy
The incidence of sudden death associated with hypertrophic cardio-
myopathy (HCM) has been reported to be 1% per year;?262%8 how-

ever, it is the most common cardiac cause of death among patients
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TABLE 17 Clinical features that can suggest a diagnosis of
syncope on initial evaluation

Reflex syncope
e Long history of recurrent syncope, in particular occurring
before the age of 40 years
e After unpleasant sight, sound, smell, or pain
e Prolonged standing
e During meal
e Being in crowded and/or hot places
e Autonomic activation before syncope: pallor, sweating, and/or
nausea/vomiting
e With head rotation or pressure on carotid sinus (as in tumours,
shaving, tight collars)
o Absence of heart disease
Syncope due to orthostatic hypotension
e While or after standing
e Prolonged standing
e Standing after exertion
e Post-prandial hypotension
e Temporal relationship with start or changes of dosage of
vasodepressive drugs or diuretics leading to hypotension
e Presence of autonomic neuropathy or Parkinsonism
Cardiac syncope
e During exertion or when supine
e Sudden onset palpitation immediately followed by syncope
e Family history of unexplained sudden death at young age
e Presence of structural heart disease or coronary artery disease
e ECG findings suggesting arrhythmic syncope:
e Bi-fascicular block (defined as either left or right BBB
combined with left anterior or left posterior fascicular block)
e Other intraventricular conduction abnormalities (QRS
duration 2 0.12 s)
e Mobitz | second-degree AV block and first degree AV block
with markedly prolonged PR interval
e Asymptomatic mild inappropriate sinus bradycardia (40-
50 bpm) or slow atrial fibrillation (40-50 bpm) in the absence
of negatively chronotropic medications
e Non-sustained VT
e Pre-excited QRS complexes
e Long or short QT intervals
e Early repolarization
e ST-segment elevation with type 1 morphology in leads
V1 - V3 (Brugada pattern)
e Negative T waves in right precordial leads, epsilon waves
suggestive of ARVC
e Left ventricular hypertrophy suggesting hypertrophic
cardiomyopathy

Abbreviations: ARVC, arrhythmogenic right ventricular cardiomyopathy;
AV, atrioventricular; BBB, bundle branch block; VT, ventricular
tachycardia. (From Brignole et al 2018.%*¢ with permission.)

with this disease. The risk of sudden death is particularly high in peo-
ple younger than 30 years, and sudden death often occurs during
exercise in this population.??’

The high-risk factors for sudden death include cardiac arrest, and
resuscitation from VF or sustained VT. Because of the relatively high
recurrence rate (=10% annually),?*%2% |CD implantation is recom-
mended as secondary prevention,230-232:234-237

The following 5 major risk factors related to primary preven-
tion?3%2%8 have been known for a long time: (1) family history of

sudden death associated with HCM; sudden death in a 1st-degree
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relative <40 years old with or without a diagnosis of HCM, or in a
1st-degree relative diagnosed with HCM regardless of age), (2) cardio-
genic or unexplained syncope, (3) marked left ventricular hypertrophy
(>30 mm), (4) NSVT (23 in succession and 2120 beats/min) on Holter
ECG, and (5) abnormal blood pressure (BP) response during exercise
(systolic BP during maximum effort is not elevated by 220 mmHg over
resting BP, or decreased by 220 mmHg during exercise).238-24¢

ICD implantation should be considered for patients with any of
these conditions. However, in general, the negative predictive value
of these major risk factors can be as high as 85%-95%, but the pos-
itive predictive value is reported to be low at around 10%-20%. In
addition, although the risk of sudden death is reported to increase

243 there is also a report from

as the number of risk factors increases,
Europe and the USA showing no significant correlation between the
number of risk factors and the incidence of appropriate ICD ther-
apy.2%° Therefore, it is difficult to predict the risk of sudden death
through a simple addition of risk factors.

NSVT alone is classified as IIb, although there is a report indicat-
ing that the risk of sudden death is high even in young HCM patients
(age <30 years) with NSVT alone.?*” Abnormal blood pressure re-
sponse during exercise or a family history of sudden death only is
designated as Ilb, and cases with other major risk factors or modifi-
ers are designated as lla in this guideline (Table 19).

The European Society of Cardiology guidelines recommend
risk stratification based on a sudden death prediction model?*®
used in a Web-based calculation formula (HCM Risk-SCD model)
that includes 7 risk factors based on a cohort study. A 5-year risk
of sudden death of 26% is reported for class lla, 4% to <6% for
class llb, and <4% for class Ill, and a risk stratification has been
proposed accordingly.236 Reports indicate that the predictabil-
ity of sudden death is higher than with conventional risk strat-
ification, based on data from the same European population as
well as from other populations in Europe, USA, and Asia includ-
ing Japan.?*”2°0 As it is useful to predict the 5-year risk of sud-
den death in the high-risk group, class lla is determined to be the
“high-risk” class according to the HCM Risk-SCD model.?>! On the
other hand, a meta-analysis has reported that HCM patients with
ICD experience a relatively high incidence of both inappropriate
therapies and ICD complications.?*?

At present, ICD implantation should be considered comprehen-
sively for HCM patients who have any of the 5 conventional major
risk factors after providing information for consent to patients and
their families, taking into account the patient's age, the weight of
risk factors, and the risk/benefit assessment of ICD therapy.

In addition to the 5 conventional major risk factors, the end-stage
phase, apical aneurysm formation in the left ventricle (including
those associated with left midventricular narrowing), left ventricular
outflow tract obstruction, and extensive late gadolinium enhance-
ment on cardiac MRI have also been suggested as potential risk fac-

),238:253-255 and further studies

tors of sudden death (risk modifiers
are needed. Conversely, factors such as AF, inducibility of sustained
VT/VF in electrophysiological study, and gene mutation have limited

application for the prediction of sudden death.?38256:257
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TABLE 18 Recommendations and evidence levels for ICD for patients with uncertain diagnosis of syncope

ICD is recommended for patients with coronary artery diseases or non-ischemic
cardiomyopathy, and with symptomatic heart failure (NYHA class II-11l) and
LVEF <35% after optimal medical therapy

ICD is recommended for patients with structural heart diseases and inducible
hemodynamicallyintolerable VT or VF

ICD should be considered for patients with non-ischemic cardiomyopathy and
LVEF <35% after optimal medical therapy (regardness of NYHA class)

ICD is not recommended for patients without any of following conditions: (1)
reduced systolic cardiac function; (2) lethal arrhythmic disease such as hypertrophic
cardiomyopathy, arrthmogenic rightventricular cardiomyopathy, Brugada syndrome
(including drug-induced Brugada ECG), early repolarization syndrome, or short QT
syndrome; and (3) inducible VT or VF

NOGAMI ET AL.
GOR LOE
COR LOE (MINDS) (MINDS)

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence;
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ventricular tachycardia.
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[Correction added on 29 June, after first online publication: ‘(1) NYHA class | or IV’ has been amended to ‘(1) NYHA class I-1V’ in the box

above ‘Class lla']

4.4.2 | Arrhythmogenic right ventricular cardiomyopathy (ARVC)
ARVC is known to be a major underlying heart disease in cases of
sudden cardiac death in young people.?°82%% Fatty degeneration
and fibrofatty replacement of the right ventricular myocardium are
the main causes of the disease, and ARVC is generally classified as a
hereditary cardiomyopathy. However, given the remarkable genetic
diversity and low penetrance, involvement of non-genetic factors
has also been suggested. Although the etiology remains unknown,
the progression of this condition leads to right or bilateral heart fail-
ure due to myocardial injury in the right and left ventricles.

The cause of sudden death in ARVC is mainly cardiac arrest due

to sustained VT or VF, and in young people the first cardiac accident

may be sudden death.?922% However, the predictors of sudden death
are not well defined. Reports from Japan have suggested that patients
with high scores based on the 2010 Task Force Criteria for ARVC?%
and those with a history of hospitalization for heart failure have an
increased risk of developing sustained VT or VF.2%>2% However, there
are few data that would enable full evaluation from Japan alone. In
this guideline, ICD recommendations and levels of evidence were pre-
pared based on the consensus statement issued in 2015%7 (Table 20).

A history of sustained VT or VF is reported to be associated with
a recurrence rate of life-threatening arrhythmia of 210% per year,
making these high-risk cases; thus, ICD is important as secondary pre-
vention.?6”-2%? A cohort study of 132 ARVC patients treated with ICD
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TABLE 19 Recommendations and evidence levels for ICD for hypertrophic cardiomyopathy

GOR LOE
COR LOE (MINDS) (MINDS)

ICD is recommended for patients with prior cardiac arrest or sustained VT/VF | IVa

ICD should be considered for patients with recent cardiogenic or unexplained syncope IE} C 1Va
(<6 months), maximum LV wall thickness 230 mm, or with high risk of SCD (an estimated 5-year
risk of sudden death 26%) using the HCM Risk-SCD model (2014 ESC guidelines)

ICD should be considered for patients with family history of SCD, and with other SCD major risk IE} C IVa
factors or modifiers

ICD should be considered for patients with non-sustained VT, and with other SCD major risk lla C IVa
factors or modifiers

ICD should be considered for patients with abnormal blood pressure response to exercise, and lla C IVa
with other SCD major risk factors or modifiers

ICD may be considered for patients with family history of SCD, but without other SCD major risk 18] C c2 VI
factors or modifiers

ICD may be considered for patients with non-sustained VT, but without other SCD major risk I1b C Cc2 Vi
factors or modifiers

ICD may be considered for patients with abnormal blood pressure response to exercise, but Ilb C Cc2 VI

without other SCD major risk factors or modifiers

Major risk factors: prior cardiac arrest or sustained VT/VF, family history of SCD, unexplained syncope, non-sustained VT, maximum LV wall
thickness 230 mm, abnormal blood pressure response with exercise.

Modifiers: LV outflow obstruction, extensive LGE on CMR imaging, LV apical aneurysm, impaired systolic function (LVEF <50%, end-stage phase).
Abbreviations: CMR, cardiovascular magnetic resonance; COR, class of recommendation; GOR, grade of recommendation; HCM, hypertrophic
cardiomyopathy; ICD, implantable cardioverter-defibrillator; LGE, late gadolinium enhancement; LOE, level of evidence; LV, left ventricular: SCD,
sudden cardiac death; VF, ventricular fibrillation; VT, ventricular tachycardia.

TABLE 20 Recommendations and

evidence levels for ICD for ARVC GOR LOE

COR LOE (MINDS) (MINDS)

ICD is recommended for patients with prior cardiac IVa
arrest, VF or hemodynamically unstable, sustained VT

ICD is recommended for patients with severely systolic IVa
dysfunction of the RV, LV, or both

ICD should be considered for patients with IVa
hemodynamically stable, sustained VT

ICD should be considered for patients with IVa
cardiogenic or unexplained syncope, and with minor
risk factors

ICD should be considered for patients with non- IVa
sustained VT, and with minor risk factors

ICD should be considered for patients with moderately IVa
systolic dysfunction of the RV, LV, or both, and with
minor risk factors

ICD may be considered for patients with minor risk 119] C c2 VI

factors

Minor risk factors: younger age, male sex, desmosomal-gene mutations, sustained VT/VF inducible
in electrophysiological study, T-wave inversion in inferior leads, T-wave inversion in V4 and beyond,
PVCs > 1,000/24 h.

Abbreviations: ARVC, arrhythmogenic right ventricular cardiomyopathy; COR, class of recommendation;
GOR, grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence; LV,
left ventricular; RV, right ventricular; VF, ventricular fibrillation; VT, ventricular tachycardia.

(including cardiac arrest [n = 13] and sustained VT [n = 82]) also found The most important high-risk factors for primary prevention are
that a history of cardiac arrest and a history of hemodynamically unsta- severe right ventricular dysfunction (right ventricular fractional area
ble sustained VT were significant factors associated with appropriate change <17%, right ventricular ejection fraction [RVEF] <35%) and

ICD therapies, with the rate reported to be 10% per year.?¢® LVEF $35%.267:268:270-273
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In addition, the consensus statement revealed that unexplained
syncope, 267271274275 NSVT on Holter ECG (23 times in succession
and >100 times/min)?¢”27427> and moderate RV dilatation/dysfunction
(RV fractional area change 17%-24%, RVEF 36%-40%) and left ven-
tricular dilation/dysfunction (LVEF 36%-45%)2¢7268:270273 yre consid-
ered high-risk factors. The rate of appropriate ICD therapies in these
high-risk cases has been reported to be 48%-78% over 2-7 years of
observation.?*” The North American ARVC Registry also reported that
young age (33 + 15 years) was a risk factor for life-threatening arrhyth-
mia.2’ In these high-risk cases, ICD implantation is recommended as
primary prevention to improve the prognosis of patients with ARVC.
The consensus statement indicates that ARVC patients with 21 risk
factors of arrhythmia (syncope, NSVT, moderate RV and/or LV dys-
function) have an intermediate risk.2¢’ Patients in this category are
expected to have an estimated life-threatening arrhythmia rate of 1%-

10% per year’267,274,275

and should be considered for ICD implantation.

Other factors conventionally indicated as risk factors, namely
young age at diagnosis, male sex, desmosomal-gene abnormalities,
sustained VT or VF inducible in electrophysiological study, T-wave
inversion in inferior leads, and T-wave inversion in precordial leads
exceeding V4, are considered to be minor risks because they lack
sufficient weight as risk factors.?®” Further, some facilities have in-
dicated that frequent occurrence of PVCs (>1,000/day) on Holter
ECG is a risk factor.?’> ICD implantation as primary prevention may
be considered for patients with ARVC in this category when they
have >1 factor; however, it is not strongly recommended. The inci-
dence of ICD complications is 3.7% per year, and that of inappropriate
therapies is 4.4% per year in ARVC patients with an ICD.?*’ The in-
dication of ICD implantation in ARVC patients should be determined
comprehensively after providing information for consent to patients
and their families, taking into account the patient's age, the weight of
risk factors, and the risk/benefit assessment of ICD therapy.

4.4.3 | Brugada syndrome

Brugada syndrome (BrS) is characterized by the presence of a charac-
teristic ST elevation in the right precordial lead of a 12-lead ECG, and
VF, causing sudden death mainly during nighttime sleep or at rest.?’¢
Spontaneous coved-type ST-segment elevation (type | ECG) with el-
evation of the J-point by 22 mm (0.2 mV), or type | ECG after drug
challenge test with a sodium-channel blocker, in the right precordial
leads, including high intercostal recording up to the second intercostal
space, is an essential condition for the ECG diagnosis of BrS.2””

The diagnosis is based on definitive findings, major findings (ECG,
clinical history), and minor findings (clinical history, family history,
genetic test results), as shown in Table 21.2 A diagnosis of symptom-
atic BrS is made when 1 item in the ECG findings and 1 of the major
clinical findings (2A-2D; Table 21) are satisfied. Meanwhile, asymp-
tomatic BrS is diagnosed when there is only 1 ECG finding and no
clinical history findings. The minor findings of clinical history 3A and
family history 3B-3D (Table 21), and SCN5A mutations in genetic
testing, are reference findings for risk assessment.?”®
ICD implantation is the only treatment that has been proven

effective in preventing sudden death in patients with BrS.?”%28

TABLE 21 Diagnosis of Brugada syndrome

1. Definitive findings
ECG (12-Lead/Ambulatory)

A. Spontaneous type 1 Brugada ECG pattern at nominal or high
leads

B. Fever-induced type 1 Brugada ECG pattern at nominal or high leads

C. Type 2 or 3 Brugada ECG pattern that converts into type 1
Brugada ECG pattern with provocative drug challenge

2. Major findings
Clinical History
A. Unexplained cardiac arrest or documented VF/polymorphic VT
B. Nocturnal agonal respiration
C. Suspected arrhythmic syncope
D. Syncope of unknown mechanism/unknown etiology
3. Minor findings
Clinical History

A. Atrial flutter/fibrillation in patients under 31 years without
alternative etiology

Family History
B. Definite Brugada syndrome
C. Suspicious SCD (fever, nocturnal, Brugada aggravating drugs)
D. Unexplained SCD under 46 years with negative autopsy
Genetic Testing (no reimbursement)
E. Probable pathogenic mutation in Brugada syndrome
susceptibility gene
Symptomatic BrS: 1 ECG finding and 1 major clinical finding 2A-2D are
satisfied.

Asymptomatic BrS: only 1 ECG finding and no clinical history of major
findings.

Minor findings 3A (clinical history), 3B-3D (family history), and 3E
(SCN5A mutation) are used for risk assessment of asymptomatic BrS.
When a patient has non-type 1 (type 2 or type 3) ECG alone, BrS is
not diagnosed; however, type 1 ECG may appear over time, so it is
necessary to monitor patients over time (patients should be examined
especially when major findings appear).

Abbreviations: SCD, sudden cardiac death; VF, ventricular fibrillation;
VT, ventricular tachycardia.

(From Japanese Circulation Society 20182

Patients with a history of cardiopulmonary arrest and resuscitation
or a history of VF (secondary prevention) in addition to type 1 ECG
have a class | recommendation for ICD implantation (Figure 7). There
have been various discussions on the ICD indication for primary pre-
vention. In previous guidelines issued by the JCS, a class lla recom-
mendation was defined as having type 1 ECG and satisfying 22 of
the following conditions: (1) history of syncope, (2) family history of
sudden death, and (3) VF induction with electrophysiology methods.
These 3 risk factors had equal importance. Additional data on these
3 risks have been reported in recent years.

Syncope is a high-risk sign and is a presymptomatic event in
approximately 20% of patients with a history of cardiac arrest and
VF.281282 Many prospective studies have demonstrated that syn-
cope is associated with VF (hazard ratio (HR) 1.48-4.2)104106.283
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Type 1 Brugada ECG pattern
(spontaneous or induced by sodium channel blocker)

Symptomatic

Asymptomatic
(spontaneous Brugada ECG pattern)*2

!

Prior cardiac arrest

Arrhythmic syncope*!
Sustained VT/VF

Nocturnal agonal

Unexplained
syncope

Clinical or electrocardiographic findings
(Age, Gender, Family, history, SCN5A

respirations

mutation, QRS fragmentation, J wave etc)

EP study (Inducible VT/VF
with up to 2 extrastimuli)

!

EP study (Inducible VT/VF
with up to 2 extrastimuli)

Class |

FIGURE 7

Class lll indication not mentioned

ICD indication for patients with Brugada syndrome. *1Arrhythmic syncope: In comparison with non-arrhythmic syncope, there

is a great frequency among middle-aged men. Incontinence is frequently observed. Syncope is not driven by a crowded environment, pain,
mental stress, and orthostatic body position. *?Close follow-up is recommended in patients with Brugada ECG pattern induced by sodium
channel blocker. ICD, implantable cardioverter-defibrillator; VF, ventricular fibrillation; VT, ventricular tachycardia

and ICD should be considered in cases of type 1 ECG and syncope.

t,284285 and to as-

However, BrS has a high rate of a positive tilt tes
certain if the syncope is arrhythmogenic, it is important to distin-
guish between syncope and loss of consciousness with other causes
such as neurally mediated syncope or epilepsy.

There is a report from a registered study in Japan that a family
history of sudden death is a high-risk factor (HR 3.3) in patients with
BrS who have a family history of sudden death before the age of
45 years;1% however, the usefulness of this finding in risk stratifica-
tion is unclear.

The usefulness of risk stratification with VF induction with pro-
grammed ventricular stimulation in electrophysiology studies has
been inconsistently reported.95'9‘("99'100 The reasons include differ-
ences in patient background, number of extrastimuli, positive cri-
terion for induction, and the observation period among studies, as
well as the effects of sedation and the autonomic nervous system.
In Japan, multicenter studies in 2007 and 2009 found no association
between VF induction and the occurrence of cardiac accidents;'0>1%7
however, a single-center study in 2012 reported that induction of <2
consecutive extrastimuli may be a predictor.101 In addition, a pooled
analysis from the USA and Europe in 2016 reported that the risk
could be high if VF induction with <2 consecutive stimuli is applied.

Recent multicenter collaborative studies in Japan?®¢ have shown
that the SCN5A mutation is a predictor of arrhythmia events (HR
1.96), and the prognosis tends to be poor, especially when the mu-
tation is located in the central pore region of the sodium channel.

On the basis of the above information, this guideline empha-

»

sizes the risk in the order of “syncope” “electrophysiological study”
“family history”. ICD is indicated for cases of type 1 ECG with un-

explained syncope, if the electrophysiological study is positive and

the class of recommendation is lla. In asymptomatic patients with
spontaneous type 1 ECG, if some of the clinical findings (age, sex,
family history, SCN5A mutation, etc) or ECG findings (QRS fragmen-
tation, J-wave, etc) are positive and the electrophysiological study
is positive, ICD is assigned a class Ilb recommendation (Table 22).
Further investigation is necessary to determine the validity of
these indications.

S-ICD has recently become available as an alternative to conven-
tional ICD. Patients with BrS are often adolescents who are highly
active, and conventional ICDs are associated with a high rate of com-
plications (inappropriate therapy, lead failure) of 8.9% per year.2®’
Although S-ICDs may have a slightly higher rate of inappropriate
therapy than conventional ICDs, the use of S-ICDs is expected in the
future because of its low lead-related complications.

4.4.4 | Congenital long QT syndrome

Congenital long QT syndrome (LQTS) is characterized by prolonged
QT interval and polymorphic VT known as torsade de pointes (TdP),
causing syncope and sudden death.?88-2%0 This syndrome consists
of 2 types: the Jervell and Lange-Nielsen syndrome (with autoso-
mal recessive inheritance and hearing loss), and the Romano-Ward
syndrome (with autosomal dominant inheritance and no hearing
loss). Molecular genetic studies have shown that many inherited ar-
rhythmias are caused by mutations in genes encoding the ion chan-
nels that form the action potential of the myocardium, as well as
associated cell membrane proteins. Mutations in the causative gene
are identified in more than half of the cases diagnosed clinically as
congenital LQTS.??! For the major genotypes of Romano-Ward syn-
drome type 1 (LQT1), type 2 (LQT2), and type 3 (LQT3), the rela-
tionship between the genotype and clinical findings (phenotype) has
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TABLE 22 Recommendations and evidence levels for ICD for Brugada syndrome

ICD is recommended for patients Patients with type 1 Brugada ECG pattern and aborted SCD

or documented VT/VF

ICD should be considered for patients Patients with type 1 Brugada ECG pattern and

arrhythmic syncope or nocturnal agonal respiration

ICD should be considered for patients with type 1 Brugada ECG pattern and unexplained

syncope, and with inducible VF with <2 extrastimuli

ICD may be considered for patients with spontaneous type 1 Brugada ECG pattern and
considerable clinical or ECG findings (age, sex, family history, SCN5A mutation, QRS

fragmentation, J-wave, etc), and with inducible VF with <2 extrastimuli

ICD is not recommended for patients with life expectancy <12 months

ICD is not recommended for patients without consent to or cooperation with ICD therapy

because of a psychiatric disorder or other reasons

GOR
(MINDS)

LOE

COR LOE (MINDS)

IVa

IVa

1Va

VI
\

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence;
SCD, sudden cardiac death; VF, ventricular fibrillation; VT, ventricular tachycardia.

been examined in detail. Clinical symptoms and specific treatments
according to genotype and genotype-specific therapy have already
been described.882°

Schwartz's risk score 2?2 has long been used for the clinical diag-
nosis of congenital LQTS (Tables 23,24)%%2273 |n the 2012 revision,
a new item (QTc 2480 ms at 4 min during the recovery period of the
exercise stress test) was recognized as an additional 1 point. Patients
with a total score 23.5 are diagnosed with congenital LQTS.2* The
clinical diagnosis of congenital LQTS described in the consensus
statement by the Heart Rhythm Society (HRS), European Heart
Rhythm Association (EHRA), and Asia Pacific HRS (APHRS) published
in 2013 includes that risk score of 23.5, but also states that patients
are diagnosed with congenital LQTS if they have either an apparent
pathological mutation in the gene associated with congenital LQTS, or
QTc 2500 ms?”’ The diagnostic criteria are shown in Table 25. Cases
of unexplained syncope without mutations in the gene can be diag-
nosed as congenital LQTS, if the patient has a QTc of 480-499 ms

If untreated, more than half of patients with congenital LQTS will
develop cardiac events by age 40 years, and <5% will experience
sudden death or cardiac arrest as the first symptom. The treatment
of congenital LQTS generally involves lifestyle guidance and phar-
macotherapy; however, non-pharmacotherapy is selected if such
treatment has been fully implemented but failed to control the life-
threatening arrhythmia.295

In terms of the ICD indications for congenital LQTS (Table 26),
LQT3 is reported to have a lower incidence of life-long cardiac events,
but a higher incidence of fatal cardiac events, than LQT1 and LQT2.2%
This was considered in the previous revision of the guideline. The cur-
rent guideline follows the previous version, and it was decided that
the ICD indication should be based on a combination of 3 items: (1)
TdP or a history of syncope, (2) family history of sudden death, and
(3) effectiveness of beta-blockers. However, ICD therapy is only a
symptomatic treatment, and complications during and after implan-

tation, as well as frequent inappropriate therapy after implantation,

TABLE 23 Congenital long QT syndrome risk score and
diagnostic criteria

Points

ECG findings
A. Prolonged QT interval (QTc)?
2480 ms 3
460-479 ms 2
450-459 ms (in males) 1

B. QTc at the 4th minute of recovery from an exercise
stress test

2480 ms
C. TdPP
D. T-wave alternans

E. Notched T-wave in 3 leads

O r B N B

F. Low heart rate for age®
Clinical history
A. Syncopeb
With stress 2
Without stress
B. Congenital deafness 0.5
Family history?
A. Family members with definite LQTS®
B. Unexplained sudden cardiac death before age 0.5
30 years
Score: <1 point, low probability of LQTS; 1.5-3 points, intermediate
probability of LQTS; 23.5 points, high probability of LQTS.
(From Schwartz et al, 2011.%°% with permission.)

?In the absence of medications or disorders known to affect these ECG
features, and QTc calculated using Bazett's formula, where QTc = /VRR.

®Mutually exclusive.

“Resting heart rate below the 2nd percentile for age (Table 24).
9The same family member cannot be counted in both A and B.
®Family members with LQTS risk score > 3.5.
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may cause mental disorders. The indications should be determined
by properly assessing the risk and benefit, especially for young peo-
ple.?”” Therefore, the class of recommendation is |1l for asymptomatic
patients with congenital LQTS who have not been treated with beta-
blockers. After ICD implantation, treatment should be programmed
for VF therapy only, and the detection heart rate zone should be set
higher than normal, at 2220-240 beats/min, so as not to activate TdP,
which often terminates spontaneously without syncope.

The efficacy of left cardiac sympathetic denervation (LCSD) for

congenital LQTS has been reported in Europe for drug-resistant

TABLE 24 Resting heart rate below the 2nd percentile between
neonatal period and age 3 years

Age Boys Girls
0-1 months 129 136
1-3 months 126 126
3-6 months 112* 122*
6-12 months 106 106
1-3 years 97 95

*Because of small sample data, 95% confidence intervals are used.
(Data from Rijnbeek et al, 2001.2%)

TABLE 25 Diagnosis of congenital LQTS (HRS/EHRA/APHRS
expert consensus statement)

1. LQTS is diagnosed:

a. In the presence of an LQTS risk score 2 3.5 in the absence of a
secondary cause for QT prolongation and/or

b. In the presence of an unequivocally pathogenic mutation in
one of the LQTS genes or

c. In the presence of a QT interval corrected for heart rate using
Bazett's formula (QTc) 2500 ms in repeated 12-lead ECGs and
in the absence of a secondary cause for QT prolongation.

2. LQTS can be diagnosed in the presence of a QTc between 480
and 499 ms in repeated 12-lead ECGs in a patient with unexplained
syncope in the absence of a secondary cause for QT prolongation
and in the absence of a pathogenic mutation.

(From Priori et al, 2013.277 with permission.)

Sowmnal of Ctilytlmia

patients.298'3°° The 2013 HRS/EHRA/APHRS Consensus Statement
pronounces that high-risk patients who are contraindicated for ICD
or refuse implantation, or patients for whom beta-blockers are con-
traindicated or have difficulty with administration (because of non-
responsiveness or intolerance) have a class | recommendation.?”’
However, in Japan, this treatment is not covered by insurance and
not frequently practiced. The recommendations for LCSD are shown
in Table 27 (see also Chapter Ill, “6.2.3 Non-pharmacotherapies

other than catheter ablation or devices”).

4.4.5 | Catecholaminergic polymorphic VT (CPVT)

CPVT is a disease that causes polymorphic VT and VF triggered by
exercise and stress, and leads to sudden death.3°%%%* Given that
gene mutations in the ryanodine receptor (RyR2) and calsequestrin
2 (CASQ2) are detected in approximately 60% of cases, it is believed
that this condition is caused by abnormalities in the calcium control
mechanism in myocardial cells.?%°%% Organic heart disease is ab-
sent, and the prevalence is about 1 in 10,000 people. There is no
sex difference, and symptoms commonly appear between the ages
of 7 and 10 years. There have been reports of cases associated with
supraventricular arrhythmias and conduction abnormalities. At rest,
relative bradycardia is observed; however, with an exercise test or
an adrenaline provocative test, PVCs gradually increase, progressing
from polymorphic or typical bidirectional VT to rapid polymorphic
VT (350-400/min) and occasionally transitioning to VF.

The mechanism of PVCs is considered to be a delayed after-
depolarization due to intracellular calcium overload. The following
are suggested criteria for the diagnosis of CPVT,?”” of which (1)
to (3) translate into a definitive diagnosis and (4) into a suspected

diagnosis):

1. If an exercise test or an adrenaline provocative test induces
bidirectional VT, polymorphic VT, or multifocal PVCs with no
other known cause in patients with a normal ECG, and are
younger than 40 years without structural heart disease.

2. If the proband or family members have a pathogenic mutation as-
sociated with CPVT.

TABLE 26 Recommendations and evidence levels for ICD for congenital long QT syndrome

ICD is recommended for patients with documented
VF or previous cardiac arrest

1. TdP or syncope
2. Family history of SCD
3. Refractory to beta-blocker* therapy

ICD is not recommended for patients Asymptomatic
patients without use of beta-blockers

ICD is should be considered if 2 or 3
conditions are satisfied

ICD may be considered if one or no
condition is satisfied

GOR LOE
COR LOE (MINDS) (MINDS)
IVa
lIb IVa
Vb

*The efficacy of beta-blockers is evaluated according to both symptoms and QT prolongation during exercise. Beta-blocker therapy is automatically

ineffective in patients with LQT3.

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence;

TdP, torsade de pointes; VF, ventricular fibrillation.
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GOR LOE
COR LOE (MINDS) (MINDS)
High-risk patients with a diagnosis of LQTS in lla C \%
whom:
1) ICD therapy is contraindicated or refused
and/or
2) Beta-blockers are either not effective
in preventing syncope/arrhythmias, not
tolerated, or contraindicated
Patients taking beta-blockers or with an ICD 1b C \Y|

implant but are experiencing multiple shocks

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable
cardioverter-defibrillator; LOE, level of evidence; LQTS, long QT syndrome.

GOR LOE
COR LOE (MINDS) (MINDS)
ICD is recommended in CPVT patients in A \

TABLE 27 Recommendations

and evidence levels for left cardiac
sympathetic denervation for congenital
long QT syndrome

TABLE 28 Recommendations and
evidence levels for ICD in patients
with catecholaminergic polymorphic

whom cardiac arrest, recurrent syncope, or

polymorphic or bidirectional VT occurs after
appropriate pharmacological therapy and/or
left cardiac sympathetic denervation (LCSD)

ICD monotherapy is not recommended for
asymptomatic CPVT patients

ventricular tachycardia

Abbreviations: COR, class of recommendation; CPVT, catecholaminergic polymorphic VT; GOR,
grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence; VT,

ventricular tachycardia.

3. If an exercise test induces multifocal PVCs, bidirectional VT, or
polymorphic VT in the family members of the proband, despite
the absence of heart disease.

4. If an exercise test or an adrenaline provocative test induces bidi-
rectional VT, polymorphic VT, or multifocal PVCs with no other
known cause in patients with a normal ECG, who are 40 years or
older and with neither structural heart disease nor coronary ar-

tery disease.

The 2013 HRS/EHRA/APHRS Consensus Statement made rec-
ommendations for the management and treatment of CPVT.?”’
Similar strategies are presented in the 2015 ESC Guidelines
(Guidelines for the Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death),310 and
the 2017 ACC/AHA/HRS Guidelines (Guideline for the Evaluation
and Management of Patients with Syncope).60 Exercise restriction
is essential in all cases and pharmacotherapy is used, mainly focused
on beta-blockers and flecainide, but left stellate ganglionectomy and
ICD implantation can also be performed depending on the patient's
condition.®*31% Recently, there have been reports on the effects of
catheter ablation.31%31¢

As with other diseases, ICD treatment is recommended as sec-
ondary prevention; however, there are some precautions.>” As
CPVT often develops in young patients or early in life, it is nec-
essary to consider several factors such as implantation method,

device selection, lead fracture, system replacement with patient

growth, and inappropriate therapy. For appropriate therapy, it is
important to devise ways to minimize shock discharge. In CPVT,
the pain and burden associated with shock discharge may induce
sympathetic hyperactivity, causing further arrhythmias, more fre-
quent discharge, and ultimately death.3'”38 For this reason, it is
important that an ICD is introduced not alone but in combination
with pharmacotherapy.?’”310 It is also necessary to program the
device to avoid shock discharge for NSVT or slow VT without he-
modynamic failure (set to a longer time until shock is discharged
and to a higher VT detection rate). Shock therapy is effective
for VF (or short-cycle polymorphic VT); however, it causes an
increased risk of creating a proarrhythmic effect in case of bidi-
rectional VT due to delayed after depolarization. CPVT is a rare
disorder, and it must be noted that ICD implantation does not pro-
vide sufficient long-term outcomes. The role of ICDs for primary
prevention is a topic for future discussion; however, owing to the
above mentioned characteristics, treatment with ICD alone must

be avoided. The recommendations are shown in Table 28.

4.4.6 | Other specific heart diseases (besides HOCM, ARVC, BrS,
congenital LQTS, and CPVT)

This is a group of diseases without organic heart disease, and in-
cludes idiopathic VF (IVF; in a narrow sense) and its related dis-
orders, such as early repolarization syndrome (ERS) and short QT
syndrome (SQTS) excluding channelopathies such as Brugada syn-
drome (BrS), LQTS, and CPVT. ICD has a class | recommendation for
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any of these diseases in patients who have had at least 1 episode
of VF or cardiac resuscitation due to VF. Conversely, there is little
evidence for implantation for primary prevention in asymptomatic
cases with abnormal ECG only, and there are no clear indication cri-

teria for ICD implantation.

a. | Idiopathic VF. IVF is a disease that causes VF in patients
without an apparent organic heart disease and ECG abnormalities.
BrS is broadly included in this category; however, the IVF described
in this section refers to IVF in a narrow definition, which excludes
BrS and other diseases associated with ECG abnormalities (Table 29).
For IVF patients after cardiac arrest or VF resuscitation who are
expected to survive for at least 1 year, ICD is indicated regardless
of catheter ablation for triggering PVC and of pharmacotherapy

319) (class of recommendation I, level of evidence

such as quinidine
B). However, the risk of recurrence of VF is considered relatively
lower than in disease groups for which other causes have been
identified.>2°

Meanwhile, there is no evidence for prophylactic ICD implanta-

tion in family members of IVF patients.

b. | Early repolarization syndrome. ERS is diagnosed when there
is a J-wave or early repolarization (ER) of 20.1 mV in 22 leads on
the lower wall (Il, Ill, aVF) and/or the anterior wall (I, V4-V6) of a
12-lead ECG with a history of VF.3?* According to the 2013 EHRS/
EHRA/APHRS Expert Consensus, ERS can be diagnosed in an

TABLE 29 Recommendations and
evidence levels for ICD for idiopathic
ventricular fibrillation

ICD is recommended for patients with
documented VF or previous cardiac arrest

Yo / of O%Z/ﬁyfllia/

sudden cardiac death victim with a negative autopsy and medical
chart review with a previous ECG demonstrating typical J-point
elevation.?”” Jwaves or early repolarization (ER) are observed in 5.8%
of healthy subjects and are common in men; however, VF relapse
is known to be more common in early repolarization syndrome
(ERS) patients after VF resuscitation.®?*%% |CD implantation is
indicated for ERS patients with a history of cardiac arrest or VF
resuscitation (class of recommendation |, level of evidence B).
There are no clear criteria or evidence for primary prevention, and
it is not always possible to determine the ICD indication based on a
history of syncope, a family history of sudden death, or induction
of symptoms with electrophysiology methods, as in BrS. However,
if the patient has a history of suspected arrhythmogenic syncope,
seizures, or paroxysmal nocturnal dyspnea, and the patient's family
members have an ER pattern with a familial history of sudden
juvenile cardiac death, then ICD implantation can be considered,
after obtaining consent, if the patient expresses a preference for the
treatment (class of recommendation IIb). There is no ICD indication
for asymptomatic ER patterns. The recommendations are shown in
Table 30 and Figure 8.

c. | Short QT syndrome. The prevalence of QT shortening
(QTc <340 ms) is reported to be approximately 5 per 10,000 young
people under the age of 21 years, and there is a higher prevalence
in males. The diagnosis of SQTS is based on QTc <330 ms or
QTc <360 ms, with a genetic mutation, a family history of SQTS (SQTS

GOR LOE
COR LOE (MINDS) (MINDS)

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable
cardioverter-defibrillator; LOE, level of evidence; VF, ventricular fibrillation.

TABLE 30 Recommendations and
evidence levels for ICD in patients with
early repolarization (ER) ECG pattern

ICD is recommended for patients with
documented VF or previous cardiac arrest

ICD may be considered for patients with
arrhythmic syncope, seizure, or nocturnal
agonal respiration, and with family history of
juvenile unexplained sudden cardiac death

ICD may be considered for asymptomatic
patients with high-risk ECG pattern*, and
with family history of sudden cardiac death of
juvenile unexplained sudden cardiac death

ICD is not recommended for asymptomatic
patients with ER ECG pattern

GOR LOE
COR LOE (MINDS) (MINDS)
IVa
VI
1Va

*Extensive J-point elevation in inferior and/or lateral ECG leads, J-point elevation (0.2 mV),
J-point elevation with horizontal/descending ST-segment, dynamic circadian and/or day-by-day
variation in J-point elevation.

Abbreviations: COR, class of recommendation; ER, early repolarization; GOR, grade of
recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence; VF,

ventricular fibrillation.
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[ Early repolarization (ER) syndrome

with early repolarization (ER) pattern on

FIGURE 8 ICD indication for patients
] ECG. * High-risk ER electrocardiographic

<
(_symptomatie |

Prior cardiac arrest
or VF

Arrhythmic syncope
Seizure or nocturnal
agonal respiration

l

A strong family history of juvenile
unexplained sudden death

A 4
Class |

COR LOE

ICD is recommended for patients with
documented VF or previous cardiac arrest

ICD may be considered for patients with
SQTS (QTc <320 ms) with family history
of unexplained sudden cardiac death or
arrhythmic syncope

ICD is not recommended for asymptomatic
patients with SQTS

“C

(MINDS)

4; patterns: extensive J-point elevation at
inferior and/or lateral ECG leads, J-p[oint
elevation (20.2 mV), J-point elevation
with horizontal/descending ST-segment,
and dynamic circadian and/or day-by-day
variations in J-point elevation. ER, early
repolarization; VF, ventricular fibrillation

Asymptomatic

High-risk ER
ECG pattern*

No

v

GOR LOE TABLE 31 Recommendations and
(MINDS) evidence levels for ICD for short QT
syndrome
IVa
\|
VI

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable

cardioverter-defibrillator; LOE, level of evidence; SQTS, short QT syndrome.

in a 1st-degree relative or sudden death before age 40 years) or VT/
VF.27732% \JF frequently recurs in patients with SQTS after cardiac
arrest or VF resuscitation, and ICD implantation is recommended if
survival for >1 year is expected (class of recommendation |, level of
evidence B).3?> There is no clear evidence for primary prevention,
but ICD can be considered if SQTS patients (QTc <320 ms) with a
family history of sudden cardiac death or a history of suspected
arrhythmogenic syncope desire ICD implantation, after obtaining
adequate informed consent (class of recommendation Ilb). In
addition, although asymptomatic SQTS patients with QT shortening
of QTc <320 ms are not immediately indicated for ICD implantation,
they require regular follow-up. The recommendations are shown in
Table 31 and Figure 9.

4.5 | Subcutaneous ICD

The development of the modern ICD has contributed to expan-
sion of its usage; however, the requirement for a transvenous ap-
proach to place the leads has raised a variety of problems, including

complications associated with ICD lead insertion, lead injury, and

bacteremia associated with device infection.®?¢ The S-ICD was de-
veloped to solve these problems. Similar to the transvenous ICD, the
S-ICD consists of a generator and an ICD lead. ICD leads are often
implanted subcutaneously near the sternum, and the generator is
usually implanted between the serratus anterior muscle and the
latissimus dorsi muscle at the level of the mid-axillary and posterior
axillary lines.®?” The sensing vector is selected from 3 different vec-
tors recorded between 2 electrodes attached to the lead of 14 cm
apart, or between an electrode and the generator. Preoperative
screening tests must be performed to avoid oversensing of T waves,
and at least 1 of the 3 vectors must meet the criteria. When VT/VF is
detected by a discrimination algorithm that recognizes the rate and
QRS form, defibrillation is performed between the generator and
the coil. The energy delivered is 80 J, approximately twice that of a
transvenous ICD.

According to previous reports, the S-ICD is effective in pre-
venting sudden death.'8%310328-335 The EFFORTLESS (Evaluation
of Factors Impacting the Clinical Outcome and Cost-effectiveness
of the S-1CD) study examined complications and inappropriate ICD
therapies in 985 S-ICD patients who had been followed for >1 year.

The rates of complications associated with the S-ICD system and
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FIGURE 9 ICD indication for patients
; . QTc <330 ms or
with short QT syndrome (SQTS). ™ QTc <360 ms with a pathogenic mutation, family history of SQTS" or VT/VF
short-QT syndrome (SQTS) or sudden
death under 40-year-old within the I I
second-degree relatives. ICD, implantable Prior Cafd\i/a'f arrest [ QTc <320 ms j
cardioverter-defibrillator; SCD, sudden or l
cardiac death; SQTS, short QT syndrome; Arrhythmic syncope or Family history of SCD
VF, ventricular fibrillation

ICD (Class I)

TABLE 32 Recommendations and
evidence levels for subcutaneous ICD
(S-1CD)

|+

Patient wants to be implanted with ICD after
receiving a sufficient informed consent

A 4 A 4

Periodic follow-up

GOR LOE
(MINDS)

COR LOE (MINDS)

ICD is recommended for patients who meet the B IVa

criteria for ICD implantation who have inadequate
vascular access or a high risk for infection, and in
whom pacing for bradycardia or VT termination or
as part of CRT is neither needed nor anticipated

ICD should be considered for patients who meet
the criteria for ICD implantation, if pacing for
bradycardia or VT termination or as a part of CRT
is neither needed nor anticipated

ICD may be considered for patients who meet the
criteria for ICD implantation who have inadequate
vascular access, young age, or a high risk for

infection

IVa

Abbreviations: COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR,
grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence; VT,

ventricular tachycardia.

procedure were 4.1% at 30 days and 8.4% at 360 days.>® The
inappropriate ICD therapy rate was 8.1% at 1 year and 11.7% at
3.1 years; the appropriate ICD therapy rate was 5.8% at 1 year and
13.5% at 5 years; and the sinus rhythm recovery rate for sponta-
neous VT/VF was 97.4%. In addition to the dual-zone programming,
a high-pass filter that suppresses T-wave oversensing reduced the
inappropriate ICD therapy rate to 4.3% at 1 year.336 The inappro-
priate ICD therapy rate of the S-ICD is considered to be equivalent
to that reported in recent studies using the program recommended
for intravenous ICD (2.3%-5% per year).337 %% Lead injury and bac-
teremia, which are problems of intravenous ICD, were not reported
in the EFFORTLESS study.

The S-ICD is considered suitable for patients without venous
access, young patients, immunocompromized patients, and pa-
tients who underwent removal of transvenous devices (Table 32).
Conversely, it is not suitable for bradyarrhythmia patients who need
pacing, patients who need CRT, and patients with VT that can be
terminated with antitachycardia pacing. However, there are several

340-344

case reports on the successful combination of the S-ICD and

a pacemaker or leadless pacemaker, such as after the elimination of

infection, when venous access is difficult, or when a pacemaker was
previously implanted. But, regarding this issue, further studies are
expected in the future.

Although S-ICDs may have an important role in primary pre-
vention, no studies have shown long-term results, and a RCT3* is

ongoing.

5 | Cardiac resynchronization therapy
51 | CRT

Introduction
Heart failure (HF) is often complicated by intraventricular conduc-
tion disturbance, and dyssynchrony in atrioventricular, intraventricu-
lar, and interventricular conductions. CRT resolves dyssynchrony,
prevents worsening of HF, or improves cardiac function, subjective
symptoms, and prognosis.

According to previous clinical studies,3*%*' CRT is effec-

tive for moderate to severe HF, even after sufficient optimized
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pharmacotherapy, with reduced LVEF and a QRS width 2120-150 ms
The effect differs depending on the conduction disturbance (bundle
block type). Although diagnostic imaging such as echocardiography
is expected to be useful in evaluating dyssynchrony, its utility has
not been proven in large-scale studies. CRT is effective not only for
patients with NYHA class Il or IV, but also for those with class Il
HF if they meet the indication criteria. It is also useful for patients
with AF if a high percentage of biventricular pacing can be achieved.
The placement of the left ventricular lead depends on the anatomical
characteristic of the coronary veins; thus, surgical lead placement is
sometimes performed. If CRT is not effective, various factors are
considered, including appropriate programming, improvement of
percentage of biventricular pacing, pacing site change, or multipoint
(multisite) pacing.

5.1.1 | CRTindication based on NYHA class

a. | Indication for NYHA class IlI-IV. In the 1990s, CRT was
started for the treatment of HF with dyssynchrony of left
ventricular contraction.?#4*#” Since 2001, RCTs on CRT have been
performed mainly in patients with severe HF with NYHA class
I1-1V, resistant to pharmacotherapy, with LVEF <35% and sinus
rhythm QRS width 2120 ms?1¢348355 The results showed that
CRT improved QOL, including exercise tolerance, reduced the left
ventricular diameter (improved left ventricular remodeling), and
increased the LVEF. In addition, the COMPANION study showed a
significant reduction in total mortality or hospitalization for HF,?¢
and CARE-HF (Cardiac Resynchronization in Heart Failure) showed
a significant reduction in total mortality.3>> A meta-analysis also
showed that CRT reduced the total mortality by 26%.%°¢ However,
the introduction of CRT should be considered before HF becomes
severe because CRT has been reported to be less effective in
patients with NYHA class IV.%%7

NYHA  class  I-ll. The REVERSE
Systolic Left
Ventricular Dysfunction) study in patients with mild HF showed
that CRT improved LVEF and reduced the risk of hospitalization
for HF in patients with HF of NYHA class | or Il, LVEF <40%, and
QRS width 2120 ms®>® In the MADIT-CRT study, ICD with CRT
(CRT-D) significantly reduced the total mortality or hospitalization
for HF compared with ICD for patients with HF of NYHA class |
or Il, LVEF <30%, and QRS width 2130 ms (hazard ratio (HR) 0.59,
95% confidence interval (Cl) 0.47-0.74, P < .001).% The RAFT
(Resynchronization for Ambulatory Heart Failure Trial) study

b. | Indication for

(Resynchronization Reverses Remodeling in

included patients with NYHA class Il or Il who had a slightly more
severe condition than those included in MADIT-CRT; however,
the other registration criteria were almost the same (LVEF <30%,
QRS width 2120 ms). The total mortality or event-free rate of HF
was significantly better with CRT-D (HR 0.75, 95% Cl 0.64-0.87,
P < .001), with an improvement in overall mortality (HR 0.75, 95%
C10.62-0.91, P = .003).3¢°

A subgroup analysis of both studies showed that CRT was highly
effective in patients with NYHA class Il and QRS width 2150 ms

(especially left bundle block). Therefore, CRT is considered useful in
patients with HF symptoms of NYHA class Il or higher and HF with
left ventricular dysfunction (LVEF <30%) and QRS width 2150 ms

c. | CRT effect according to QRS waveform and QRS width. Even
with CRT, it has been found that about 30%-40% of patients become
non-responders in whom CRT no longer exerts a sufficient effect.
A meta-analysis of the QRS waveform showed that CRT is useful
only in patients with CLBBB waveform.3¢! Concerning CRT efficacy
in patients with right branch block, a subanalysis of the MIRACLE
(Multicenter In Sync Randomized Clinical Evaluation) study®*’
showed improvement in cardiac function and QOL, especially
in cases of left anterior or posterior hemiblock.’®?> However, an
integrated analysis of MIRACLE** and CONTAK-CD (VENTAK®
CHF/CONTAK® CD/EASYTRAK® Biventricular Pacing Study)3°3
concluded that the effect of CRT was not sufficient in cases of right
branch block;3¢® thus, care should be taken when indicating this
treatment.

In contrast, many clinical studies target patients with QRS
width 2120 ms; however, in COMPANION?' and CARE-HF,%>° the
mortality rate was significantly reduced in patients whose QRS
width was 2148 or 2160 ms, respectively. From the perspective
of mortality, the effect is more remarkable in patients with a wide
QRS (2150 ms). A meta-analysis®** and the DESIRE (Daivobet®/
Dovobet® Experience Study In Regions of Europe) study365 re-
ported that CRT improved the QOL and LVEF in patients with HF in
whom dyssynchrony was detected with echocardiography studies,
despite a relatively narrow QRS width. Conversely, the effective-
ness of CRT was not confirmed in the RethinQ (Resynchronization
Therapy in Narrow QRS) study, which investigated patients with
HF who had dyssynchrony on echocardiography with NYHA class
I, LVEF <35%, and QRS width <130 ms®%® Although the efficacy
of CRT for patients with a relatively narrow QRS is still a matter
of controversy, the EchoCRT (Echocardiography Guided Cardiac

367 published in 2013, compared

Resynchronization Therapy) study,
the clinical outcomes of patients with HF of NYHA class Il or 1V,
dyssynchrony on echocardiography, and a QRS width <130 ms who
were randomly divided into CRT-on and CRT-off groups. There was
no significant difference between the 2 groups in total mortality
or the incidence hospitalization for HF (HR 1.2, 95% Cl 0.92-1.57,
P =.15).

On the basis of these results, it can be concluded that CRT
has little effect in patients with a relatively narrow QRS width
(QRS <130 ms).3¥3%8 However, most of the previous RCTs and meta-
analyses demonstrating the effectiveness of CRT for CLBBB used
registration criteria including QRS width 2120 ms Studies since 2013
have shown that drug treatment for HF is less effective in CLBBB pa-

tients than in non-CLBBB patients,369

and that septal flash, which is
an echocardiographic index predicting the effectiveness of CRT, was
recognized in >60% of female CLBBB patients with a small body sur-
face area, even in patients with 120 < QRS < 130 ms3’° Furthermore,
a subanalysis of EchoCRT, which had demonstrated negative results

for CRT indication for QRS widths <130 ms, conversely suggested
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the usefulness of CRT in patients with a small left ventricular end-
diastolic volume.®”?

In view of the new findings in recent years and the charac-
teristics of Japanese patients, who tend to be smaller than their
Western counterparts, CRT can be considered useful for CLBBB
patients with 120 < QRS < 130 ms After summarizing all the re-
sults, we concluded that the lower limit of the QRS width should
be set at 120 ms in the CRT indication criteria in this guideline. It
should be noted, however, that clinical evidence has been estab-
lished for patients with QRS width 2130 ms As shown in Table 33,
there are differences among guidelines in terms of the indication
level of CRT based on QRS width in CLBBB patients, and there is
currently no fixed consensus on this matter.31:368:372-374 The rec-

ommendations are shown in Table 34.

d. | Optimization of pharmacotherapy. Drug therapy such as
beta-blockers may improve cardiac function and generate reverse
remodeling of the left ventricle in patients with HF. Therefore,
the indications for treatment should be considered after
sufficient pharmacotherapy. CRT, in particular, is not indicated
within 3 months after revascularization or within 3 months after
the introduction of new pharmacotherapy for HF, except for
special reasons. Meanwhile, the dose of beta-blockers can be

increased after CRT induction in some patients;375

thus, it may be
indicated in situations in which maximization of the dose cannot

be achieved.

5.1.2 | CRT for patients with heart failure and with indication of
bradycardia pacing

It has been reported that right ventricular pacing increases the in-
cidence of AF and HF when pacemakers are indicated for patients
with reduced cardiac function or bradycardia.®’®*”” The BLOCK HF
(Biventricular vs. Right Ventricular Pacing in Heart Failure Patients

with Atrioventricular Block) study378

compared the effects of CRT
and right ventricular pacing in patients with indications for brady-
cardia pacing with atrioventricular block, NYHA class I, I, or Il HF,
and LVEF <50%. Over a mean observation period of 37 months, CRT
significantly reduced the worsening of total mortality, acute HF, and
left ventricular remodeling (HR 0.74, 95% Cl 0.60-0.90, P < .001).
Furthermore, a recent meta-analysis showed that biventricular pac-

ing is clinically more useful than right ventricular pacing in patients

TABLE 33 Recommendations for CRT
in patients with clbbb in other guidelines

Guideline

ESC 2016°¢8
ESC/EHRA 2013%
ACCF/AHA 2013°7
CCS 2017%74
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who require bradycardia ventricular pacing and have LVEF >35%.%77

On the basis of these results, CRT should be considered for patients
with reduced cardiac function and who newly require ventricular
pacing.

Heart failure may be exacerbated in patients who depend on
right ventricular pacing by pacemaker or ICD. The HOBIPACE
(Homburg Biventricular Pacing Evaluation)®®® and RD-CHF®®!
studies compared the effects of right ventricular pacing and biven-
tricular pacing in patients with impaired cardiac function after de-
vice implantation, and demonstrated the usefulness of switching
(upgrading) to CRT. Several subsequent retrospective or prospec-
tive studies, although small in scale, have reported that upgrading
to CRT improves HF when patients with HF present with pro-
longed right ventricular apical pacing.®®2%8 The recommendations
are shown in Table 35.

5.1.3 | CRT for AF
Most clinical trials of CRT are performed in patients with sinus
rhythm, and there is no consensus on the effects of CRT on AF
patients. However, patients with chronic HF often have AF, and it
is found in approximately one-quarter of patients with CRT.38438>
In a subanalysis of the MADIT-CRT study, patients with left
branch block and a history of supraventricular tachyarrhythmia,
LVEF <30% excluding NYHA class IlI-1V, and QRS width 2130 ms
were classified into an ICD group and CRT-D group and compared
for HF or mortality rate. The results indicated that events were
significantly inhibited in the CRT-D group.®®¢ However, a RAFT
subanalysis compared death or hospitalization for HF in patients
with permanent AF and NYHA class II- Ill, LVEF <30%, and QRS
width 2120 ms, who were randomly assigned to ICD and CRT-D
groups. There was no significant difference between the 2 groups
in the incidence of events, and the usefulness of CRT in patients
with permanent AF and HF was not proven.®” In addition, a suba-
nalysis of the COMPANION study did not indicate the usefulness
of CRT in a comparison of the onset of the above events with a
drug treatment group of patients with a history of AF/atrial flutter
according to NYHA class I11-1V.388

The reasons why CRT is less effective in AF patients include
inability to restore atrioventricular synchrony and a decrease in
the percentage of biventricular pacing due to increased atrio-

ventricular conduction (AF tachycardia). A high percentage of

QRS (ms)

120-129 130-149 2150

NYHA NYHA NYHA NYHA NYHA NYHA
-1v 1] -1V 1] -1V 1]

I} I | | | |

| | | | | |

Ila Ila Ila Ila | |

Abbreviation: NYHA, New York Heart Association class.
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TABLE 34 Recommendations and evidence levels for CRT

NYHA class IlI-1V

CRT is recommended for patients who meet all of the following criteria:

1. Receiving optimal medical therapy
2. LVEF <35%

3. LBBB with QRS duration 2120 ms
4. Sinus rhythm

CRT should be considered for patients who meet all of the following criteria:

1. Receiving optimal medical therapy

2. LVEF <35%

3. Non-LBBB with QRS duration 2150 ms
4. Sinus rhythm

CRT may be considered for patients who meet all of the following criteria:

1. Receiving optimal medical therapy

2. LVEF <35%

3. Non-LBBB with QRS duration 120-149 ms
4. Sinus rhythm

NYHA class Il

CRT is recommended for patients who meet all of the following criteria:

1. Receiving optimal medical therapy
2. LVEF <30%

3. LBBB with QRS duration 2150 ms
4. Sinus rhythm

CRT should be considered for patients who meet all of the following criteria:

1. Receiving optimal medical therapy

2. LVEF <30%

3. Non-LBBB with QRS duration 2150 ms
4. Sinus rhythm

CRT is reasonable should be considered for patients who meet all of the following criteria:

1. Receiving optimal medical therapy

2. LVEF <30%

3. LBBB with QRS duration 120-149 ms
4. Sinus rhythm

CRT may be considered for patients who meet all of the following criteria:

1. Receiving optimal medical therapy

2. LVEF <30%

3. Non-LBBB with QRS duration 120-149 ms
4. Sinus rhythm

NYHA class -1V

CRT is not recommended for patients who meet either of the following criteria:

1. Limited physical activity due to chronic disease
2. Predicted life expectancy < 12 months

GOR LOE
(MINDS)

COR LOE (MINDS)

C2 \4

Abbreviations: COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR, grade of recommendation; LBBB, left bundle branch
block; LOE, level of evidence; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
[Correction added on 29 June, after first online publication: '2. Predicted life expectancy < 1 12 months' under 'NYHA class |-1V' has been amended

to '2. Predicted life expectancy < 12 months']

biventricular pacing during CRT, irrespective of the presence
of AF, has been shown to reduce total mortality and hospital
admission for HF,%82%%0 and the 2015 American HRS/EHRA/
APHRS/Latin American Society of Electrophysiology and
Cardiac Stimulation (SOLAECE) Expert Consensus Statement
recommends a percentage of biventricular pacing of 298%.%%
Therefore, it is important to suppress atrioventricular conduc-
tion when a high percentage of biventricular pacing cannot be

assured because of AF tachycardia, and if pharmacotherapy is

not sufficiently effective, atrioventricular node ablation or abla-
tion for AF should be considered.®?

According to CERTIFY (Cardiac Resynchronization Therapy in
Atrial Fibrillation Patients Multinational Registry), an international
prospective study on CRT patients, AF patients who underwent
atrioventricular node ablation had better prognosis than AF patients
treated with pharmacotherapy only, and had a survival outcome sim-
ilar to that of sinus rhythm patients.>?? The recommendations are
shown in Table 36.
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TABLE 35 Recommendations and evidence levels for CRT in patients with reduced LV systolic function and indication for ventricular
pacing, or who have a high percentage of RV pacing after implantation of a pacemaker or an ICD

GOR LOE
COR LOE (MINDS)  (MINDS)

NYHA class IlI-1V

CRT should be considered for patients who meet all of the following criteria: lla
1. Receiving optimal medical therapy
2. LVEF <50%
3. Indicated for pacing or ICD
4. Expected to require a high percentage of ventricular pacing

CRT should be considered for patients who meet all of the following criteria: lla IVa
1. Receiving optimal medical therapy

2. LVEF <35%

3. Developing HF and having a high percentage of RV pacing after implantation of a pacemaker

oran ICD
NYHA class Il

CRT should be considered for patients who meet all of the following criteria: lla
1. Receiving optimal medical therapy
2. LVEF <50%
3. Indicated for pacing or ICD
4. Expected to require a high percentage of ventricular pacing

CRT should be considered for patients who meet all of the following criteria: lla 1Va
1. Receiving optimal medical therapy

2. LVEF <35%

3. Developing HF and having a high percentage of RV pacing after implantation of a pacemaker

oran ICD
NYHA class |

CRT may be considered for patients who meet all of the following criteria: 119)
1. Receiving optimal medical therapy
2. LVEF < 50%
3. Indicated for pacing or ICD
4. Expected to require a high percentage of ventricular pacing

Abbreviations: COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR, grade of recommendation; HF, heart failure; ICD, implantable
cardioverter-defibrillator; LOE, level of evidence; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; RV, right ventricular.
[Correction added on 29 June, after first online publication: '2. LVEF < 50%' under 'NYHA class I' has been amended to '2. LVEF < 50%']

TABLE 36 Recommendations and

. e . GOR LOE
:‘Qdence levels for CRT in patients with NYHA class I11-1IV COR LOE (MINDS) (MINDS)
CRT should be considered for patients who lla B 1l

meet all of the following criteria:
1. Receiving optimal medical therapy
2. LVEF <35%
3. LBBB with QRS duration 2120 ms or non-
LBBB with QRS duration 2150 ms
4. Expected to achieve a high percentage of
biventricular pacing during AF

It should be considered for AF patients to receive  lla 1Va
a strategy to ensure the highest achievable
percentage of biventricular pacing, preferably

near 100%

CRT may be considered for patients with reduced 11b
LV systolic function in whom AV node catheter
ablation is required to control heart rate

Abbreviations: AF, atrial fibrillation; AV, atrioventricular; COR, class of recommendation; CRT,
cardiac resynchronization therapy; GOR, grade of recommendation; LBBB, left bundle branch
block; LOE, level of evidence; LVEF, left ventricular ejection fraction.

[Correction added on 29 June, after first online publication: '3. LBBB with QRS duration 2150 ms
or...'under 'NYHA class llI-IV' has been amended to '3. LBBB with QRS duration 2120 ms or ...]
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5.1.4 | Summary of CRT indications
Table 37 lists the classes of recommendation and associated condi-

tions for CRT indication.

5.2 | CRT-D
A meta-analysis of RCTs on CRT was published in 2006, and showed
that CRT significantly suppressed death from HF but did not prevent
sudden cardiac death.>® However, a subsequently published long-
term follow-up of CARE-HF (comparing the effect of CRT with phar-
macotherapy) showed that CRT significantly reduced HF deaths by
45% and sudden deaths by 46%. This suggests that CRT not equipped
with ICD may also have a protective effect against sudden death.%7

CRT-D has the function of terminating life-threatening arrhyth-
mias with electrotherapy and may further reduce the risk of sudden
death in patients with CRT.}?7178:200.205 |, COMPANION, a pro-
spective study of HF patients with QRS width 2120 ms and NYHA
class llI-1V, the sudden cardiac death rate (per 100 persons per
year) was 5.9 and 2.2 in the CRT and CRT-D groups, respectively.216
Furthermore, in a prospective enrollment and observational study
at 4 European institutions, CRT-D reduced sudden cardiac death by
96% (P < .002) compared with CRT.3%>

Thus, CRT-D may be more effective than CRT from the perspec-
tive of preventing sudden cardiac death; however, it must be noted
that no significant difference in total mortality has been observed
between the 2 devices in any clinical trial.?'*%?> A Danish study that
prospectively evaluated the efficacy of ICDs in patients with non-
ischemic HF did not find a significant difference in total mortality be-
tween groups.?!® Therefore, cost-effectiveness should be duly taken
into account when considering the indications for expensive CRT-D.
According to European guidelines, CRT-D is indicated if good physi-
cal function can be expected for 21 year.3“"8 It is necessary to select
the type of CRT after considering the necessity of ICD function, the
patient's status, and the patient's condition (age, sex, severity of HF,
life expectancy, ischemia, renal function, comorbidities, frailty, etc)

for cases indicated for CRT.

TABLE 37 Summary of recommendations for CRT

5.3 | CRT/CRT-D using epicardial electrodes
The transvenous approach is the standard method for left
ventricular lead placement in adult patients undergoing CRT.
However, there have been cases of unsuccessful left ventricu-
lar lead placement with the transvenous approach because of
coronary sinus anatomy, phrenic nerve stimulation, high pacing
thresholds, and lead instability within the coronary sinus.??¢%%7 In
the early 2000s, unsuccessful placements occurred in about 10%
of cases:>?¢%%7 however, the recent advent of new devices, such
as cardiac vein access devices (various guiding sheaths, guide-
wires) and left ventricular leads (over the wire, quadrupoles), has
reduced the unsuccessful rate of left ventricular lead placement
to around 2%-3%.%8

However, this method has not completely eliminated unsuccess-
ful placement, and an epicardial approach has been considered for
placement of the left ventricular lead. The epicardial method is also
useful in CRT for children.®?? Several reports have concluded that
the transvenous and epicardial approaches have similar effects of
improving cardiac function with CRT,#00-403

Placement of epicardial electrodes requires a surgical procedure,
including the standard left thoracotomy, thoracotomy with a small
incision as a minimally invasive method,*®* and thoracoscopic meth-
0ds.*9>4% There are no major issues in the technical safety of place-

ment of the epicardial electrodes,*04-406

and it has been reported
that there are no problems with the performance and durability of
epicardial leads.*®> However, it is necessary to consider the risk of
general anesthesia. It is assumed that the effect of epicardial CRT
on cardiac function is the same as that of transvenous CRT. The
advantage of epicardial electrode placement is that electrodes can
be placed at optimal sites regardless of the location of the coronary
veins, and the myocardial properties of the pacing site and the fix-
ation of the electrodes can be visually confirmed.*?’ If a patient is
receiving CRT while undergoing other cardiac surgery, epicardial
electrode placement may be considered after ascertaining the loca-

tion of the coronary veins.

NYHA class Optimal medical therapy LVEF (%) QRS morphology QRS duration (ms) Rhythm COR
- o <35 LBBB 2120 SR |
o <35 Non-LBBB 2150 SR Ila
o <35 Non-LBBB 120-149 SR IIb
Il o <30 LBBB 2150 SR |
o <30 Non-LBBB 2150 SR Ila
o <30 LBBB 120-149 SR lla
o <30 Non-LBBB 120-149 SR IIb
-1 o <35 LBBB 2120 AF Ila*
o <35 Non-LBBB 2150 AF Ila*
-1V Patients who have limited physical activity due to chronic disease, or with life expectancy <12 months 11

*Expected to achieve high percentage of biventricular pacing.

Abbreviations: AF, atrial fibrillation; COR, class of recommendation; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; NYHA,

New York Heart Association; SR, sinus rhythm.

[Correction added on 22 June, after first online publication: 'QRS morphology' column has been amended with correct information.]
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6 | Transcutaneous lead extraction

Lead extraction is considered an important treatment for infections
and other complications of implantable cardiac electrical devices.
Procedures include percutaneous lead extraction using devices such
as snares and sheaths, as well as surgical lead extraction through
thoracotomy and open-heart surgery.‘“)s*409 In the USA and Europe,
percutaneous lead removal devices have been used since the 1990s.
However, in Japan, devices have been approved for insurance cov-
erage at different times: the excimer laser sheath (Philips) in 2010,
lead locking device (Philips) in 2011, mechanical sheath snare
(Cook Medical) in 2015, and the Rotation Dilator Sheath Set (Cook
Medical) in 2018. The medical fees for percutaneous lead extraction
procedures were newly established in 2012. Japan has a time lag
of >10 years compared with Europe and the USA. However, these
devices have gradually become widely used, and the number of fa-
cilities and patients are increasing.

The indications for lead extraction are broadly classified as in-
fectious or non-infectious (Tables 38,39).%°1410411 With infectious
indications, it is generally recommended to remove the entire device
system. With non-infectious indications, the recommendation varies
depending on the pathology. Indications should not be determined
solely based on the pathology; rather, it is necessary to consider fac-
tors such as the patient's age, body size, comorbidities, number of
years with the lead in place, number of leads, type of lead, and pref-
erence, as well as the operator's experience. When determining the
indication, it is necessary to compare the risk of extraction with the
risk of no extraction. If the risk of no extraction is high, it is possible
to perform the operation in any situation; thus, the class of recom-

mendation Il (grade C2, D) is not set.

TABLE 38 Recommendations and
evidence levels for patients with infection
of CIED system

Complete device and lead removal is
recommended for all patients with valvular
endocarditis without definite involvement of
the lead and/or device

Complete device and lead removal is
recommended for all patients with definite
CIED system infection. Complete device and
lead removal for all patients with valvular
endocarditis without definite involvement of
the lead and/or device

Complete device and lead removal is
recommended for patients with persistent
or recurrent bacteremia or fungemia, despite
appropriate antibiotic therapy and no other
identifiable source for relapse or continued

infection

In the JCS guideline on infective endocarditis,
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Percutaneous lead extraction procedures include simple trac-
tion, whereby the lead is removed by simply pulling it out; insertion
of a lead locking device into the lead (stylet lumen) followed by trac-
tion; and use of a special sheath to detach adhesions between the
lead and blood vessels and the heart. The types of sheaths include
mechanical sheaths (stainless steel, polypropylene, polytetrafluoro-
ethylene) with a simple telescope structure, laser sheaths that can
emit an excimer laser from the tip, and sheaths that rotate like a drill
at the tip. These methods are used when extracting the lead from
the implantation site. When extracting the entire lead or a part of a
broken lead from the femoral vein, internal jugular vein, or locations
other than the device implantation site, a snare that grips the lead
is used.

It is desirable to use these various medical devices for lead ex-
traction based on their characteristics and features, and the medical
economic aspects (price of single-use medical devices and excimer
laser generators, as well as procedure fees). However, in Japan, be-
cause cutting-edge and high-cost laser sheath removal has been in-
troduced ahead of other procedures, it is favour to use. When the
introduction of medical equipment for lead extraction is completed
and has reached the levels of practice in the USA and Europe, it will
be necessary to reconsider the selection of extraction methods.

In addition to hemorrhagic complications such as cardiac tam-
ponade, hemothorax, and wound bleeding, serious complications
can occur during lead extraction, including cardiac injury, valve in-
jury, arrhythmias (such as atrioventricular block, VT, and VF), and
embolism (thrombus, air embolism, infectious cardiac vegetation,
and lead fragments). Emergency surgery may be required, espe-
cially when hemorrhagic complications occur; thus, a cardiovascu-

lar surgeon's support is needed. The clinical results (success rate,

GOR LOE
(MINDS)

COR LOE (MINDS)

40 part of the recommendation level is inconsistent

with that in this guideline, because the recommendations for surgical removal and cardiac
vegetation are described in the JCS guideline on infective endocarditis.

Abbreviations: CIED, cardiac implantable electronic device; COR, class of recommendation; GOR,
grade of recommendation; LOE, level of evidence.
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TABLE 39 Recommendations and evidence levels for patients without infection of CIED system
GOR LOE
COR LOE (MINDS) (MINDS)
A. Chronic pain Device and/or lead removal should be considered for patients with lla C VI
severe chronic pain at the device or lead insertion site, or believed to be
secondary to the device, which causes significant patient discomfort, is
not manageable by medical or surgical techniques, and for which there is
no acceptable alternative.
B. Thrombosis/ Lead removal is recommended for patients with clinically significant C \|
vascular issues thromboembolic events attributable to thrombus on a lead or a lead
fragment that cannot be treated by other means
Lead removal is recommended for patients with SVC stenosis or occlusion C \|
that prevents implantation of a necessary lead.
Lead removal is recommended as part of a comprehensive plan for C VI
maintaining patency for patients with SVC stenosis or occlusion with
limiting symptoms
Lead removal is recommended for patients with planned stent deployment C VI
in a vein already containing a transvenous lead, to avoid entrapment of
the lead
Lead removal should be considered for patients with ipsilateral venous lla C Vv
occlusion preventing access to the venous circulation for required
placement of an additional lead
C. Other Lead removal is recommended for patients with life-threatening C VI
arrhythmias secondary to retained leads
Lead removal should be considered for patients with a CIED location that lla C VI
interferes with the treatment of a malignancy
Lead removal should be considered for patients if CIED implantation would  lla C \%
require >4 leads on one side or >5 leads through the SVC
Lead removal should be considered for patients with an abandoned lead lla C \|
that interferes with the operation of a CIED system
Lead removal should be considered for patients to facilitate access to MRI*  lla C VI
Lead removal may be considered for patients with leads that due to their I1b C \%
design or their failure pose a potential future threat to the patient if left
in place
Lead removal may be considered in the setting of normally functioning 11b C \|

non-recalled pacing or defibrillation leads for selected patients after a

shared decision-making process

*Recommendation level to facilitate access to MRI has been demoted to class llb indication in the Heart Rhythm Society expert consensus in 2017.

This decision was based on recently established methods*!*

and safety®®®! to obtain MRI imaging with MRI non-conditional devices. However, in this

guideline, we still recommend class Ila because general consensus has not been obtained in Japan.

Abbreviations: CIED, cardiac implantable electronic device; COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence;

SVC, superior vena cava.

complications, etc.) in the USA and Europe have been reported in
the LExICON (Lead Extraction in the Contemporary Setting)412 and

Y43 studies,

ELECTRa (European Lead Extraction Controlled Registry.
respectively.

The physician and institutional requirements for performing lead
extraction procedures are set forth in the Japanese Heart Rhythm
Society Statement. The Guidelines for Prevention and Treatment of

Infective Endocarditis (2017 revision)*'°

also include descriptions of
the same pathological conditions as in this guideline with respect
to lead extraction, although some classes of recommendation differ
between the guidelines, because the Guidelines for Prevention and
Treatment of Infective Endocarditis also consider surgical removal

procedures and cardiac vegetation.

7 | CIEDs in children and patients with congenital
heart disease

7.1 | Pacemakers in children and patients with
congenital heart disease

The indications for pediatric pacemakers are (1) symptomatic sinus
bradycardia, (2) bradycardia-tachycardia syndrome, and (3) ad-
vanced or complete AV block. The pediatric pacemaker indications
for these arrhythmias are similar to those for adults; however, there
are problems specific to children and patients with congenital heart
disease: (1) in children, the criteria for bradycardia vary with age; (2)

itis necessary to set the heart rate and AV interval according to each
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individual in patients with congenital heart disease;*1>4%¢ (3) trans-
venous endocardial lead implantation is sometimes difficult in small
infants and patients with congenital heart disease for whom access
to the heart from the vein is anatomically difficult, so it is necessary
to consider transthoracic epicardial leads; and (4) most of the levels
of evidence are C because RCTs have not been performed for chil-
dren and patients with congenital heart disease.

In general, symptomatic bradycardia (heart rate <40 beats/min
or cardiac arrest for 23 s) is an indication for pacemaker implanta-
tion. 118130417 Reports indicate that sinus dysfunction as a complica-
tion of sustained or atrial reentrant atrial tachycardia in congenital

418,419

heart disease has a high mortality rate, and long-term atrial pac-

ing and atrial antitachycardia pacing have been reported to be effec-

tive in preventing and terminating atrial reentrant tachycardia.*?%42!

423 should be considered in cases in

Catheter ablation*?? and surgery
which circulatory and arrhythmic improvements can be expected.
Although it is difficult to determine the pacemaker indications
for asymptomatic complete congenital AV block, indications should
be considered in reference to the mean heart rate, cardiac arrest
time, complex cardiac malformations, QT time, exercise tolerance,
and other factors.*?44? Although some studies have found that
implanting a pacemaker in asymptomatic patients with congenital
complete AV block is effective in improving long-term survival and

427,428

preventing syncope, there have also been reports of autoim-

mune myocardial damage after pacemaker implantation and heart

failure due to pacemaker-induced cardiac dyssynchrony;*??432

therefore, follow-up evaluation of cardiac function is important.
Complete AV block after surgery for congenital heart disease

433

is known to have a poor prognosis,” > and cases of advanced AV

TABLE 40 Differences between
transvenous endocardial leads and
transthoracic epicardial leads
Applicable age

Condition

Venous obstruction

Pacing site

Implantation technique

Lead durability
(cumulative freedom
from lead failure)

Cause of lead failure

MRI-conditional devices
(As of November, 2017)

Possibility of cardiac
strangulation
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block that are unlikely to recover or cases of complete AV block
are assigned to class | recommendation.*** Transient periop-
erative AV block has been reported to progress to complete AV
block several years or decades later, and may increase the risk of
sudden death.*3>4%” Moreover, if progressive PR prolongation oc-
curs with a bifascicular block, it can progress to advanced or com-
plete AV block,**® and patients with intermittent AV block and a
history of unexplained syncope are considered to have class lla
recommendation.

It has been reported that right ventricular pacing affects left ven-
tricular function in adults:**° however, in children with congenital
complete AV block, the pacing lead position is related to the sub-
sequent pump function, contraction efficiency, and left ventricular
synchrony, and reports have shown that positioning the pacing lead
at the left ventricular apex or the left ventricular medial wall has a
superior effect.**% It has also been reported that the incidence of
non-ischemic cardiomyopathy after the implantation of a pacemaker
for congenital complete AV block depends on the pacing lead loca-
tion, and left ventricular pacing does not cause non-ischemic cardio-
myopathy.*32 On the basis of these findings, the left ventricular apex
is considered the first choice when implanting an epicardial lead in
a patient with AV block, and the right ventricular free wall should
be avoided as much as possible.**442 The differences between
transvenous endocardial leads and transthoracic epicardial leads are
shown in Table 40.442444-456

The recommendations for pacemaker implantation for pediatric
and congenital heart disease according to the 2012 ACC Foundation
(ACCF)/AHA/HRS Guidelines,'*® 2013 ESC Guidelines,*” 2013
European Heart Rhythm Association (EHRA)/Association for

Transthoracic

Transvenous endocardial lead epicardial lead

Depending on the institution No limitation
>10-20 kg in Western countries**?

From newborn infants in several reports**°

Generally contraindicated in patients with No limitation
intracardiac shunts*4®

Feasible vascular access

Possibility of venous obstruction or None
thromboemboli*#”

Limitation of the number of implantable leads

Localized Selectable

Less invasive More invasive

Better (adults 10 years: 96.6-99.9%*48,
pediatric cardiology population 5 years:
84-899%449450)

Less (5 years:
34-9504449-455)

442

Insulation breaks, dislodgemen Lead fracture,

exit block*”

Available Unavailable

456

None Possible

(Adapted from Miyazaki, 2014444)
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European Paediatric and Congenital Cardiology (AEPC) Consensus 7.2 | ICDs in children and patients with congenital

Statement,**?> and 2014 American Pediatric and Congenital heart disease
Electrophysiology  Society (PACES)/HRS Expert Consensus

Statement®® are shown in Table 41.114116.118,130416-418,421,424-430,43 ICDs are rarely indicated in children and patients with congenital

3-436,438,442,446,459-464

heart disease, and most cases of ICD implantation are performed

TABLE 41 Recommendations and evidence levels for pacemaker implantation in children and patients with congenital heart disease

GOR
COR LOE (MINDS)

Permanent pacemaker implantation is recommended for patients with advanced 2nd- or 3rd-
degree AVB associated with symptomatic bradycardia, ventricular dysfunction, or low cardiac
output

Permanent pacemaker implantation is recommended for patients with sinus node
dysfunction with correlation of symptoms during age-inappropriate bradycardia including
bradycardia-tachycardia syndrome (definition of bradycardia varies with the patient's age
and expected heart rate). (Sinus node dysfunction due to secondary to antiarrhythmic drugs
is included)

Permanent pacemaker implantation is recommended for patients with congenital 3rd-degree
AVB with a wide QRS escape rhythm, complex ventricular ectopy, ventricular dysfunction, or
prolongation of QTc

Permanent pacemaker implantation is recommended for patients with congenital 3rd-degree
AVB in infants with a ventricular rate < 55 beats/min or with congenital heart disease and a
ventricular rate < 70 beats/min

Permanent pacemaker implantation is recommended for patients with postoperative advanced
2nd- or 3rd-degree AVB that is not expected to resolve

Permanent pacemaker implantation should be considered for patients with congenital 3rd-degree
AVB beyond the first year of life with an average heart rate <50 beats/min, abrupt pauses in
ventricular rate that are 2- or 3-fold the basic cycle length, or associated with symptoms due to
chronotropic incompetence

Permanent pacemaker implantation should be considered for patients with sinus bradycardia with
complex congenital heart disease with a resting heart rate <40 beats/min or pauses in ventricular
rate 23 s

Permanent pacemaker implantation should be considered for patients with congenital heart
disease and impaired hemodynamics due to sinus bradycardia or loss of AV synchrony

Permanent pacemaker implantation should be considered for patients with unexplained syncope
in patients with prior congenital heart surgery complicated by transient AVB with residual
fascicular block

Permanent pacemaker implantation may be considered for patients with transient postoperative 119) C c2
3rd-degree AVB that reverts to sinus rhythm with residual bifascicular block

Permanent pacemaker implantation may be considered for patients with congenital 3rd-degree
AVB in asymptomatic patients with an acceptable rate for the age, a narrow QRS complex, and
normal ventricular function

Permanent pacemaker implantation is not recommended for patients with transient postoperative
AVB with return of normal AV conduction in otherwise asymptomatic patients

Permanent pacemaker implantation is not recommended for patients with bifascicular block with
or without 1st-degree AVB after surgery for congenital heart disease in the absence of prior
transient complete AVB

Permanent pacemaker implantation is not recommended for patients with asymptomatic
Wenckebach-type 2nd-degree AVB

Permanent pacemaker implantation is not recommended for patients with asymptomatic sinus
bradycardia with the longest RR interval <3 s and a minimum heart rate 240 beats/min

Permanent pacemaker implantation is not recommended for patients with endocardial leads
in patients with intracardiac shunts (risk assessment regarding hemodynamic circumstances,
concomitant anticoagulation, shunt closure prior to endocardial lead placement, or alternative
approaches for lead access should be individualized)

LOE
(MINDS)

\

Vb

VI

\

\

VI

IVb

Abbreviations: AV, atrioventricular; AVB, atrioventricular block; COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.
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for the secondary prevention of sudden death.*¢>4%® This is because
there are a few lethal arrhythmias associated with structural heart
diseases such as ischemic heart disease, and there is limited venous
access for implanting shock leads. Cardiomyopathy, channelopa-
thies, congenital heart disease, and coronary artery anomaly are the
main causes of sudden cardiac death in childhood, and arrhythmic
deaths due to underlying diseases are common among these cardiac
deaths.260467468 Therefore, the number of cases of implantation of
an ICD in a child who survives sudden cardiac death is expected to
increase in the future.*’

Various innovative methods for implanting shock leads have
been reported for ICD implantation in small children and patients
with congenital heart disease who have anatomically limited venous
access for lead implantation.**”*’! 5-ICDs, which became available
in Japan in February 2016, are useful for patients who have limited
venous access; however, as the S-ICD cannot perform bradycardia
pacing, it is not suitable for conditions associated with bradycardia.
It is also not suitable for small children and is indicated for children
weighing at least 25-30 kg; however, there have been reports of S-

ICD implantation in children weighing <25 kg.*?473

Sowmnal of Ctilytlmia

In children and patients with congenital heart disease, ICD im-
plantation for the prevention of sudden death secondary to irre-
versible causes has class | recommendation.*’4*’® The indications
for ICD implantation for the primary prevention of sudden death in
children with cardiomyopathy and channelopathy should follow the
guidelines for each disease group.

Risk stratification of sudden death is difficult in congenital heart
disease due to complex cardiovascular abnormalities and various
condition before and after surgical corrections. Because of the dif-
ficulty in conducting RCTs, there is still much controversy over ICD
indications for the primary prevention of sudden cardiac death.''¢
Previous studies of sudden death after surgical correction of tetral-
ogy of Fallot have identified left ventricular systolic or diastolic dys-
function, NSVT, QRS duration 2180 ms, extensive right ventricular
scarring, and sustained ventricular arrhythmias inducible in electro-
physiological study as risk factors for ventricular arrhythmia and sud-
den death.*’?"*8> However, in Japan, the incidence of sudden death
with tetralogy of Fallot is lower than in Europe and the USA 486487 |
this guideline, cases with 23 of these risk factors are assigned class

of recommendation of lla (Table 42),116:446:474-485:488-497

TABLE 42 Recommendations and evidence levels for ICD in children and patients with congenital heart disease

GOR LOE
(MINDS)

COR LOE (MINDS)

ICD is recommended for patients with survivors of cardiac arrest due to VF or hemodynamically A IVa

unstable VT with irreversible cause

ICD is recommended for patients with symptomatic sustained VT in patients with congenital heart A IVa
disease (catheter ablation or surgical repair may offer a possible alternative in carefully selected patients)

ICD should be considered for patients with recurrent syncope of undetermined origin in patients with IVa
congenital heart disease, and the presence of either ventricular dysfunction with systemic ventricular
ejection fraction <35% or inducible ventricular arrhythmias in electrophysiological study

ICD should be considered for patients with repaired tetralogy of Fallot and >3 risk factors for sudden Vb
cardiac death (left ventricular systolic or diastolic dysfunction, NSV T, QRS duration 2180 ms,
extensive right ventricular scarring, or inducible sustained ventricular arrhythmias in
electrophysiological study)

ICD should be considered for patients with congenital heart disease, and ventricular dysfunction with Vb
systemic ventricular ejection fraction <35%, NSVT, and NYHA class Il or lll symptoms

ICD may be considered for patients after surgical revascularization for an anomalous origin of the 1lb C Cc1 \
coronary artery with a history of VF*?7

ICD is not recommended for patients with a predicted life expectancy <12 months C2 Vi

ICD is not recommended for patients who do not give consent or cannot cooperate with treatment C C2 \|
because of significant psychiatric iliness or other causes

ICD is not recommended for patients with VT or VF due to an obvious acute cause (eg, acute ischemia, C C2 \|
electrolyte imbalance, or drugs) that is determined to be preventable by treating the cause

ICD is not recommended for patients with frequent VT or VF that is uncontrollable with antiarrhythmic C C2 \|
medications or catheter ablation

ICD is not recommended for NYHA class IV patients with drug-refractory congestive heart failure who C C2 \|
are not candidates for cardiac transplantation, CRT, or insertion of a LVAD

ICD is not recommended for patients with endocardial leads in patients with intracardiac shunts (risk D Vb

assessment with respect to hemodynamic circumstances, concomitant anticoagulation, shunt closure
before endocardial lead placement, or alternative approaches for lead access should be individualized)

Abbreviations: COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR, grade of recommendation; ICD, implantable

cardioverter-defibrillator; LOE, level of evidence, LVAD, left ventricular assist device; NSVT, nonsustained ventricular tachycardia; NYHA, New York

Heart Association; VF, ventricular fibrillation; VT, ventricular tachycardia.
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The ICD implantation guidelines for children and patients with
congenital heart disease are described according to the 2012
ACCF/AHA/HRS  Guidelines,*® 2013 EHRA/AEPC Consensus
Statement,**? and 2014 PACES/HRS Expert Consensus Statement*>8
(Table 42).

7.3 | CRT/CRT-D in children and patients with
congenital heart disease

The indications for CRT in children without congenital heart disease
are similar to those for CRT in adults. In a multicenter study in the
field of pediatric cardiology, including congenital heart disease, non-
ischemic cardiomyopathy in children was reported as a risk factor
for CRT non-response.*’® However, pediatric non-ischemic cardio-
myopathy rarely presents with left bundle branch block, which is
presumed to be a possible cause of CRT non-response.*’?

CRT for patients with congenital heart disease significantly dif-
fers from that for adults, because of the diverse ventricular mor-
phology found in this condition. The systemic ventricle is broadly

divided into the left ventricle, right ventricle, and single ventricle
(single ventricle physiology).#?8°%0-5%¢ | addition, subpulmonary
ventricular dyssynchrony must also be considered.’”>1 A pattern
of intraventricular dyssynchrony is observed in the systemic right
ventricle or single ventricle physiology, which differs from that of
the systemic left ventricle.’°® Moreover, interventricular dyssyn-
chrony in hemodynamics specific to congenital heart disease cannot
be ignored.>® As in primary prevention with an ICD, it is difficult
to determine the effect with RCTs because the condition is associ-
ated with a wide variety of cardiovascular abnormalities in the heart
structure. Therefore, the indications must be decided with con-
sideration of the anatomy and ventricular dyssynchrony patterns
found in individual patients.

As there are very few reports on ICDs (CRT-D) with biventricular
pacing for children and patients with congenital heart disease, this
guideline does not include a description.

The CRT
congenital heart disease are described on the basis of

the 2014 PACES/HRS Expert Statement*>®
(Table 43).116,349,355,432,440,441,498,500-516

implantation guidelines for patients with

Consensus

TABLE 43 Recommendations and evidence levels for CRT in children and patients with congenital heart disease

CRT is recommended for patients with a systemic left ventricle, NYHA class II-1V symptoms, systemic
LVEF <35%, complete left bundle branch block with QRS duration = 120 ms, and sinus rhythm

GOR LOE
(MINDS)  (MINDS)

CRT should be considered for patients with a systemic right ventricle, NYHA class II-1V symptoms, lla C IVb
systemic right ventricular ejection fraction <35%, right ventricular dilatation, and complete right bundle

branch block with QRS duration 2120 ms

CRT should be considered for patients with congenital heart disease, NYHA class -1V symptoms, lla C Cc1 IVb
systemic ventricular ejection fraction <35%, and an intrinsically narrow QRS complex in those
undergoing new or replacement device implantation with anticipated requirement for ventricular
pacing 240% (single-site pacing from the systemic ventricular apex/mid-lateral wall can be considered

an alternative)

CRT should be considered for patients with a single ventricular physiology, NYHA class II-1V symptoms, lla C IVb
systemic ventricular ejection fraction <35%, ventricular dilatation, and QRS duration 2120 ms due to
intraventricular conduction delay that produces a complete RBBB or LBBB morphology

CRT may be considered for patients with congenital heart disease, NYHA class |-V symptoms, systemic  Ilb C C2 IVb
ventricular ejection fraction 235%, and an intrinsically narrow QRS complex in those undergoing new
or replacement device implantation with anticipated requirement for ventricular pacing 240% (single-
site pacing from the systemic ventricular apex/mid-lateral wall can be considered an alternative)

CRT may be considered for patients undergoing cardiac surgery with NYHA class I-1V symptoms, QRS 11b B C1 IVb
duration 2120 ms, complete bundle branch block morphology ipsilateral to the systemic ventricle, and
progressive systolic ventricular dysfunction and/or dilatation (especially if epicardial access is required

to implement CRT)

CRT may be considered for patients with a systemic right ventricle undergoing cardiac surgery for tricuspid I1lb B c1 IVb
valve regurgitation with NYHA class I-1V symptoms, QRS duration 2120 ms, and complete RBBB

CRT may be considered for patients with congenital heart disease with severe subpulmonary right 11b C C2 \%
ventricular dilatation and dysfunction, NYHA class I1-1V symptoms, and complete RBBB with QRS

duration 2150 ms

CRT may be considered for patients with NYHA class IV symptoms and severe systemic ventricular 11b C C1 VI
dysfunction, in an attempt to delay or prevent cardiac transplantation or mechanical support

CRT is not recommended for patients whose comorbidities and/or frailty limit survival with good

functional capacity to <1 year

Abbreviations: COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR, grade of recommendation; LBBB, left bundle branch
block; LOE, level of evidence; NYHA, New York Heart Association; RBBB, right bundle branch block.
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8 | Implantable cardiac monitor (ICM)

The ICM was first covered by medical insurance in Japanin October
2009 for patients with unexplained syncope and in September
2016 for the detection of AF in patients diagnosed with crypto-
genic stroke. This device is an electrocardiograph that is inserted
under the chest wall skin and has a battery life of about 2-3 years.
It is an extremely useful tool for identifying the causative disease
because it can capture ECG findings at the onset of syncope and
that of AF that causes cryptogenic stroke. The event is recorded
by the patient or a third person when symptoms appear, and the
ECG is saved for several minutes before the event. Further, when
a preset heart rate abnormality (eg, bradycardia, cardiac arrest,
tachycardia, or AF) occurs, the ECG is automatically saved, ena-
bling remote monitoring.

In a previous study, an ICM was used in 506 patients in whom the
cause of syncope could not be identified after various examinations,
and an ECG at syncope with an ICM was obtained in 176 of the patients
(35%).%Y Of these, cardiac arrest was recorded in 56% and tachycardia
was recorded in 11%; however, arrhythmia was not observed in the re-
maining 33%. In other words, the ICM can diagnose around two-thirds
of syncope cases that remain unexplained even after performing other
examinations. In addition, the ICM is particularly useful for diagnosing
the cause of recurrent syncope in patients with irregular or relatively
rare episodesf"o However, previous studies have shown that the asso-
ciation between presyncopal symptoms and arrhythmias is relatively
weak. The use of an ICM, therefore, is not currently recommended in
patients with pre-syncopal symptoms only.$%°18
Noninvasive ambulatory ECG monitoring for a 30-day event-

triggered recorder significantly improved the detection of atrial

TABLE 44 Recommendations and
evidence levels for ICM indications

1. Early use of an ICM is recommended
in patients with recurrent, infrequent,
unexplained syncope but without high-risk
factors* and without non-cardiac causes such
as reflex syncope or orthostatic hypotension

2. Use of an ICM is recommended in patients
with high-risk factors* but without an
identified cause or a therapy for syncope after
several evaluations

3. Use of an ICM is recommended for the
detection of silent AF in patients with an
unknown cause of cryptogenic stroke even
after the use of Holter monitoring or external

loop recorders

Use of an ICM should be considered to
determine the indication of cardiac pacing
therapy in patients with suspected reflex
syncope combined with frequent recurrence

and/or injury
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fibrillation in patients who had a recent cryptogenic stroke or tran-
sient ischemic attack (TIA) and were 255 years of age, as compared
with those detected with the conventional Holter ECG (EMBRACE
[30-Day Cardiac Event Monitor Belt for Recording Atrial Fibrillation
After a Cerebral Ischemic Event] trial).>*’ In addition, a study of pa-
tients aged 240 years with unexplained cerebral infarction or TIA
occurring within 90 days showed that the AF detection rate was
significantly higher over the long term in the ICM group than in the
conventional standard ECG group, including Holter ECG (CRYSTAL AF
[Cryotogenic Stroke and Underlying Atrial Fibrillation] study).>?° It has
also been reported that the diagnosis rate with extracorporeal loop-
type long-term ECGs for the causes of transient loss of consciousness,
including syncope, is rather high.>?! Therefore, it is recommended
that the extracorporeal procedure is performed at least once before

ICM insertion.®® The recommendations are shown in Table 44.

9 | Wearable cardioverter-defibrillator

Although the usefulness of ICD in the primary prevention of sudden
cardiac death is widely recognized,'””'?® the management of acute
cases, in which the usefulness of ICD has not been proven, presents
a challenge. It has been suggested that many life-threatening ar-
rhythmia events occur soon after acute ischemia or heart failure;>??
however, the application of ICD in the acute stage has not been
shown to improve the life prognosis.2°¢°2® Therefore, the world's
leading guidelines limit the use of ICDs for primary prevention of
sudden death to post-subacute cases.319.368:524

The WCD is a medical device with contact-type ECG electrodes
and a defibrillation pad inside a wearable vest, and defibrillation is

GOR LOE
(MINDS)

COR LOE (MINDS)

Vb

*High-risk factors suggesting a cardiogenic cause are listed in Table 17.

Abbreviations: AF, atrial fibrillation; COR, class of recommendation; GOR, grade of
recommendation; ICM, implantable cardiac monitor; LOE, level of evidence.
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automatically triggered when a life-threatening arrhythmia is de-
tected by a wired controller. Although it is a relatively simple sys-
tem that performs all procedures from the body surface, it has been
shown to have diagnostic sensitivity and specificity comparable to
those of ICDs.173195:211.525-527 \WCDs became covered by insurance

in Japan in January 2014, and physicians are steadily accumulating

clinical experience.193’195'528’529

Because this device is non-invasive, the decision on its applica-
tion or discontinuation can be easily and quickly made; therefore, it
plays the role of a bridge therapy until the necessity of ICD therapy
can be determined, regardless of the stability or cause of the under-
lying disease (ischemic or non-ischemic). The recommendations are
shown in Table 45.

As there is a high risk of life-threatening arrhythmias soon after

522

acute ischemia and acute heart failure,”“ a WCD is used to prevent

sudden death until the indication for primary prevention with an
ICD is confirmed.?1%:525:527.530 |n WEARIT-II (Prospective Registry
of Patients Using the Wearable Defibrillator), the appropriate

COR LOE

WCD should be considered for patients within lla
40 days after the onset of acute myocardial
infarction with LVEF <35% and heart failure
symptoms of NYHA class Il or 11l

WCD should be considered for patients with IE]
LVEF <35% and within 90 days after coronary
artery bypass or percutaneous coronary
intervention, and with NYHA class Il or Il
heart failure symptoms

WCD should be considered for patients with lla
LVEF <35% and within 90 days after the acute
onset of heart failure due to a non-ischemic
etiology

WCD should be considered for patients with lla
irreversible severe heart failure satisfying a
heart transplant standby condition

WCD should be considered for patients in lla
whom ICD is recommended but surgery
cannot be performed immediately owing to
other physical conditions

WCD should be considered for patients in IE]
whom ICD is temporarily removed for any
reason, such as infection

WCD may be considered for patients in whom 11b
ICD is recommended for secondary prevention
of cardiac sudden death but priority is given
to the determination of the effect of clinical
follow-up and preventive treatment

WCD may be considered for hospitalized Ib
patients who have a moderate or higher risk of
life-threatening arrhythmia but cannot receive
adequate arrhythmia monitoring

therapy rate during the observation period was higher than that re-
ported in the MADIT-RIT (MADIT-Reduce Inappropriate Therapy)
trial.>3! The percentage of cases judged to be indicated for an ICD
after the observation period is 55%-68%.211:°25:527.531 Thys it can
be expected to appropriately prevent sudden death and may also
prevent excessive ICD use. The use of WCDs has been reported to
reduce the incidence of sudden death by 5%-15% also in patients
with coronary angioplasty or coronary artery bypass graft surgery,
and is especially effective in patients with left ventricular dysfunc-
tion.?10532 VEST (Vest Prevention of Early Sudden Death) was an
investigator-initiated and the largest RCT, which enrolled 2,302
patients with acute myocardial infarction and LVEF < 35%. It did
not show a significant reduction in the primary endpoint (arrhyth-
mic death) owing to the limited wearing time of the WCD group;
however, the on-treatment analysis demonstrated an improvement
in the total mortality rate in the wearing group (0.26/100 patients
per month) versus the non-wearing group (1.91/100 patients per

month).>33

TABLE 45 Recommendations and
evidence levels for WCD indications

GOR LOE
(MINDS)

(MINDS)
1

IVa

IVa

IVa

Vb

1IVb

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable
cardioverter-defibrillator; LOE, level of evidence; LVEF, left ventricular ejection fraction; NYHA,

New York Heart Association; WCD, wearable cardioverter-defibrillator.
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Reports on the use of WCDs for non-ischemic cardiomyop-
athy are limited; however, sudden death during the early phase
after the onset of post-myocarditis cardiomyopathy, takotsubo
cardiomyopathy, postpartum cardiomyopathy, and idiopathic di-
lated cardiomyopathy has been described. As 25%-42% of pa-
tients recover left ventricular function within 6 months, WCDs
may be useful during the limited period when the risk of sudden
death is temporarily high.>345%? patients awaiting a heart trans-
plant are also at a high risk of sudden death and may be eligible
for a WCD.338342

A WCD is also effective in achieving both safe management and
reduced hospital stay for patients who undergo device removal be-
cause of infection or in cases in which treatment of other diseases
needs to be prioritized.*”®°2%342 |n Europe and the USA, WCDs are
usually used only outside of hospitals.?*1°2>527331 However, a study
in Japan showed that appropriate shock therapy from a WCD was
effective in terminating life-threatening ventricular tachyarrhyth-
mias in hospitalized patients with a moderate risk of sudden death.
A WCD may be useful in any environment where arrhythmia cannot
be fully monitored.'?> In Japan, WCDs are generally used for a short
period (3 months); however, it is necessary to investigate the long-
term use of WCDs for low-risk patients and patients who require

long-term recovery of cardiac function.’°

Il | CATHETER ABLATION

1 | Overview
1.1 | History and changes in catheter ablation

Catheter ablation is a treatment whereby energy is applied from out-
side the body to the target myocardial tissue via a catheter, to ablate
and destroy tissue. Its clinical application began in 1982 with the
creation of a block using direct current (DC) at the atrioventricular
junction. In 1983, a successful case of accessory pathway ablation
was reported.’*3->4¢ Thereafter, in 1987, radiofrequency (RF) cathe-
ter ablation was performed, targeted to the atrioventricular junction,
and the origins of supraventricular tachycardia (SVT) and ventricular
tachycardia (VT).>47-5%

In Japan, DC catheter ablation was introduced in 1983,
and in 1990 the Japanese Association for Cardiac Pacing and
Electrophysiology (currently the Japanese Heart Rhythm Society)
established the Catheter Ablation Committee,>*° which continues
its activities to this day. The use of RF catheter ablation began to
spread rapidly in Japan in 1994 when it became covered by insur-
ance as a percutaneous myocardial ablation procedure, and the ini-
tial success rate for many arrhythmias exceeded 90%.

Advances in arrhythmia research and the development of cath-
eter equipment and peripheral medical devices have played an
important role in the development of catheter ablation. Ablation
catheters developed in the 1990s include steerable catheters with

adjustable tip curves and large-tip catheters capable of forming large
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ablation lesions. In 2009, an irrigation catheter was introduced in
Japan, which made it possible to supply stable power independently
of the surrounding blood flow, enabling creation of deep myocardial
lesions while preventing thrombus formation. In 2012, a function to
check the contact status between the catheter tip and myocardium
was developed, resulting in the performance of safe and effective
ablation procedures.

A 3D mapping system was developed in the late 1990s as a
peripheral device, which enabled treatment while visualizing the
catheter in a 3D image fusing electrical phenomena and structural
information of the heart (from computed tomography [CT], ultra-
sound, MRI, and radiographic scans).

In 1998, abnormal excitation originating from the PV was re-
ported to trigger atrial fibrillation (AF),>>! which led to studies on
catheter ablation for AF.>>%%>2 The PVI procedure was reported in
2000. Various ablation methods have been devised to date, and the
treatment results have improved. An important point in catheter
ablation of AF is reliable PVI, and a balloon technique specifically
for that purpose has been developed. In Japan, cryoballoon therapy
became available in 2014, and hot-balloon therapy started in 2016.
Endoscopic laser irradiation of the PV orifice (laser irradiation endo-
scopic ablation system) was introduced in 2018.

Recently, there have been several reports on catheter ablation
for idiopathic and hereditary ventricular fibrillation (VF)/polymor-
phic VT.315:533554 A technique for treating arrhythmias of epicardial
origin by inserting the ablation catheter into the pericardial space via
percutaneous puncture has also been applied clinically.>>®

More than 70,000 ablation procedures were performed in Japan
in 2016, and there are now >600 ablation facilities.® Although the
number of arrhythmia patients who can benefit from catheter ab-
lation is increasing, it is important to prevent serious complications
such as cardiac tamponade, cerebral infarction, and damage to or-
gans adjacent to the heart. It is necessary to develop appropriate
guidelines for performing safe and effective catheter ablation, and
to provide the treatment teams with the necessary knowledge and

skills to execute these procedures.

1.2 | Required knowledge, equipment, doctors,
medical staff, and facility requirements for ablation

Diagnosing arrhythmia and determining the treatment site for
catheter ablation are based on electrophysiological knowledge.
Accurate use of the catheter is reliant on understanding the anat-
omy of the heart and the characteristics of the ablation method
used, as well as on performing the procedure after setting the ap-
propriate energy. Catheter ablation is an invasive treatment and
has the risk of serious complications, albeit rare; therefore, it re-
quires knowledge and skills to be able to respond appropriately
in an emergency. Recently, more complex arrhythmias are often
being treated using multiple medical devices. It is necessary to
share knowledge and experience not only with doctors but also

with medical staff teams.
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1.2.1 | Required knowledge and technology for ablation
The knowledge and techniques required for ablation are summarized
in Tables 46 and 47.

Knowledge of ablation indications and contraindications is es-
sential. It is necessary to determine the indication for each patient
in consideration of the risks and benefits after determining the ex-
pected success rate and risk of complications. The treatment site for
ablation is determined on the basis of an accurate electrophysiolog-
ical diagnosis. Following the induction of tachycardia, interpretation
of intracardiac electrograms during tachycardia, identification of
tachycardia mechanisms such as entrainment, and evaluation of 3D
mapping are all required to determine the treatment site.

It is also necessary to understand how to use antiarrhythmic
drugs before and after surgery, to understand their pharmacology,
and to consider the types of drugs and the required doses.

Further, it is necessary to prepare for the procedure by referring
to preoperative images and ascertaining the anatomy of each heart
chamber and related blood vessels, in order to manipulate the cath-
eter accurately and safely.

RF energy is the main source of ablation energy; however,
cryoablation and laser have also been used in recent years. Each
type of energy has its own characteristics, and the different meth-
ods must be used according to need.

AF ablation is now performed under sedation in about 90% of
facilities.>®® Knowledge and skills related to sedatives and airway
management are required to perform sedation safely, and it is desir-
able that practitioners attend training and educational seminars held

by academic societies.

1.2.2 | Required equipment for ablation
The facilities required for ablation are shown in Table 48.

a. | Angiography equipment. Catheter ablation is performed in an

angiography imaging room. Plumbing is required to supply oxygen

TABLE 46 Required knowledge for catheter ablation

Electrophysiology

Current indications and contraindications of EP study and
catheter ablation

Electrophysiological characteristics of target arrhythmias
Interpretation of intracardiac recording
Maneuver to identify the arrhythmia mechanism, such as entrainment
How to use a 3D mapping system
Antiarrhythmic drugs
Catheter ablation
How to prevent specific complications
Anatomical characteristics of the target ablation area
Technical consideration of each ablation energy
How to use sedative agents

Prevention of radiation damage

Abbreviations: 3D, 3-dimensional; CA, catheter ablation; EPS,
electrophysiological study.

and for suction, and an exhaust system is needed to handle excess
nitrous oxide gas required for cryoablation. Radioactive protection
(radioprotective glasses, curtains, shield operation box) is necessary
to protect the health of the staff during ablation with long procedure
times.

b. | Diagnostic catheters. Diagnostic catheters differ in shape,
number of electrodes, and other features, depending on the
application. There are also dedicated catheters for 3D mapping, and

the available catheters differ depending on the system used.

c. | Ablation catheters. RF ablation catheters may be irrigated
or non-irrigated. The length of the tip electrode in non-irrigated
cathetersis 4, 8, or 10 mm. Increasing the electrode length means

TABLE 47 Required technical skills for catheter ablation
EP catheter insertion by the transvenous, transarterial, or epicardial
approach

Careful manipulation of the EP catheter and knowledge of the
optimal location to record intracardiac electrograms at each area

Knowledge of the initiation and termination of arrhythmias by
program stimulation

Optimal selection of the 3D mapping system

Angiography of each site (coronary artery, pulmonary vein, coronary
vein, sinus of Valsalva)

Complications and their management
Cardioversion and defibrillation
Antiarrhythmic drugs

Sedation and anesthetic agents
Pericardiocentesis

Transseptal approach

Energy source of each ablation

Intracardiac echocardiography

Abbreviation: 3D, 3-dimensional; EP, electrophysiology.

TABLE 48 Required equipment for EP testing

Fluoroscope

Electrode and ablation catheters
Generators of ablation energy

EP recording system

Stimulator

3D mapping system

Defibrillator and first-aid kit

Infusion pump

Analyzers of activated clotting time (ACT)
Monitors (SpO,, esophageal temperature)
Drugs (antiarrhythmic drugs, first-aid drugs, sedative agents,

analgesics)

Abbreviations: 3D, 3-dimensional; EP, electrophysiology.
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that RF energy power can be applied at high output because of the
cooling effect of blood flow; however, this records a wider range
of potentials, making it difficult to evaluate minute potentials.
A temperature control system is used in non-irrigated catheters,
in which the output is automatically adjusted according to the
tip temperature. The risk of steam pop (ie, rupture of tissue
with steam) is considered to be lower than in irrigated catheter
ablation; however, thrombus formation around the electrode
in areas with poor blood flow can sometimes impede output,
resulting in failure to create the necessary cautery lesion. There
are reports suggesting that the incidence of thrombus formation
is higher with non-irrigated catheters than with irrigated
catheters.>®’

Irrigated catheters can be actively cooled by perfusing saline
from the tip electrode, and can generate a stable output without
depending on the blood flow around the electrode. However, this
method has the danger of causing steam pops because the output in-
creases in all situations.>”® Moreover, if the total volume of perfused
saline is excessive, it creates concerns about heart failure in patients
with low cardiac function.

Recently developed catheters are equipped with sensors that
measure the contact pressure of the tip electrode on the tissue,
and appropriate cauterization is possible with a contact pressure
of 210 g. As the contact pressure fluctuates because of respiration
and heart rate, the device uses an integrated value of time and force
and an index that takes output into account in these variables. These
adaptations are expected to be useful for the ablation effect and for
preventing complications.

The cryoablation catheter absorbs heat from the surrounding
tissue when liquefied nitrous oxide evaporates at the tip of the cath-
eter, thereby cooling the tissue. Cryoablation catheter is currently
used for atrioventricular nodal reentrant tachycardia (AVNRT) or as

an additional treatment after cryoballoon therapy for AF.

d. | Balloon catheters. Balloon catheters with regulatory approval
at present include the cryoballoon, hot balloon, and laser balloon for
PVI. Each balloon has different characteristics, and it is necessary to
indicate treatment based on knowledge of the differences of each
type.

e. | 3Dmappingsystems. The 3D mapping system plays a major role
not only in the diagnosis of tachycardia circuits and mechanisms, but
also in accurate understanding of the anatomy through integration
with intracardiac echocardiography and cardiac CT. To evaluate the
effectiveness of cauterization, an automatic mapping system has
been devised, which can display a color image if appropriate contact
is obtained and can automatically obtain hundreds of data within a

few minutes.

f. | Other equipment. The potential recorder and stimulator are
essential equipment. Blood pressure and SpO, monitors, as well
as an esophageal temperature monitor, may also be important in

preventing complications.
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1.2.3 | Required staff for ablation

At present, ablation is performed not solely by a doctor, but also by
a team of clinical engineers, laboratory technicians, clinical radiolo-
gists, and nurses. Each team member is required to have the neces-
sary knowledge and skills; however, above all, it is important for all
staff to be responsible for one patient. It is desirable that all staff
observe changes in the patient's status, such as vital signs, in addi-
tion to monitoring the onset and duration of tachycardia.

a. | Operator's experience. The experience needed by an operator to
perform ablation, as recommended by the EHRA, American College of
Physicians, ACC, and AHA, is shown in Table 49757561 The standards
for obtaining certification as an arrhythmia specialist in the USA are
set by the American Board of Internal Medicine. Those standards were
considered in the creation of this guideline, and recommendations have
been made as shown in Table 49. As clinical cardiac electrophysiology
studies have recently been performed less frequently as stand-alone

study, those were counted together with ablation.

1.2.4 | Facility standards
It is preferable for facilities implementing ablation to satisfy the con-
ditions stipulated in Table 50.

1.3 | Informed consent

Informed consent corresponds to the provisions of Chapter 1, Article

1-4, Paragraph 2 of the Medical Care Act: “In the delivery of medical

TABLE 49 Minimum recommended procedure numbers and
competence level for heart rhythm specialists during training for
invasive techniques

Training period,  EPS*, Ablation, LA/

months n n AF,n
EHRA* 24 200 150 10
ACP/ACC/AHA® 12 100 50-75 NA
ABIM® 24 NA 160 50
This guideline 24 150 100 50

*Includes the number of ablation procedures.

Abbreviations: ACP/AHCC/AHA, American College of Physicians/
American College of Cardiology/American Heart Association; AF,
atrial fibrillation; EHRA, European Heart Rhythm Association; ABIM,
American Board of Internal Medicine; EPS, electrophysiological study;
LA, left atrium; NA, not applicable.

TABLE 50 Facility criteria

1. Department of Cardiology or Department of Pediatric Cardiology
providing medical service under health-care insurance

2. At least one board-certificated electrophysiologist on a full-time
basis

3. Department of Cardiac Surgery or collaboration with another
facility performing cardiac surgery

4. A registered clinical engineer on a full-time basis
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care, a physician, dentist, pharmacist, nurse, or other medical care
professional shall give appropriate explanations and endeavor to
foster understanding in the recipients of medical care.” This means
that the doctor may not unilaterally decide on the medical treatment
(medication, procedures, tests, etc), but rather shall only provide
medical care after explaining the following information to the pa-
tient and their family, for obtaining consent: (1) specific and easy-
to-understand information on the disease name, pathology, and
purpose and content of treatment; (2) details of medical treatment
and associated risks; (3) expected results; (4) adverse reactions; (5)
possible alternative medical treatments and details thereof; (6) ex-
pected results if the treatment in question is not implemented; (7)
assurance that the patient will not be disadvantaged in any way if
the testing or treatment is refused; (8) information that the patient
has the right and opportunity to obtain a second opinion; and (9) in-
formation that consent can be withdrawn at any time. Medical treat-
ment has to be patient-centric.

The targets of informed consent collection are the healthcare
professionals involved in testing and treatment, and the patients and
their families. This requires “explanation and understanding” and
“consent” from the patient side. If the patient is unable to express
his or her intentions or is a minor, a suitable representative, such as
a family member or legal representative, may act on the patient's
behalf. Ultimately, the signatures of all attendees (including those on
the medical side) shall be obtained.

Catheter ablation is an invasive procedure and can cause vari-
ous complications. It is important to provide sufficient information
to patients and their families for this treatment. The typical com-
plications include (1) thromboembolism; (2) cardiac tamponade; (3)
vascular injury or coronary artery injury; (4) bleeding, hematoma,
or arteriovenous fistula; (5) infection; (6) allergy; (7) radiation ex-
posure; (8) bradycardia; (9) transient drop in blood pressure due
to vasovagal reflex; (10) new arrhythmia; (11) damage to the teeth
and mouth, or esophageal injury; and (12) others (including pneu-
monia, lung injury, pneumothorax, liver and/or kidney impairment,
phrenic nerve paralysis, PV stenosis, esophageal disorders such
as left atrioesophageal fistula, gastric peristalsis disorder, damage
or dropping off of the embedded lead, and failure of the artificial
valve or artificial patch).

There is no fixed form for obtaining informed consent; how-
ever, it is preferable to create a form at each facility, referencing the
“Study on the Actual Conditions of Informed Consent Burden on
Medical Professionals (IC Study)”>¢? by the Social Insurance Union of
Societies Related to Internal Medicine (Table 51).

1.4 | Management, sedation, and pain relief
during the procedure

Sedation and analgesia are performed to eliminate the patient's
pain during catheter ablation and to perform the procedure
safely and appropriately by maintaining a restful state. Stable

sedation and analgesia increase both the patient's satisfaction

TABLE 51 Necessary content of an informed consent form

Patient's name, ID number
Date of explanation
Diagnosis

Current condition of disease

Purpose of ablation therapy

o Bl - EED e

Method of ablation therapy (eg, preparation for therapy,
anesthesia and sedation, catheter insertion point, therapy
method, therapy point, procedure time, hemostatic treatment,
treatment after therapy, rest time)

7. Benefit/therapeutic effect of ablation therapy

8. Adverse effects/complications/aftereffects of ablation therapy
and their management

9. Progress without ablation therapy
10. Alternative therapy

11. Cost of ablation therapy

12. Agreement for withdrawal

13. Date of agreement

14. Signature (patient or representative)

15. Signature of attending or explaining physician, and hospital
attendees

and the success rate of the procedure, and are key points for
preventing complications such as cardiac tamponade and air

embolism.>¢3°64

1.4.1 | Levels and methods of sedation to general anesthesia
Sedation and general anesthesia are classified into 4 stages, accord-
ing to response to stimulation: (1) minimal sedation (anxiolysis), (2)
moderate sedation (conscious sedation), (3) deep sedation, and (4)
general anesthesia.’®® The responses are on a continuum, with no
clear boundaries between the different stages. The deeper the seda-
tion, the less pain the patient experiences, but the greater the risk
of respiratory and circulatory suppression and airway obstruction.
Therefore, a suitable depth of sedation must be selected based on
the extent of pain during the procedure, duration of the procedure,
and condition and wishes of the patient.

Reports indicate that PVI in AF ablation has a better success
rate under general anesthesia than under conscious sedation.’4%°¢
Refer to the “Guidelines for the use of anesthetics and anesthetic-

related drugs"566 for the methods of use of each drug.

a. | Minimal sedation (anxiolysis). Minimal sedation is defined as a
state in which cognitive and cooperative functions are suppressed
but the patient can respond to verbal commands, and respiratory
and cardiovascular functions are maintained.’®> Drugs such as

diazepam and pentazocine are used.”””

b. | Moderate sedation (conscious sedation). Moderate sedation
is defined as a state in which consciousness is suppressed but the
patient can respond purposefully to verbal instructions and light

tactile stimuli. Respiratory and circulatory functions are maintained,



NOGAMI ET AL.

and host defense responses are not suppressed.>®® Drugs such as
dexmedetomidine are used in combination with analgesics such as

fentanyl and pentazocine, as appropriate.>¢¢

c. | Deepsedation. Deep sedation is defined as a state in which the
patient is not easily roused but will ultimately respond to repeated
pain stimuli. Circulatory function is maintained, but it is likely that
the body's defense response and spontaneous respiration will
be insufficient, and it will be necessary to maintain the airway.>®®
Propofol and midazolam are used (not covered by insurance).
Analgesics such as fentanyl are used as appropriate. Respiratory
assistance, including airway and mask positive-pressure breathing,

is required.”®”

d. | General anesthesia. Under general anesthesia, patients are not
roused by pain stimuli, there is insufficient spontaneous respiration,
airway management is often required, and circulatory function may
be impaired.565 Drugs such as propofol and fentanyl are used.”®° It
is useful to secure the airway with a supraglottic device such as i-
gel 561

1.4.2 | System for providing sedation

a. | Staff and hospital system. The physician performing the
sedation must have education and training in the pharmacology of
the drug being used for sedation. The physician must understand
and be able to correctly use the appropriate doses, dosing
intervals, and the respective antagonists, as well as understand the
interactions between opioids and sedatives/anesthetics.>®> When
performing deep sedation, one person other than the operator
shall be assigned and dedicated to monitoring the patient. It is
desirable to achieve consensus within the facility, including the
anesthesiology department and medical safety department, with
respect to the responsibilities and system for sedation, the aptitude
of the physician performing the sedation, and the hospital protocol

in the event of an emergency.

b. | Vital sign monitoring and recording. A pulse oximeter is
attached to continuously monitor blood oxygenation. However,
as it takes time for oxygen saturation to decrease because of
apnea or hypoventilation, continuous monitoring of exhaled
carbon dioxide with a capnometer is more useful for monitoring
respiration. Blood pressure is measured at least every 5 min, and
arterial pressure is continuously monitored as needed. The depth
of sedation should be regularly evaluated using the Observer's
Assessment of Alertness/Sedation scale,®® which is an evaluation
based on responses to voice prompts and physical stimuli.
Bispectral index (BIS) monitors are useful for assessing the level
of sedation. A BIS monitor specializes in analyzing the forehead
EEG waveform and displays the sedation depth as a value from O
to 100. The awake state is graded as 100. The lower the value, the
deeper the sedation.>®’

The observed vital signs are recorded on a chart at appropriate
intervals.
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1.5 | X-ray exposure

X-ray exposure during catheter ablation has been significantly re-
duced owing to advances in mapping. Furthermore, knowledge of
the effects of exposure and use of protective equipment enable
low-exposure procedures. Exposure has always been a major prob-
lem for physicians; however, since 2013, when high rates of head
and neck tumors in interventional cardiologists and radiologists
were reported, there has been much interest in reducing radiation

exposure.570

1.5.1 | Effect of exposure

Exposure has deterministic and stochastic effects (Figure 10).>”* For
the deterministic effects, the severity of damage increases with the
dose above a certain threshold, including skin and eye lens damage.
Stochastic effects include carcinogenesis and chromosomal abnor-
malities, which have no threshold but have increasing incidence with
increasing dose.>’? It is important to share knowledge about X-ray
exposure among staff in the catheter laboratory.

1.5.2 | Exposure dose

The patient's exposure source is the X-ray tube, whereas the phy-
sician's exposure source is scattered radiation from the patient's
body. Table 52 summarizes®’® the units of exposure dose and the
measurement method, and Table 53 summarizes the factors affect-
ing exposure.

1.5.3 | Perioperative precautions

Generally, a low pulse rate is used during ablation because fluoros-
copy is mainly used. Therefore, there is little imaging, unlike with en-
dovascular treatment in which catheter electrodes are used, which
are easier to recognize than guidewires. Furthermore, less fluoros-
copy is needed for catheter use and position confirmation with a 3D
mapping system. However, fluoroscopy is often used with a fixed
irradiation angle, and the same site is often irradiated continuously.
Care must be taken because long-term irradiation in the left anterior
oblique position may cause intensive exposure of the right subscap-
ular region and the right arm.>”® Efforts should be made to remove

Stochastic effects

Deterministic effects

Incidence ratio of effect

Spontaneous incidence

l
03 Incidence ratio of effect

1

Threshold dose

Dose Dose

FIGURE 10 Deterministic and stochastic radiation risks. (From
Japanese Circulation Society Joint Working Group, 2011°7* with
permission.)
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Allows estimation of the risk in tissue. Equivalent dose
(H;) is calculated by multiplying the absorbed dose to

the tissue (D;) with the radiation weighting factor (wp).

TABLE 52 Units and methods of
measurement of radiation exposure

Terminology Unit Measurement
Equivalent dose mSv

The wy for X-ray is 1
Effective dose Sv

Used to compare the stochastic risk of non-uniform

exposure to radiation. It is calculated by multiplying
the equivalent dose by a tissue weighting factor (Wt)

2

Dose area product or air Gy*cm

kerma area product the effective dose

Personal dose equivalent  mSv

Measured or calculated by the X-ray system and yields

Measured by the personal occupational dosimeter

The unit of medical radiation dose is Gy, the unit of the absorbed dose, whereas Sv is used for
radioprotection doses. Gy = Sv can be considered for X-rays and y-rays. (From Heidbuchel et al,

2014°7% with permission.)

TABLE 53 Factors affecting radiation exposure and effects thereof

Factor Effect on radiation exposure

Pulse rate, frame rate

A lower pulse/frame rate decreases the radiation dose. As some fluoroscopic systems automatically increase

the pulse width, knowledge of the settings and characteristics of the system is important

Body habitus of the patient

Distance between the image
intensifier and the patient

Distance between the X-ray
tube and the patient

Collimation

Angle

A 10-cm increment in thickness increases the incident dose 4-fold (both for the patient and the operator)

A 10-cm distance increases the incident radiation by 15%

A 10-cm distance decreases the incident radiation by 13%

Dose in a certain irradiated area remains the same, but a reduced area is desirable

The spinal cord and other cardiac tissues fall in between the heart in the left anterior oblique (LAO)

projection, resulting in an increased dose

Device and lead

Arm in the field

If the device is in the center of the field, the radiation dose increases

If the arm is in the center, the radiation dose significantly increases, given the shorter distance. If it is not in

the center, the distance to the arm still becomes short, thus increasing the radiation dose

(From Japanese Circulation Society, 2011°” with permission.)

the upper arm from the irradiation field as much as possible, such
as by using low-rate pulsed fluoroscopy and keeping the upper arm

away from the trunk.

1.5.4 | Advances in 3D mapping systems

The frequently used CARTO® system (Biosense Webster) and
EnSite NavX™ system (Abbott) display the strength and orien-
tation of the contact together with the exact catheter position.
Furthermore, displaying the images on a fluoroscopic image or
cine taken in advance makes it is possible to manipulate the cath-
eter in an environment similar to ordinary fluoroscopy (CARTO
Univu" module, Biosense Webster).?”* The MediGuide” system
(Abbott) can reproduce the captured fluoroscopic images at any
time in line with the patient's heart rate, and a dedicated catheter
can be displayed on the image, enabling catheter treatment with

minimal fluoroscopy.®””

1.5.5 | Awareness and efforts to reduce radiation exposure
Dosimeters are worn on the outside and inside of protective cloth-

ing. The outer part is attached to the head and neck to measure the

exposure dose to the eye lens and head. The inside part is worn in-
side the protective clothing on the abdomen or chest. Protective
clothing has lead equivalents of 0.25, 0.35, and 0.5 mm. The higher
the lead equivalent, the higher the protective ability; however, there
is no significant difference in shielding ability between the com-
monly used 0.25 and 0.35 mm.

Protective clothing has an expiration date. The clothing should
be stored on hangers without being folded, and should not be sat on,
to prevent adding excess stress on the material. It is also necessary
to use fluoroscopy to regularly check if the covering sheet has been
torn.

Table 54 summarizes the types of X-ray protective equipment.

1.6 | Complications and measures

Complications of catheter ablation include not only mechanical
damage to nearby tissues, such as blood vessels, myocardium, es-
ophageal tissues, and nerves, but also damage caused by radiation

exposure and drugs. The former is described here.


https://radiopaedia.org/articles/stochastic-effects?lang=us
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1.6.1 | Outline

A survey in Japan in the early days of catheter ablation®”® revealed
that pericardial effusion accounted for 79% of serious complications,
followed by high-grade atrioventricular block at 15%. Although the

TABLE 54 X-ray protective devices

Shield type Comment

Lead apron Protects the body

Leaded glasses Protects the face, especially the eyes
Thyroid collar Protects the thyroid

Light non-lead type protector (RadCap®)
made of bismuth antimonide

Head protector

Table-suspended Protects the lower body of the operator.
drape In the case of a left-sided device implant,
it needs to be repositioned on the left
side of the table

Lead flap above the Protects the operator's abdomen. It needs to
table overlap with the ceiling-suspended shield

Ceiling-suspended Protects the operator's upper body

leaded plastic shield

Radioprotection cabin Protect the operator's whole body

TABLE 55 Number of sessions,
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incidence of complications varies according to the treated arrhyth-
mia, there was a tendency for complications to increase at institu-
tions treating a small number of cases.

Table 55 shows®’” the rates of complications and the treat-
ment results for cases treated between 2008 and 2010, as tab-
ulated by the Catheter Ablation Committee of the Japanese
Heart Rhythm Society. Catheter ablation has a relatively high
complication rate for some arrhythmias, and the complications
remain the same in paroxysmal supraventricular tachycardia and
atrial flutter (AFL), for which techniques are already established.
Irreversible atrioventricular block requires the implantation of a
permanent pacemaker, which is a complication of catheter abla-
tion that particularly needs attention. It can occur during cauter-
ization of some accessory pathways, although most cases occur
during ablation of AVNRT.

Recently, asymptomatic cerebral embolism associated with left
heart ablation has been attracting attention. It is known to occur at a
high rate in AF ablation (Table 56);>’® however, it has been reported
that new micro-cerebral infarction also occurs postoperatively in
more than half of patients treated with left ventricular endocardial
ablation for VT and premature ventricular contraction (PVC).>”?

Therefore, awareness of this outcome is essential.

.. No. of Repeat sessions Complications Success
complication rates, and acute success )
X sessions (%) (%) (%)
rates of ablation
Preexcitation (WPW, 614 67 (10.9) 8(1.3) 94.6
symptomatic)
Preexcitation (WPW, 27 6(22.2) 1(3.7) 74.1
asymptomatic)

Preexcitation (others) 14 4(28.6) 0(0) 85.7
Concealed WPW 401 50(12.5) 6(1.5) 96.3
AVNRT 1412 130(9.2) 24 (1.7) 98.4
SANRT 25 0(0) 0(0) 100
IST 7 2(28.6) 0(0) 100
PAC 26 6(23.1) 1(3.8) 88.5
AFL 1966 227 (11.5) 26 (1.3) 97.9
AT 538 97 (18) 12(2.2) 77.3
Surgical scar-related AT/AFL 150 28(18.7) 2(1.3) 88
CA-related AT/AFL 67 45 (67.2) 3(4.5) 86.6
AVJ 87 8(9.2) 1(1.1) 89.7
AF 2260 492 (21.8) 41 (1.8) NA
PVC 309 46 (14.9) 3(1.0) 78.6
nsVT 280 28 (10) 1(0.3) 81.1
sVT 362 69 (19.1) 12(3.3) 84
Total 8545 1305 (15.3) 141 (1.7) NA

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia; AVJ, atrioventricular
junction; AVNRT, atrioventricular nodal reentrant tachycardia; CA, catheter ablation; IST, inappropriate
sinus tachycardia; NA, not applicable; nsVT, non-sustained ventricular tachycardia; PAC, premature
atrial contraction; PVC, premature ventricular contraction; SART, sinoatrial reentrant tachycardia; sVT,

sustained ventricular tachycardia; WPW, Wolff-Parkinson-White syndrome.
(From Murakawa et al, 2012°77 with permission.)

[Correction added on 29 June, after first online publication: '96.6' and '8.5' under 'Success (%)' have

been amended to '96.3' and '88.5' respectively.]
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TABLE 56

Complications Incidence (%)

Incidence and prevention of selected complications of AF ablation

Selected prevention techniques

Anticoagulation, catheter and sheath management, TEE

Reduce power, force, and RF time on the posterior wall; monitor esophageal temperature; use

proton pump inhibitors; avoid energy delivery over the esophagus

Cather manipulation; transseptal technique; reduce power, force, and RF time
Avoid high-power energy delivery near coronary arteries

Meticulous performance of the procedure, attentive postprocedural care
Reduce power, force, and RF time on the posterior wall

Avoid circular catheter placement near or across the mitral valve; clockwise torque on the catheter

Monitoring the diaphragm during phrenic pacing, CMAP monitoring, phrenic pacing to
identify location and adjust lesion location

Minimize fluoroscopy exposure, especially in obese and repeat ablation patients; use x-ray

Pre-, post-, and intraprocedural anticoagulation; catheter and sheath management; TEE

Air embolism <1 Sheath management
Asymptomatic cerebral emboli 2-15
Atrioesophageal fistula 0.02-0.11
Cardiac tamponade 0.2-5
Coronary artery stenosis <01
Death <0.1-0.4
Gastric hypomotility 0-17
Mitral valve entrapment <0.1
Pericarditis 0-50 None proven
Permanent phrenic nerve 0-0.4

paralysis
Pulmonary vein stenosis <1 Avoid energy delivery within PVs
Radiation injury <0.1

protective equipment

Stiff left atrial syndrome <1.5 Limit the extent of left atrial ablation
Stroke and TIA 0-2
Vascular complications 0.2-1.5

Vascular access techniques, ultrasound-guided access, anticoagulation management

Abbreviations: AF, atrial fibrillation; CMAP, compound motor action potential; PV, pulmonary vein; RF, radiofrequency; TEE, transesophageal
electrocardiogram; TIA, transient ischemic attack. (From Calkins et al, 2017;°” Reprinted from Heart Rhythm, 14, Calkins et al., 2017 HRS/EHRA/ECAS/
APHRS/SOLAECE expert consensus statement on catheter and surgical ablation of atrial fibrillation, e275-e444, 2017, with permission from Elsevier.)

1.6.2 | AF catheter ablation

The cauterization target in catheter ablation for AF tends to cover
a wide range of myocardial regions, and the types and incidence of
complications differ from those of other arrhythmias.

The rate of complications varies across reports, because of the
effect of the technique, timing, and device specifications. PV ste-
nosis, which was relatively common in the beginning of AF ablation,
was rarely reported with RF ablation catheters; however, caution is
required because it has shown a tendency to increase again with the
widespread use of balloon ablation.

In the USA, a total of 93,801 ablation procedures580 had com-
plication rates of 5.33% in 2000, and 7.48% in 2010. Therefore, the
rate has not decreased. The rate of bleeding requiring postoperative
blood transfusion increased from 0.30% to 1.03%. The overall rate of
in-hospital mortality was 0.42%. It has been suggested that the com-
plication rate tends to correlate with the age of the patients. Table 56

578

shows’’® the complication rates and preventive approaches to compli-

cations, as compiled for the consensus report on AF ablation.

a. | Tamponade. An international joint study by Michowitz et al
found that tamponade occurred in 0.9% of approximately 35,000 AF
ablation procedures.’®! The complication rate inversely correlated
with the number of cases treated at the medical facility and was
higher among women. According to a nationwide survey in Japan,
complications occurred in 4.8% of 8,319 patients, and pericardial
effusion requiring invasive treatment occurred in 1.0%.°%? The
incidence of pericardial effusion was high when a 3D mapping

system was not used. However, unlike overseas observations, no

association was found with sex differences or the number of cases

treated at the medical facility.

b. | Left atrioesophageal fistula. Although the incidence of left
atrioesophageal fistula is as low as 0.02%-0.11%, the mortality
rate is as high as 70%-80%.%78°80:583 Multiple factors have been
suggested as the onset mechanism, including esophageal burn injury
due to cauterization (heating or cryoablation) in the vicinity of the
esophagus, as well as ischemia, gastric acid reflux, and infection due
to esophageal small artery occlusion.>&°

This condition usually occurs about 2-4 weeks postoperatively,
rather than immediately after surgery, and often presents with symp-
toms such as fever, chest pain, impaired consciousness, and shock.>&°
It is important to explain to patients that they need to contact their
doctor if they develop discomfort or pain on swallowing, or abdomi-
nal distension (vagal esophageal disorder) after surgery. Chest CT to
identify thoracic air leaks outside the esophagus is useful for early
diagnosis; however, because endoscopy may exacerbate fistulas and
cause air embolism due to increased esophageal pressure, it is essen-
tial to use carbon dioxide gas.*®%>83°84 Depending on the degree of
injury, esophageal stents and conservative measures may be possible
for cases in which a pericardial esophageal fistula does not extend
as far as the left atrium. Nevertheless, surgical repair before the pa-
tient's general condition worsens is fundamental.>®°

Ablation methods that differ from ordinary RFCA, such as var-
ious balloon ablation methods, have recently been introduced.
Although knowledge of complications specific to these new methods

is still accumulating, it is vital to consider the puncture procedures,
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manipulation of the sheath and catheter, ablation site, and nearby tis-
sues that may be affected by the procedure, to avoid complications.

2 | Electrophysiological study
Introduction

Early cardiac electrophysiology studies (EPS) introduced into clini-
cal practice in the 1970s were aimed at recording the bundle of His
potential, and evaluating sinus node function and atrioventricular
conduction; however, in the 1980s, these studies evolved into test-
ing methods for a range of purposes, from analysis of the tachycardia
mechanism to ablation therapy. In 1990, a 3D mapping system was
developed in which a 3D image of the heart integrating arrhythmia
information was depicted on a computer display, which enabled
searching for the ablation target site while analyzing the arrhyth-
mia mechanism. In the 2000s, fluoroscopy equipment and remote-
control systems were developed to assist in catheter manipulation,
and the current arrhythmia catheterization laboratory has changed

considerably that it could not exist without these high technologies.

2.1 | Electrophysiological study during
catheter ablation

The purpose of the EPS is to induce tachycardia, elucidate the tach-
ycardia mechanism, identify the tachycardia circuit or tachycardia
origin site, identify the ablation site, and determine the effect after
ablation. The mechanism of tachycardia is broadly divided into (1)
reentry, (2) abnormal automaticity, and (3) triggered activity.

If the mechanism of tachycardia is reentry, a provocation method
using extrastimulation and burst stimulation with a short cycle
length (programmed stimulation method) is used. Tachycardia is usu-
ally difficult to induce by programmed stimulation in abnormal auto-
maticity; thus, an induction method using continuous intravenous
isoproterenol is used. A provocation method using frequent stimuli
with a relatively long cycle is used for triggered activity.

Elucidation of the tachycardia mechanism and identification of
the tachycardia circuit include methods using conventional electro-
physiological techniques and mapping using a 3D mapping system.
Current 3D mapping systems have made it possible to identify rapid
and high-resolution tachycardia circuits, which has contributed to
the elucidation of tachycardia mechanisms. These systems are be-
coming increasingly used because of their contribution to reducing
radiation exposure. With either method, the optimal ablation site is
the earliest excitation site in tachycardia owing to abnormal auto-
maticity or local (micro) reentry, and the essential conduction path-
way within the reentrant circuit in macroreentrant tachycardia. The
effect of ablation is confirmed by the fact that tachycardia is not
induced by drug loading, such as isoproterenol, or a programmed
stimulus for the former mechanisms, and non-inducibility and dis-

ruption of essential conduction pathways for the latter mechanism.
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EPS for ablation of accessory pathway syndrome are imple-
mented for the evaluation of the conduction properties of accessory
pathways, for diagnosis of the site, for differential diagnosis of multi-
ple accessory pathways or atriofascicular fibers (Mahaim fibers), and
for provocation of atrioventricular reentrant tachycardia (AVRT).

In AVNRT, the EPS is implemented to diagnose typical (slow/fast)
and atypical (fast/slow, slow/slow) forms, to make a differential diag-
nosis between fast/slow AVNRT and the permanent form of junctional
reentrant tachycardia with a slow accessory pathway, and to differen-
tiate adenosine triphosphate (ATP)-sensitive atrial tachycardia.

With atrial tachycardia, the EPS can distinguish ectopic atrial
tachycardia, local reentrant atrial tachycardia, and macroreentrant
atrial tachycardia based on the tachycardia induction method and
responsiveness to ATP.

In AFL, the EPS is used to diagnose common AFL rotating around
the tricuspid annulus by recording the right atrial potential with a mul-
tipolar catheter electrode, and entrainment mapping is performed
from the isthmus between the tricuspid annulus and the inferior vena
cava, to confirm that the isthmus is an essential conduction pathway.
In isthmus-independent AFL, the reentrant circuit is identified with 3D
mapping and the optimal ablation site is examined.

In AF, the EPS aims to induce the triggers that contribute to the
onset and maintenance of AF and to identify their origin, to confirm
PVI (bidirectional block) after ablation, to evaluate AF inducibility,
and to assess whether there are other atrial tachyarrhythmias such
as AFL or atrial tachycardia.

It is important to select the appropriate induction method and
mapping method for VT, depending on the tachycardia mechanism
and disease type, including idiopathic outflow tract VT, verapamil-
sensitive VT, and macroreentrant VT with arrhythmogenic substrate
as the structural heart disease. The optimal ablation site is identified
through activation mapping, pace mapping, entrainment mapping,

arrhythmia substrate mapping, etc.

2.2 | 3D mapping systems

2.2.1 | CARTO®
The CARTO® system (Biosense Webster) acquires electrophysi-
ologic information while simultaneously acquiring anatomical infor-
mation using a magnetic sensor in the catheter, to render a 3D image
of the heart chamber, and displays the excitation pattern within the
heart chamber and potential information at various sites. The cath-
eter can be manipulated without fluoroscopy, thereby reducing ra-
diation exposure. The mapping system also contributes to improving
the effectiveness and safety of ablation by measuring and displaying
the contact force at the tip of the catheter (contact force) in real
time.

The 4 main functions of the CARTO® system are described
below.

a. | Diagnosis of excitation pattern. The reentrant circuit and the

earliest excitation site are displayed to provide useful information
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for determining the ablation site. The automatic mapping function,
called the CONFIDENCE"™ Module, enables acquisition of a large
amount of information in a short time using a multipolar catheter.
Previously, the conduction time compared with the reference was
displayed as excitation propagation in the order of red-orange-
yellow-green-blue-indigo-violet (isochronous map). However, at
present, the Ripple Mapping function can be used to display the
excitation and potential peaks of each site with bar heights and
timing. This function can continuously display the excitation sites
on an equipotential map independent of the reference, which is

expected to enable analysis of more complex circuits.

b. | Depiction of the arrhythmia substrate. The pathological
myocardium has low-voltage amplitude on bipolar or unipolar
recordings (low-voltage area [LVA]). Thus, pathological sites
such as areas of fibrosis and surgical scars can be visualized on
the basis of this principle. In addition, abnormal potentials such
as fractionated electrograms are recorded at conduction delay
sites. These “arrhythmogenic substrates” are the essential site of
reentrant circuits, and ablation methods based on these substrates
are now commonly used, especially in VT ablation in which mapping
during tachycardia is difficult. In bipolar potential recordings, the
normal amplitude in the atrium is generally >0.5 mV, that in scar
sites is <0.1 mV, and that in the ventricles is >1.5 and <0.5 mV,
respectively. However, the amplitude is affected by factors
such as electrode spacing, direction of excitation, and tissue
characteristics.

c. | Display of anatomical information. The real-time anatomical
information obtained by the CARTO® system can be integrated
with pre-installed CT images and real-time echo images of
intracardiac echograms (CARTOSOUND®). CARTOSOUND® is
useful for recognizing important structures, such as the aortic valve
and papillary muscle, during VT ablation. It greatly contributes to
the understanding of the complex anatomy in congenital heart
disease.

d. | Display of ablation information. Ablation information
includes the ablation site, setting power output, and catheter tip
contact force. These are integrated and displayed as a tag, and
whether or not sufficient ablation was performed at a stable
catheter location is displayed with color density. The ablation
index, which is calculated using the combination of time, contact
force, and RF power, is used for ablation of cardiac tissue. As the
ablation index positively correlates with the size of the ablation
lesion in particular, it is expected to enable safe and effective
ablation.

2.2.2 | NavX™

a. | Basic principles. With the NavX™ system (Abbott), 3 pairs
of electrodes are attached along the X, Y, and Z axes of the body
surface. Thereafter, a small current is generated from the electrodes

to create an impedance field around the heart. It measures the

voltage attenuation of the catheter electrode in the heart chamber,
determines the spatial position, and displays the catheter on
the screen. With an electrode catheter, navigation is possible
irrespective of the type and manufacturer of the catheter. In
addition, the coordinates of each electrode are recorded by moving
the electrode catheter in the heart cavity, and a 3D image of the
heart is constructed.

Recently, a field frame that generates a magnetic field under
a table and a Sensor Enabled™ catheter with a dedicated position
sensor have been used to enable the creation of high-precision 3D
models combining the conventional impedance field and magnetic
field accuracy.

b. | Clinical application. Use of the impedance field allows
simultaneous display of multiple electrode catheters in real time,
which is useful for reducing radiation exposure.

The AutoMap Module for morphological matching of ECG wave-
forms can be used to acquire potential information. Furthermore,
using the TurboMap function to reproduce the recorded data 10
times faster and recreating the AutoMap with the changed set-
tings for each parameter have enabled rapid mapping of second-
ary arrhythmias that are common in conditions such as ventricular
arrhythmia.

The SparkleMap function visualizes 2 sets of data related to the
tachycardia circuit, namely excitation propagation and local voltage
amplitude, on a single map, which is useful for the analysis of ar-
rhythmia diagnosis.

In addition, clinical studies have demonstrated that measurement
of the contact pressure between the tip of the catheter electrode
and the tissue is a factor affecting the effectiveness of the proce-
dure.>858 The TactiCath™ Quartz ablation catheter using optical
interferometry, which led to the creation of recommended guide-
lines, was introduced into the EnSite™ system. As a result, the mea-
sured contact pressure at the tip of the catheter can be displayed in
real time in the EnSite system (Figure 11). The contact pressure can
be updated in the AutoMap settings. A TactiCath Contact Force ab-
lation catheter with the aforementioned Sensor Enabled™ function
will be introduced sometime in the future.

Furthermore, it is possible to use AutoMark Module, which au-
tomatically displays the amount of ablation represented by the size
and color of marking spheres according to the user-defined require-
ments. This function allows the operator to freely select the condi-
tions to reference and is expected to improve the consistency of the
procedure and the stability of the catheter.

2.2.3 | RHYTHMIA™
a. | Basic principles. RHYTHMIA™ (Boston Scientific) is a system
that can automatically capture only those beats that meet certain
recording conditions, enabling accurate and rapid acquisition of a
multiple-point map.>8”

A dedicated IntellaMap Orion™ mapping catheter with a mag-
netic sensor is used for mapping. The electrodes of this catheter

have a very small surface area of 0.4 mm?, which can clearly display
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FIGURE 11 Pulmonary vein isolation using the TactiCath™
Quartz ablation catheter. The location of the catheter and the
contact force measurement value are visualized. During PVI, the site
of the catheter in contact with the tissue, the contact area, and the
contact pressure are presented in a bullseye map format (Center)

and acquire potentials that were previously difficult to analyze, such
as abnormal potentials in LVAs. The position identification method
uses hybrid technology that combines magnetism-based technology
and electric resistance-based technology.

In continuous mapping mode, each beat can be evaluated for a
maximum of 7 recording conditions and 4 trigger channels predeter-
mined by the user before mapping, and points and geometry can be
automatically acquired simultaneously.’®” The dedicated IntellaMap
Orion™ mapping catheter has a total of 64 electrodes, with 8 poles
on 8 splines. The surface area can be reduced by using a printed
electrode attached only to the outside of the spline, to obtain local

potential information.

b. | Clinical

interpretation, the large number of points, and the characteristics

application. Automation of  local potential
of the electrodes on the IntellaMap Orion mapping catheter allow
for accurate depiction of scars, incision lines, and sites of delayed
conduction even in atrial tachycardia caused by complex circuits.”®®
Figure 12 shows a mapping image of a reentrant case with rotation
in 2 places in the gap between the left atrium and the PV after a PVI
procedure.

A 12-lead waveform recognition function is provided for ventricu-

lar arrhythmias, which enables automatic and accurate recognition.589

2.3 | Navigation systems

2.3.1 | Niobe™

a. | Basic principles. The Niobe™ system (stereotaxis) can guide
the tip of a special catheter containing magnets by tilting and
rotating around a strong magnetic field from magnets installed on
both sides of the catheter examination table. The catheter is very
flexible; the angle is controlled in 1-degree increments; the drive is

controlled in 1-mm units with directional control using magnetism;
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FIGURE 12 RHYTHMIA™ mapping clearly demonstrating the
atrial reentrant tachycardia related to 2 left atrial-pulmonary vein
gaps. A total of 52,319 points can be acquired in 10 min, and clear
gap-to-gap reentrant data are depicted

and the advance and retreat motions are controlled by the catheter
drive.>’° As catheter manipulation can be performed in the control
room, the operator is completely protected from radiation exposure
and the patient's exposure is reduced.>”* Itis used as CARTO RMT™,
together with the CARTO system and can be manipulated under 3D
constructed cardiac imaging.>’? A method used in combination with

the EnSite system has also recently been developed.®”®

b. | Clinical application. Compared with catheters with normal
manual operation, it is necessary to provide instructions, separating
the direction setting and advance/retreat motions within the space,
which requires a certain degree of skill. As the catheters are very
flexible, the risk of cardiac perforation is extremely low and good
contact can be obtained. Results comparable to those of manual
operation have been reported for AVNRT,>° atrial tachycardia,
AF,%%2 and VT.°* Results superior to those of manual operations by
physicians have been obtained in ablation for adult congenital heart
disease using a transaortic retrograde approach to the systemic
atrium after atrial switch operation and catheter manipulation for

difficult-to-reach sites in the left atrium and both ventricles.??>">?7

2.3.2 | MediGuide™

MediGuide™ (Abbott) displays real-time catheters, sheaths, and
guidewires with dedicated miniature sensors on fluoroscopy im-
ages prerecorded under heart rate synchronization, which ena-
bles the creation of a normal operating environment as if using
fluoroscopy.’”® A reference magnetic sensor is attached to the pa-
tient's chest, and an ECG signal is inputted for synchronizing with
the cardiac cycle. Image shift due to body motion, respiration, and
heartbeat is corrected. The transmitter attached to the X-ray detec-

tor forms an electromagnetic field and indicates the position of a
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dedicated catheter and other devices with the reference as stand-
ard. The fluoroscopic video captures the image in an arbitrary direc-
tion for =3 s, and it is played back in a loop adjusted with heart rate.

The position accuracy is reported to be within 1 mm.>"?

a. | Catheter ablation. When used in combination with the EnSite
Velocity™ system, the accuracy of the catheterand electrode position
information is increased, and more accurate maps are created. It is
also possible to display the tip and shaft of the electrode catheter in
fluoroscopy, and to display the ablation site with a tag (Figure 13),
enabling the use of these devices without changing the normal flow
of the procedures. It has been reported that it significantly reduces
fluoroscopy time during ablation for conditions such as AF,>7>¢0°
and AFL.%°? Preserving the aortic and coronary angiograms will be
useful for PVCs originating from the aortic cusps and for epicardial-

approach ablation.

b. | CRT device implantation. Cardiac resynchronization therapy
(CRT) is known to have high radiation exposure during operation
owing to the frequent use of the LAO position, the inability to use a
shield to maintain a clean area, and the close proximity of the X-ray
tube to the operator. Using the MediGuide system, a CRT device
can be implanted with the dedicated guiding sheath, subselection
catheter, and 0.014-inch guidewire displayed on an image. A
comparative study using MediGuide and normal fluoroscopy showed
that radiation exposure was reduced by 81.8% and the procedure

time was also decreased.®%?

c. | Limitations. There are only a limited number of devices
equipped with dedicated magnetic sensors. Therefore, not all
catheters and sheaths can be visualized. Further development is
expected in the future.

3 | Supraventricular tachycardias

3.1 | WPW syndrome and other ventricular
preexcitation syndromes

3.1.1 | Catheter ablation indication

In 1930, Wolff, Parkinson, and White reported a paroxysmal
tachycardia that developed in a healthy young person, together

B 10 714

1[0022] Zoom: 1.0/ SIBFO2ARAGSONEAT0

om: 1.0 SID: 1028 FA©

with the specific ECG findings observed during sinus rhythm, and
this condition was named WPW syndrome.®®® Table 57 shows
the recommendations for catheter ablation for WPW syndrome.
Since that time, it has been suggested that there is an accessory
pathway (Kent fiber) connecting the atrium and ventricle other
than the atrioventricular node. It is often referred to as preex-
citation syndrome, and this syndrome causes various tachycar-
dia attacks because of the presence of a reentrant circuit not
involved in healthy individuals. WPW syndrome was classified by
Rosenbaum et al as type A with a high R wave in the V1 lead and
an accessory pathway in the posterior wall of the left ventricle,
and as type B with an rS pattern in the V1 lead and an accessory
pathway in the right ventricle.®®* Furthermore, the QS pattern in
the V1 lead suggests the presence of a septal accessory pathway.
In Japan, this type is classified as type C.°%> Arruda et al have
reported that the location of the accessory pathway can be esti-
mated by examining in detail the polarity of the delta wave in a
12-lead ECG.%%

Although the disease generally has a good prognosis, caution is
needed because of the risk of the development of life-threatening
ventricular arrhythmia when AF occurs in patients with preexci-
tation syndrome. RF catheter ablation for WPW syndrome has

607 with an extremely

been performed for more than 20 years,
high success rate of 93%-95% and a low risk of serious complica-
tions of 2%-3%.08°0? The recurrence rate is reported to be 8%,
with some cases requiring repeat ablation procedures. Catheter
ablation is a radical therapy, unlike pharmacological therapy.
Successful catheter ablation eliminates the need for regular out-
patient visits and medications, and is an excellent treatment both
in terms of medical economics and patients’ QOL. Therefore, it is
now considered the first-line therapy for patients with symptom-
atic preexcitation syndrome. In addition, the Mahaim fibers, which
connect the atrium and fascicular fibers, have anterograde dec-
remental conduction properties without retrograde conduction.
Antidromic atrioventricular reciprocating tachycardia (AVRT) may
occur; therefore, catheter ablation is effective for its treatment, as
in WPW syndrome.%*°

Catheter ablation is recommended regardless of antegrade or
retrograde AVRT in patients with preexcitation syndrome, who
often show recurrent palpitations. There is a risk of sudden death if
AF develops with dizziness or syncope; thus, catheter ablation is also

recommended in these cases.

FIGURE 13 MediGuide™ system. The
real-time position of the ablation catheter
is displayed, and sites of interest can be
tagged on the looped cineangiogram
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TABLE 57 Recommendations and
evidence levels for catheter ablation in
patients with preexcitation syndrome

Catheter ablation of the accessory pathway is
recommended in patients with symptomatic
supraventricular tachycardia associated with
the accessory pathway

Catheter ablation of the accessory pathway
is recommended in patients with severe
symptom associated with preexcited
tachycardiac AF/AT

Catheter ablation of the accessory pathway
should be considered in asymptomatic
patients if the presence of preexcitation
precludes specific employment that places
the patient or others at risk

Catheter ablation of the accessory pathway
should be considered in asymptomatic
patients with a high risk for arrhythmic events

Catheter ablation of the accessory pathway
may be considered for asymptomatic patients
with preexcitation syndrome when indicated

GOR LOE
COR LOE (MINDS) (MINDS)

\

by patient preference

Abbreviations: AF, atrial fibrillation; AT, atrial tachycardia; COR, class of recommendation; GOR,
grade of recommendation; LOE, level of evidence.

Catheter ablation may be considered for cases in which the
first tachyarrhythmia attack might cause a serious accident in-
volving the life of the affected individual and others even in the
absence of symptoms, such as in professional drivers or compet-
itive athletes.'* For more information on working after ablation,
see Chapter VI, Returning to/attending school or work after
non-pharmacotherapy.

Although overt WPW syndrome may be detected in school
medical examinations, cases of a relatively narrow QRS width may
include fascicular ventricular accessory pathways.®'? Tachycardia
attacks do not occur in these cases, and no intervention such as
antiarrhythmic drugs or ablation is required. Intravenous adenosine
triphosphate (not approved by insurance) and atrial stimulation from
multiple sites can differentiate this condition from WPW syndrome
(atrioventricular accessory pathway).6*®

In general, patients with asymptomatic WPW syndrome have a
good prognosis, and the rate of sudden cardiac death is 0.05%-0.2%
per year.8*? Rather than the symptom of palpitations, a shortened
antegrade effective refractory period is considered to be a risk fac-
tor for the development of VF. Patients with WPW syndrome and a
history of cardiac arrest often have an antegrade effective refrac-
tory period of <220 ms®®® In the USA, even if a patient is asymptom-
atic, if the anterograde refractory period of the accessory pathway
is <240 ms in the EPS, the patient is classified as high risk,%? and
catheter ablation is considered. Invasive tests to measure the ef-
fective refractory period of accessory pathways are not routinely
performed in Japan. If the shortest RR interval is <250 ms during AF
with preexcitation, the patient is classified as high risk regardless of

614,615

the presence or absence of symptoms, and catheter ablation

is considered. Conversely, the risk of VF is low in intermittent WPW

syndrome in which the delta wave intermittently disappears,®'® and
this is an important finding for risk stratification.

In a registry study of 2,169 patients, VF developed in 15 of 1,001
(1.5%) patients who had not undergone catheter ablation over a fol-
low-up period of 22 months, and 13 (87%) patients were asymptom-
atic until VF episodes occurred.®?

Considering these risks and the possibility of AF development,
catheter ablation is considered if patients prefer to receive the ther-
apy. However, because there is a risk of the unavoidable complica-
tions associated with the ablation procedure, it is important that
informed consent is obtained from the patients after providing them

with an explanation about the benefits and risks of the treatment.

3.1.2 | Catheter ablation procedures
Ablation procedures for WPW syndrome have different approaches
depending on the location of the accessory pathway. With right ac-
cessory pathways, the supravalvular approach from the right atrium
is chosen. However, when the accessory pathway is in the free wall,
stable catheter manipulation can be achieved by using a (steerable)
long sheath. For left accessory pathways, either a transseptal ap-
proach using the Brockenbrough method or a retrograde transaortic
approach is used. Some patients have multiple or broad connecting
accessory pathways; thus, detailed mapping before ablation is im-
portant. Although catheter ablation can be performed with only an
electro-guided approach by using a multipolar electrode catheter,
also using a 3D mapping system enables safer and more accurate
identification of the successful ablation site.

In overt WPW syndrome, the earliest ventricular activation
site is identified during sinus rhythm or atrial stimulation; how-

ever, in concealed WPW syndrome, the earliest atrial activation
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site is identified during ventricular pacing in order to determine
the optimal ablation site. When the bipolar electrograms from the
tip of the ablation catheter shows fusion of the atrial and ventric-
ular electrograms, elimination of the accessory pathway can be
achieved by RF energy delivery at that site with a high success
rate. In overt WPW syndrome, elimination of the accessory path-
way can be achieved at the ablation site where the unipolar re-
cording from the distal ablation catheter electrode shows a PQS
pattern.

If ventricular preexcitation is prominent via the accessory path-
way existing at the anterior septum or the mid-septum, it may not
be possible to record the His bundle electrogram clearly. In such
cases, the His electrogram can be identified by single atrial extra-
stimulation, which produces the refractory period of the accessory
pathway. RF energy is applied from a low power using a 4-mm tip
ablation catheter to prevent atrioventricular block. The posterosep-
tal accessory pathway is often close to the coronary sinus ostium.
Elimination of the accessory pathway may be difficult because of
the presence of accessory pathways at the epicardium. It is useful to
determine the anatomy of the coronary sinus ostium and to confirm
the presence of a coronary diverticulum using coronary venography

to determine the optimal ablation site.

3.1.3 | Catheter ablation complications

Except for the common complications associated with all ablation
procedures, a notable complication in WPW syndrome is complete
atrioventricular block caused by RF current delivery to the accessory
pathway from the anteroseptum to the mid-septum. The incidence
is reported to be 2%-10%.1718 The recurrence rate of accessory
pathways at the same site is 11%-25%, which is higher than that
of other complications.*®%Y The efficacy and safety of ablation
of accessory pathways in the septal area have improved in recent
years;%?% however, informed consent, especially with respect to the
complications, is particularly important when the location of the ac-
cessory pathway is suggested to be in the septal area in patients with

overt WPW syndrome.

COR LOE

Catheter ablation of the slow pathway is
recommended in symptomatic patients with
AVNRT

Catheter ablation of the slow pathway should be
considered when AVNRT is noninducible, but
a dual AVN physiology is observed in an EPS
and an ECG of a supraventricular tachycardia is
documented

Catheter ablation of the slow pathway should be
considered when AVNRT is contingently induced
in an electrophysiological study or during catheter
ablation therapy for another tachycardia

3.2 | Atrioventricular nodal reentrant tachycardia

3.2.1 | Ablation indication
Table 58 shows the ablation recommendations for AVNRT.

AVNRT is a tachycardia with a fast pathway that enters the atrio-
ventricular junction (compact atrioventricular node) from the ante-
rior (upper) side and a slow pathway from the posterior (lower) side.
It is classified as either typical (slow/fast type) or atypical. Atypical
AVNRT was previously classified into fast/slow and slow/slow
types,®?! although leftward inferior extension slow/fast, left atrial

t,%22 and superior fast/slow®? types have also been re-

slow/fas
ported. However, some reports suggest that they should be treated
collectively as atypical AVNRT.®** Randomized controlled trials
(RCTs) have also reported that ablation for AVNRT is more useful

than pharmacotherapy.®?*

3.2.2 | Ablation procedure

a. | Ablation for typical AVNRT. The target of ablation in AVNRT is
the slow pathway. There are 2 methods: targeting a specific potential
recording area (electrogram-based approach) and anatomically
targeting a specific area (anatomical approach). With the former
method, ablation is performed at the area known as the Jackman
potential®®® recording area in the posteroseptum to mid-septum
region of the tricuspid annulus or the area known as the Haissaguerre

potential®?’

recording area in the septum, as well as in areas where
the atrial potential is smaller than the ventricular potential (<0.2).
The anatomical approach is a method in which RF energy application
is attempted from the coronary sinus ostium of the posteroseptum
(Figure 14A, P1, P2 areas). If ineffective, the ablation site is gradually
moved to a higher position (Figure 14A, M1, M2 areas). In practice, the
electrogram-based approach and the anatomical approach are often
used in combination. If attempts are unsuccessful, radiofrequency
energy application within the coronary sinus (Figure 14B, CS apical
edge) may be effective.

The risk of atrioventricular block generally increases as the ab-

lation site moves in an anterior-superior direction. Care should be

TABLE 58 Recommendations and
evidence levels for catheter ablation of
AVNRT

GOR LOE
(MINDS)

(MINDS)
Il

Abbreviations: AVN, atrioventricular nodal; AVNRT, atrioventricular nodal reentrant tachycardia;
COR, class of recommendation; EPS, electrophysiological study;GOR, grade of recommendation;

LOE, level of evidence.
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FIGURE 14 Slow pathway ablation
using the anatomical approach. AVN,
atrioventricular node; CS, coronary sinus;
HB, His bundle; RA, right atrium; RV, right
ventricle; TT, tendon of Todaro

taken even with RF energy application on the posteroseptum region
because there are rare cases in which the fast conduction pathway

deviates posteriorly.

b. | Method of RF energy application. It is important to fix the
electrodes and maintain good contact with the tissue to ensure
that the slow conduction pathway is definitely ablated, and
atrioventricular block is avoided. It should be confirmed that the
electrodes are in contact with the atrial septum on the LAO view.
Selecting a long sheath can be useful in some cases. Normally, a
non-irrigated catheter is used. In this case, the output settings are
a maximum electrode-tissue interface temperature of 50-55°C and
maximum power of 30-35 W. If atrioventricular junction rhythm
does not appear within 20-30 s of starting the application, the
application should be stopped, and the ablation site should be
changed.

In ablation of slow pathways, the appearance of atrioventricu-
lar junction rhythm during RF energy application is an indicator of
effective ablation. If atrioventricular conduction can be confirmed
at a 1:1 ratio during atrioventricular junction rhythm, the applica-
tion is continued.®?® The appearance of atrioventricular block should
be carefully monitored, and the application should be stopped as
soon as the block appears. Attention should be paid to prolonged
PR interval and the appearance of atrioventricular block during sinus
rhythm. If the atrioventricular conduction is originally poor, atrial
pacing is performed at a rate higher than the heart rate of the junc-
tion rhythm, and RF energy is applied while confirming that there is
no prolongation of the PR interval. It has been reported that rapid
junction rhythm with a heart rate of 2100 beats/min is a risk fac-
tor for atrioventricular block.®?’ The endpoint of ablation should be
non-inducibility of AVNRT with programmed stimulation or burst
stimulation after isoproterenol loading. However, up to 1-2 atrial
echo waves are allowed.

3.2.3 | Outcomes

a. | Successrate. The success rate of AVNRT ablation was high, at
97%, in the North American Society of Pacing and Electrophysiology
(NASPE) survey®3° reported in 1995, and high rates of 96.1%-97.3%
were maintained in subsequent reports.®32¢32 The long-term results
are excellent, with a recurrence rate <1% in 5 years in patients

successfully treated during the acute phase.®*®
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TABLE 59 Short-term success, recurrence, and risk of
atrioventricular block (AVB) after catheter ablation for AVNRT

Short-term
Approach n success Recurrence AVB
Posterior 620 98% 3.7% 0.8%
Mid-septal 189 98% 0.6% 2.6%
Anterior 177 89% 9.6% 8.0%

Abbreviations: AVB, atrioventricular block; AVNRT, atrioventricular nodal
reentrant tachycardia. (From Naccarelli et al, 199593 with permission.)

NASPE survey,630

atrioventricular block occurred in 0.1% of cases. According to another

b. | Complications. According to  the

survey on the results of slow pathway ablation during the 5-year
interval of 1997-2002,%32 the incidence of high-grade atrioventricular
block requiring pacemaker implantation was 0.4% among 8,230
patients with AVNRT. The incidence of atrioventricular block is closely
related to the site of RF energy application, with a higher incidence in
the mid- and anteroseptum than in the posteroseptum (Table 59).6%4
Conversely, the amount and duration of RF energy application tend
to be insufficient in these regions, which is likely to increase the
recurrence rate. If the ECG during sinus rhythm shows a marked
first-degree atrioventricular block, there is increased incidence of
atrioventricular block after slow pathway ablation.®® Marked first-
degree atrioventricular block may lack anterograde conduction
through the fast pathway; thus, complete loss of slow pathway
conduction indicates atrioventricular block. Ablation of the retrograde
fast pathway may be attempted. However, the patient's consent must
be obtained with respect to the associated risk, and sufficient care
is needed to avoid atrioventricular block. Long-term postoperative
follow-up is necessary for the occurrence of atrioventricular block.

c. | Recurrence rate. According to the survey described above,3®
1.3% of cases required a repeat ablation procedure, and a meta-

analysis reported a repeat procedure rate of 3.2%.5%?

d. | Cryoablation. Cryoablation is now available in Japan for
AVNRT. Cryoablation is reported to reduce the occurrence of
atrioventricular block, and it may be useful in young patients.
However, a multicenter study by Deisenhofer et al®®® and a meta-

analysis by Henninen et al®® reported that the efficacy and safety of
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cryoablation are almost the same as those of RF ablation, whereas,
conversely, the recurrence rate in the chronic phase is higher with
cryoablation. As the procedures of cryoablation differ from those of

RF ablation, care is needed during the former,836:6%7

3.3 | Typical AFL (involving the tricuspid annulus-
inferior vena cava isthmus)

3.3.1 | Ablation indication

Table 60 shows the recommendations for catheter ablation of AFL.
AFL has a macroreentrant mechanism that rotates around the

right atrial tricuspid annulus in a counterclockwise direction and

is characterized by a negative sawtooth wave on the ECG inferior

leads. When turning clockwise, it is called a reverse typical AFL, and

flutter waves induced by the inferior leads become positive.®3®

In both cases, the tricuspid annulus forms an anterior anatomic bar-
rier, with the superior vena cava, inferior vena cava, and Eustachian

ridge forming the posterior anatomic barriers. The presence of the

639

crista terminalis®®’ and the sinus venosa area®*® as a posterior func-

tional barrier allows tachycardia to persist. In the tachycardia circuit,
the anatomical isthmus (cavotricuspid isthmus [CTI]) between the tri-
cuspid annulus and the inferior vena cava is an essential conduction

pathway, and can be radically cured by linear cauterization of the

COR LOE

Catheter ablation is recommended for patients
with typical AFL that is either symptomatic
or refractory to pharmacological rate/rhythm
control

Catheter ablation is recommended for patients
with typical AFL that is either symptomatic
or refractory to pharmacological rate/rhythm
control

Catheter ablation of AFL should be considered
for patients with typical AFL that occurs as a
result of antiarrhythmic therapy for AF

Catheter ablation should be considered for
patients with asymptomatic typical AFL,
structural heart disease, and reduced cardiac
function

Catheter ablation of typical AFL should be
considered for patients with typical AFL
that is induced inadvertently at the time of
catheter ablation for tachycardia other than
AF

Catheter ablation should be considered for
patients with typical AFL that requires
pharmacological rate/rhythm control therapy

Catheter ablation may be considered for
patients with asymptomatic recurrent typical
AFL

same area. The ablation procedure for AFL is relatively simple, and its
safety and therapeutic effect are superior to those of pharmacother-
apy.8*%43 Therefore, treatment is naturally indicated if the disease is
symptomatic because it may exacerbate heart failure if complicated
by reduced cardiac function;®** however, treatment should also be ac-
tively considered even for asymptomatic cases and may also be consid-
ered for asymptomatic recurrent cases.®3%641:645

AFL may develop during treatment with group | antiarrhythmic
drugs for AF. Most of the AFLs that occur during the use of class |
drugs are counterclockwise normal AFLs due to the specific thera-
peutic effect of these drugs in the CT1.8% Therefore, improvement
in the pathology can be expected with linear ablation of the CTl and
continued use of antiarrhythmic drugs;®'***¢*8 however, relapse of
AF during follow-up is not uncommon.®#” Ablation should be consid-
ered for symptomatic AF.

Linear ablation of the CTI should be added if AFL is induced during
ablation for AF, if AFL is detected before ablation, or if it is determined
that AFL is likely to appear after AF ablation.?78:64%950 |t has been re-
ported that when both AF and AFL are clinically present, triggers

(non-PV foci) from sources other than the PV are likely to provoke AF.%>!

3.3.2 | Ablation procedure
The risk of thromboembolism increases even in persistent AFL, and

is about one-third the risk of AF.9%2 Anticoagulant therapy should be

TABLE 60 Recommendations and
evidence levels for catheter ablation of
typical AFL

GOR LOE
(MINDS)

(MINDS)

IVa

VI

VI

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; COR, class of recommendation; GOR, grade

of recommendation; LOE, level of evidence.
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administered in the perioperative period in accordance with AF anti-
coagulant therapy for AFL with a CHADS, score 22 or persistent AFL
(refer to Guidelines for pharmacotherapy of atrial fibrillation [JCS
2013]°) for detailed information).

Typical AFL is diagnosed by analyzing the excitation sequence
using a multielectrode catheter placed in the tricuspid annulus.
Furthermore, the postpacing interval (PPI) period immediately
after entrainment pacing from the CTI should match the flutter
cycle; thus, it should be confirmed that this area is included in the
tachycardia circuit. However, in approximately 20% of cases, the
PPl after CTl pacing may be longer than the flutter cycle by 230 ms,
sometimes by almost 100 ms, which hinders diagnosis. This has
been attributed to local pacing latencies or conduction delays prox-
imal to the pacing.®®* In this case, the pacing cycle length should be
moved closer to the flutter cycle length, or the pacing site should
be moved slightly within the CTI and the examination should be
performed again.

Non-irrigated or irrigated catheters are used for ablation.
Ablation is started from the tricuspid annulus where a large ventric-
ular potential is observed, and application of RF energy is repeated
at sites moving a few millimeters away at a time to perform a linear
ablation as far as the inferior vena cava. When the catheter reaches
the inferior vena cava, the advancement of the catheter tip into the
inferior vena cava is recognized with fluoroscopy and the atrial po-
tential disappears; thus, RF energy delivery should be stopped. A
bidirectional conduction block in the CTl is determined by a change
in the excitation sequence of a multielectrode catheter placed in the
tricuspid annulus during pacing from the coronary sinus or the lower
right atrial wall. However, a change in the sequence of excitation
often indicates that a conduction gap remains despite the block ap-
pearing to be complete (pseudo-CTI block).®>® If the presence of a
gap is revealed by analysis of the potential along the ablation line

TABLE 61 Recommendations and
evidence levels for catheter ablation of
focal atrial tachycardia

For patients with symptomatic recurrent
focal atrial tachycardia, catheter ablation is

recommended

For patients with recurrent focal atrial
tachycardia, especially if incessant, catheter
ablation is recommended

For patients with focal atrial tachycardia and
tachycardiomyopathy, catheter ablation is

recommended

For patients with focal atrial tachycardia and lla C
depressed LV function due to structural
heart disease, catheter ablation should be

considered

For patients with symptomatic focal atrial lla C
tachycardia who do not prefer antiarrhythmic
medication, catheter ablation should be

considered
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after linear ablation or differential pacing,”’ it is important to
achieve a complete bidirectional block with additional applications
of RF energy.

AFL ablation is a well-established effective and safe procedure;
however, it can be difficult to create blocks with complex anatom-
ical features such as the presence of pouch-like recess or concave
CT1.5%® These cases also pose a risk of complications such as right
coronary artery injury, spasm, and cardiac tamponade. In such cases,
it is better to consider a new target in the septal isthmus with a flat-
ter structure, rather than insisting on completing the transection at
the same site.®®” However, as the ablation line includes the coronary
sinus and the surrounding tissue, care is needed to avoid creating an

atrioventricular block.

3.4 | Atrial tachycardia

3.4.1 | Catheter ablation indication
Table 61 shows the recommendations for catheter ablation of focal
atrial tachycardia.

Atrial tachycardia includes conditions with a focal excitation due
to abnormal automaticity (ectopic automaticity, triggered activity)
or microreentry (hereinafter, focal atrial tachycardia) and conditions
caused by macroreentry. The classification of the latter is ambig-
uous when differentiating from non-isthmus-dependent atypical
AFL. Focal atrial tachycardia can originate from the sinus node area
(sinus node reentrant tachycardia); the atrioventricular node area;

the vicinity of the bundle of Hig;660-663

and the annulus, crista termi-
nalis, PV, superior vena cava, coronary sinus ostium, atrial septum,
and atrial appendage.®®4%%” Of these, the types originating from
the atrial appendage or PV are more likely to involve ventricular

dysfunction.®%®

GOR LOE
(MINDS)

COR LOE (MINDS)

© B 1Va

IVa

Vb

VI

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; LOE, level of
evidence; LV, left ventricular.
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Medi et al®®® reported that 8 of 30 (27%) people with tachycardia-
induced cardiomyopathy had an atrial appendage origin, and 8 of 19
(42%) people with atrial tachycardia originating from the atrial ap-
pendage had tachycardia-induced cardiomyopathy. Moreover, 8 of
44 (18%) people with atrial tachycardia originating from the PV had
tachycardia-induced cardiomyopathy. Ablation should be consid-
ered if atrial tachycardia is present in patients with structural heart
disease with impaired cardiac function, regardless of the presence or
absence of symptoms.®¢’

According to the German Ablation Registry, a prospective
multicenter database, 431 of 12,566 (3.4%) patients underwent
ablation therapy in 2007-10 for focal atrial tachycardia\.670 The
acute-phase success rate was 84%, and the symptoms disappeared
or improved after 12 months in 81% of cases. The cumulative in-
cidence of serious adverse events in cardiovascular and cerebral

vessels was 3.7%.671

3.4.2 | Ablation procedures

The origin of focal atrial tachycardia can be predicted if a P-wave can
be confirmed on a 12-lead ECG (Figure 15).°”* Atrial septal puncture
is necessary if there is a possibility of approaching the left atrium. In
addition, intracardiac mapping can be performed efficiently by pre-
dicting the origin, and it also assists in the prevention of complica-
tions and clarification of countermeasures in advance.

The optimal site of ablation for tachycardia with focal excitation,
such as focal atrial tachycardia, is usually determined by activation
and pace mapping. Activation mapping is a method of identifying the
earliest activation site and the activation pattern from the poten-
tial of an electrode catheter or ablation catheter placed in the heart
chamber during tachycardia or during premature atrial contractions
that are the same type as the tachycardia. Pace mapping is a method
for comparing the 12-lead ECG findings with clinical atrial tachycar-
dia by applying a stimulus from the mapping catheter during sinus
rhythm that matches the tachycardia or extrasystole cycle/coupling
cycle. However, when the T-wave overlaps with the P-wave, it is
often difficult to observe the P-wave and accurate pace mapping
becomes impossible.

Ablation can be performed more accurately by recording and dis-
playing the earliest activation site, the position of the implemented

pace mapping, and the potential findings of each site on 3D mapping.

‘ aVL = (-) or (0) ‘

Yes / \

Finding a unipolar electrogram recording during activation map-
ping for focal atrial tachycardia is also useful for determining the
optimal ablation site. A QS pattern in the unipolar lead with a steep
descending leg is an important finding for determining the opti-
mal ablation site, as well as the preceding degree of the local atrial
potential.

For atrial tachycardias originating from the atrioventricular node
area or near the bundle of His, an ablation method targeting the re-
mote site (entrance site of the tachycardia circuit) from the atrioven-

d,%% other than the conventional

tricular junction has been reporte
ablation method targeting the earliest activation site (exit site).

After identifying the earliest activation site during tachycardia,
rapid atrial pacing at a rate 5 beats/min faster than the tachycardia
rate is delivered from multiple sites of the atrium during tachycar-
dia to define the direction of the proximity of the reentrant circuit.
After the identification of manifest entrainment and orthodromic
capture of the earliest activation site, RF energy is delivered, start-
ing at a site 2 cm away from the earliest activation site in the di-
rection of the pacing site. The RF energy application site is then
gradually advanced toward the earliest activation site until the
tachycardia terminates.

Conversely, there have also been reports®’?

of multiple en-
trances, for which successful application of RF energy was
achieved only at the non-coronary sinus of Valsalva, which has an
equally early excitation as the earliest activation site on the an-
terior septum of the right atrium. Thus, in focal atrial tachycardia
originating in the atrioventricular node area and close to the bun-
dle of His, the tachycardia may be cured by RF energy application
from the non-coronary sinus of Valsalva.®®>%”3 When applying RF
energy from the aortic sinuses of Valsalva for atrial tachycardia, it
should be ensured that the bundle of His potential is not recorded
to avoid atrioventricular block. RF energy application should be
terminated if the tachycardia does not stop within 10-20 s after

starting the application.

3.4.3 | Special atrial tachycardias

Inappropriate sinus tachycardia is a tachyarrhythmia that com-
monly occurs in young women.®”#%75 Ablation has been reported
as a treatment, but its effectiveness has not been established.

Ablation therapy for tachycardia originating in the sinus node

FIGURE 15 Proposed algorithm for

Left Atrium Right Atrium Right Superior Pulmonary Vein
+ — + — Change f_rom biph_asic
I 1, I, 1, I, 1, I, i, P wavein V1 during
sinus to a positive P
avF avF avF avF wave during tachycardia
‘ Superior ‘ ‘ Inferior ‘ ‘ Superior ‘ ‘ Inferior ‘

predicting atrial tachycardia origin on the
basis of the P-wave configuration from
12-lead ECG recordings (From Tang et al,
1995%7! with permission.)
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or atrioventricular junction area may lead to complications
of sinus dysfunction and atrioventricular conduction distur-
bance. When performing ablation in the superior vena cava re-
gion, care is needed with respect to phrenic nerve damage as a

complication.®”¢

3.5 | Atrioventricular nodal ablation

3.5.1 | Catheter ablation indication
Table 62 shows the recommendations for atrioventricular (AV) nodal
ablation.

This method is often effective if catheter ablation for supraven-
tricular tachycardia is unsuccessful or cannot be performed for any
reason, and/or if pharmacotherapy is either ineffective for heart
rate control or is difficult to use, in patients with severe symptoms
due to tachycardia, severe decline in cardiac function, or reduced
QOL.677%82 As this method requires pacemaker implantation, its
usefulness must be examined for each case to determine the indi-
cation. Determining whether catheter ablation will be successful or
unsuccessful for supraventricular tachycardia itself should be left to
the discretion of facilities with experience in treating a large number
of patients.

This method is often effective in patients undergoing CRT when
adequate ventricular pacing cannot be achieved owing to supraven-

tricular tachyarrhythmia, 83684

3.5.2 | Ablation procedures

The most common procedure involves direct ablation of the AV junc-
tion.°®> A pacing catheter is placed in the right ventricle to prepare
for AV block. Immediately after creating the AV block, a permanent
pacemaker is implanted. The ablation catheter is inserted through

Yo / of O%Z/ﬁyfllia/

the femoral vein and is placed at the site where the His bundle elec-
trogram is recorded. The ablation catheter is gradually pulled back
while applying tension in a clockwise direction and fixed at a site
where a large atrial potential, small His bundle potential, and small
ventricular potential are obtained. Application of RF energy cre-
ates junctional rhythm immediately after the application, but often
becomes an AV block in approximately 10 s. If it is difficult to cre-
ate an AV block with the right-sided approach, ablation at the site
where the His bundle potential is recorded in the left ventricle may
be effective.

There is also a treatment (modification of the AV node) involving
ablation of the slow pathway of the AV node to reduce AV conduc-
tivity; however, heart rate control is insufficient with this method

and the indications are limited.8¢

3.5.3 | Precautions for treatment

This treatment has a known risk of sudden death, which may be
caused by prolonged QT due to rapid improvement of tachycardia
and increased inhomogeneity of ventricular repolarization (QT in-
terval dispersion).®®” To prevent sudden death, the pacing rate of
the pacemaker is set slightly higher (80-90 beats/min) after abla-
tion, and thereafter gradually reduced to the normal rate.®®® Care
is needed when setting the rate response mode immediately after
implantation, as it may cause ventricular arrhythmia.®® It is essen-
tial to be aware that this therapy results in asynchronous ventric-
ular contraction due to right ventricular pacing. The effectiveness
of AV nodal ablation and CRT for permanent AF associated with
chronic heart failure has been reported.®””¢®3 In making decisions
on whether to use right ventricular pacing, CRT, or a pacemaker
with defibrillation function for a pacemaker after creating an AV
block, the situation of each case, including the LVEF, should be

considered. #7470

TABLE 62 Recommendations and evidence levels for atrioventricular (AV) nodal ablation

In patients with supraventricular tachyarrhythmia who have serious symptoms or
severe ventricular dysfunction due to tachycardia, in whom pharmacotherapy is
ineffective or cannot be continued because of adverse drug reactions and for whom
conventional catheter ablation for supraventricular arrhythmia was not successful or
cannot be performed, AV nodal ablation with subsequent pacing is recommended

In patients with supraventricular tachyarrhythmia and substantial deterioration of
QOL in whom pharmacotherapy is ineffective or difficult to perform and for whom
conventional catheter ablation for supraventricular arrhythmia was not successful
or cannot be performed, AV nodal ablation with subsequent pacing should be

considered

In CRT recipients for whom adequate ventricular pacing is not achievable with
optimal pharmacotherapy because of supraventricular tachyarrhythmia, AV nodal

ablation should be considered

In patients for whom AV conduction should be maintained considering the risk and
benefit, or patients for whom prior rate control medications were not attempted, AV

nodal ablation is not recommended

GOR LOE
(MINDS)

COR LOE (MINDS)

VI

Abbreviations: COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR, grade of recommendation; LOE, level of evidence; QOL,

quality of life.
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4 | Atrial fibrillation

4.1 | Classification, mechanism, and indications
for treatment

4.1.1 | Classification and natural history of AF
a. | Classification of AF. AF is classified into 5 types based on
factors such as clinical stage, duration, and presence or absence of

spontaneous termination:>’8¢%!

1. First-diagnosed AF
Defined as AF that is first confirmed on ECG, irrespective of
the duration or whether it is truly the first episode. The AF
is then classified as paroxysmal, persistent, or long-standing
persistent (described below) based on the clinical course after
diagnosis.

2. Paroxysmal AF
Defined as AF that returns to sinus rhythm within 7 days of
occurrence. Many cases of AF spontaneously terminate within
48 hours, but can last up to 7 days. If the patient is defibril-
lated within 7 days after the occurrence, it is also classified
as paroxysmal AF.

3. Persistent AF
Defined as AF that persists for >7 days after occurrence. It
includes cases of defibrillation after 7 days with drug or DC
defibrillation.

4, Long-standing persistent AF
Defined as AF persisting for >1 year.

5. Permanent AF
AF is accepted as permanent by both the patient and the phy-
sician. When considering the return and maintenance of sinus
rhythm, it is not classified as “permanent” but as “persistent” or

“long-standing persistent.”

b. | Natural history of AF. AF is a progressive disease, with
almost all cases starting as paroxysmal, which then progresses
to persistent and long-standing persistent types. Although some
reports claim that the progression is relatively slow (22% of
cases progress from paroxysmal to persistent in 3 years),*”? other
reports indicate that the condition progresses rapidly (15% of
cases progress from paroxysmal to persistent within 1 year).693
Age, hypertension, a history of stroke, obstructive pulmonary
disease, and heart failure have been reported as factors that

accelerate progression.®”2¢%3

4.1.2 | AF mechanism (onset mechanism) and theoretical grounds
for ablation

a. | Cytological mechanism of AF onset. Many factors are intricately
involved in the mechanism of AF generation at the micro level. These
include myocardial fibrosis through the activation of fibroblast
tissue, replacement of myocardial tissue with connective tissue,
infiltration of adipocytes and inflammatory cells, myocardial cell

hypertrophy and necrosis, and amyloid deposition.6*%”” These

myocardial anatomical and electrical changes (ie, remodeling) can
result in localized conduction disturbances, causing reentry and

triggering AF.678:699

b. | AFinitiationmechanism. In1997,Jaisetalreportedthepresence
of focal AF caused by localized high-frequency excitation.”°® This
is a relatively rare type; however, in relatively young patients with
no underlying disease, AF is generated by irregular and rapid bursts
of excitation from the same site and can be cured by local ablation
treatment. In 1998, Haissaguerre et al from the same Bordeaux
group reported that 94% of extrasystoles triggering AF were of PV
origin, and that ablation targeting extrasystoles eliminated AF in
62% of cases.>!

Since then, it has been revealed that the extrasystoles that trig-
ger AF occur mainly from venous vessels such as the superior vena
cava, coronary sinus, Marshall vein (ligament), and inferior vena cava
in addition to the PV. The atrial muscle extends from several mil-
limeters to several centimeters in these blood vessels (myocardial

sleeve),”0!

and it is considered that these areas are prone to ectopic
excitation because the sleeve contains sinus node cells and cells sim-
ilar to Purkinje fibers,”? and because of the occurrence of abnormal
automaticity or trigger activity.”%® It has also been reported that in
some cases of AF, the triggers occur in atrial myocardium unrelated

to these venous systems.

c. | AF establishment mechanism. The mechanism by which a
trigger that emerges from the PV, as described above, causes AF
has been explained by intra-atrial reentrant theories. Of these, the
widely accepted are the multiple wavelets reentry theory,”** and
the single meandering reentry theory.705 The former is the theory
of random reentry, based on the hypothesis that multiple reentrant
circuits exist in the atrium at the same time, which repeatedly fuse
and divide in a complex manner, and the direction and size of the
excitation waves change randomly and rotate. The latter explains
the mechanism of fibrillation as AF persisting when a single spiral

wave causes meandering.

d. | Theoretical
appropriate catheter ablation according to the type of AF is

rationale for AF ablation. Necessary and
required for both the initiation mechanism and the establishment
mechanism described above. Electrical isolation of the PVs (and
other triggering sites) acting as the AF initiation mechanism from
the left atrium is the basis and rationale for ablation therapy in all
types of AF.578691706707 gutside the PV entrance (PV antrum),
both the PV and its surrounding tissue are electrically isolated from
the left atrium (extended PVI method).

Triggers play a major role in paroxysmal AF, and it has been re-
ported that 80%-90% of cases can be cured with extended pV|.706:707
Extended PVI has also been reported to provide sufficient therapeu-
tic effect in mild persistent AF with remodeling progression.”%®

However, PVI alone as a treatment for the trigger is often in-
adequate for persistent and long-standing persistent AF, because

the maintenance mechanism of AF has a greater involvement than
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the trigger alone. Strategies for eliminating the AF maintenance

mechanism have been developed and include intra-atrial linear ab-

709710 complex fractionated atrial electrogram (CFAE) abla-

713,714

lation,
tion,”* ganglionated plexus (GP) ablation,”*? driver ablation,
and LVA ablation.”*®

Linear ablation is a technique that maintains sinus rhythm by ex-
tending the reentrant cycle, disrupting random reentrant circuits in
the atrium with linear ablation of the roof of the left atrium, mitral
valve isthmus, and the bottom of the left atrial posterior wall. It is
believed that the complex potential known as CFAE in the atrium
reflects conduction delay, the pivot point of reentrant circuits, and
local driver excitation; thus, ablation of these areas can be expected
to terminate AF. GPs present on the left atrial epicardium are inti-
mately involved in the initiation and maintenance of AF, and many
reports have indicated the efficacy of a technique for identifying
and ablating ganglion sites from the endocardium (GP ablation). The
most recent methods have included several systems for identifying
and ablating the driver in the atrium as the mechanism for the estab-
lishment of AF, and a verification of these techniques is expected.

As described above, many approaches have been devised and
implemented as strategies to capture the fibrillation matrix (AF
maintenance mechanism) dispersed within the atrium; however,
there are major limitations in the use of these techniques for the
treatment of highly advanced AF (long-standing persistent AF). Even
if treatments are performed multiple times using a combination of
several techniques, a realistic outcome is final suppression of recur-

rence in approximately 60% of cases.”¢718

4.1.3 | AF ablation therapy indications

a. | Rhythm control therapy for symptomatic AF. Figure 16 is a
flowchart of rhythm control treatment for symptomatic AF based
on the type of AF.

b. | AF catheter ablation indications with various pathologies (Table 63)
i. | Catheter ablation therapy as first-line therapy. Three RCTs/17721
have examined the advantages and disadvantages of choosing
catheter ablation as the first-line therapy without first using
antiarrhythmic drugs for symptomatic paroxysmal and persistent

AF, and a meta-analysis of these RCTs has also been reported’??

Sowmnal of Ctilytlmia

(98.7% were paroxysmal AF). The results demonstrated that the
rate of AF elimination was significantly higher in the ablation group,
whereas the complication rate was the same. These findings suggest
that using catheter ablation as the first-line therapy for symptomatic
paroxysmal AF cases is a valid option (Table 63).

Conversely, there is insufficient evidence for catheter ablation
as a first-line therapy for persistent and long-standing persistent
AF. However, considering that antiarrhythmic drugs are less effec-
tive for these cases than for paroxysmal AF, it is appropriate to use
catheter ablation as a first-line therapy, especially in symptomatic

recurrent cases.

ii. | AF with heart failure (left ventricular dysfunction). There is
a close association between AF and heart failure. Heart failure
triggers AF through increased left ventricular filling pressure, left
atrial enlargement, and fibrosis, whereas AF tends to cause a decline
in cardiac function owing to loss of atrial contraction and the effect
of tachycardia and pulse arrhythmias. The presence of AF has been
reported to lead to worse prognosis in patients with heart failure,
and maintaining sinus rhythm is particularly significant in heart
failure.”? It has been shown that maintaining sinus rhythm with
pharmacotherapy does not improve the prognosis of heart failure
patients with AF, even compared with rate control.”?*

Five RCTs comparing the efficacy rates between pharmaco-
therapy (rate control therapy) and catheter ablation in heart fail-
ure patients with reduced cardiac function have been reported
to date,”>*7?? and a meta-analysis of these RCTs has also been
published.”®® A total of 224 patients were randomized, 83%
of whom had persistent AF. In the catheter ablation group, the
LVEF increased by an average of 8.5% compared with the rate
control group, and improvements in QOL and maximum oxygen
consumption were also observed. There was no significant differ-
ence in the incidence of complications between the 2 groups.”%°
The AATAC (Ablation vs. Amiodarone for Treatment of Persistent
Atrial Fibrillation in Patients with Congestive Heart Failure and
an Implanted ICD/CRT-D) trial compared the effect of catheter
ablation and rhythm control with amiodarone in patients with
AF-associated heart failure, and showed that the sinus rhythm
maintenance rate after ablation was significantly higher than

after amiodarone therapy (70% vs. 34%), resulting in significant

Symptomatic AF
e v D

Long-standing
persistent AF

Paroxysmal AF

lla

Catheter
ablation

FIGURE 16

Persistent AF

Catheter Catheter

ablation

ablation

Indications for catheter ablation of symptomatic atrial fibrillation (AF). AAD, antiarrhythmic drug
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TABLE 63 Recommendations and evidence levels for catheter ablation of AF

For patients with symptomatic paroxysmal AF refractory or intolerant to AADs and without
severe left atrial enlargement or severe left ventricular dysfunction, catheter ablation is

recommended

For patients with symptomatic recurrent paroxysmal AF before the initiation of AADs, catheter

ablation should be considered as the first-line therapy

For selected patients with heart failure, it should be considered to use similar indications for AF

ablation as in patients without heart failure

For patients with tachycardia-bradycardia syndrome, it should be considered to offer AF ablation
For patients with symptomatic persistent AF, catheter ablation should be considered

For patients with symptomatic long-standing persistent AF, catheter ablation may be considered
For patients with asymptomatic recurrent paroxysmal AF, catheter ablation may be considered
For patients with asymptomatic persistent AF, catheter ablation may be considered

For patients with suspected left atrial thrombus, catheter ablation should not be performed

For patients who are contraindicated to anticoagulation therapy, catheter ablation is not

recommended

GOR LOE
(MINDS)

(MINDS)
|

Abbreviations: AAD, antiarrhythmic drug; AF, atrial fibrillation; COR, class of recommendation; GOR, grade of recommendation; LOE, level of

evidence.

improvements in QOL and mortality rates.”®! In addition, the
CASTLE-AF (Catheter Ablation for Atrial Fibrillation with Heart
Failure) trial compared the prognostic effect between catheter
ablation and pharmacotherapy (rate or rhythm control) in patients
with AF-associated heart failure, and showed that despite a rel-
atively high recurrence rate in the catheter ablation group, the
number of all-cause and cardiac deaths was approximately half of
that in the pharmacotherapy group, and there was a significant
improvement in prognosis.>?!

On the basis of these results, this guideline determines that cath-
eter ablation therapy in AF patients with heart failure is an option
that can be expected to improve prognosis, and recommends apply-

ing the same indication level with or without heart failure.

iii. | Paroxysmal AF with bradycardia-tachycardia syndrome. The
efficacy of AF catheter ablation instead of permanent pacemaker
implantation in patients with symptomatic bradycardia during AF
arrest (bradycardia-tachycardia syndrome: sick sinus syndrome type
I) has been reported for > 15 years. Although it is an established
therapy, the only reports to date have been retrospective.”®? It
has been reported that unsuccessful AF catheter ablation and the
progression of sinus node dysfunction over time result in 8% of
patients ultimately requiring permanent pacemaker implantation;”%*

thus, careful follow-up is required after ablation surgery.

iv. | AF in the elderly. Many AF patients are elderly. Although
there have been many studies on the efficacy and safety of catheter
ablation treatment in the elderly, the majority are retrospective
studies of relatively few patients.”**7%” Although most reports
indicate that catheter ablation therapy for the elderly is adequately
effective and safe, there are also reports indicating that the long-

term recurrence rate and the risk of complications are high.”*®

In cases of paroxysmal AF, for which ablation is highly effective,
it is considered appropriate to consider the treatment indication
in elderly patients (275 years) in a similar manner to that for young
people, providing that the elderly patients are maintaining activities
of daily living. However, the suitability of catheter ablation for per-
sistent and long-standing persistent AF in the elderly population is
judged to be lower than that in the young population. At present,
ablation therapy has limited therapeutic effect for persistent and
long-standing persistent AF, and multiple treatments are often re-
quired. Itis relatively frequently recommended to choose a means of
coping with AF using conservative pharmacotherapy (rate control),
especially for asymptomatic persistent AF in the elderly. It is import-
ant to fully explain the risks and benefits of ablation to each patient

and to choose a treatment strategy that reflects the patient's wishes.

v. | Catheter ablation therapy for asymptomatic AF. AF is not a life-
threatening disease. Thus, the main principle of catheter ablation
therapy has been to improve the patient's QOL by maintaining
sinus rhythm (improving palpitations, shortness of breath, fatigue,
and exercise tolerance). In other words, the indications for AF
catheter ablation in the conventional guidelines have been limited
to symptomatic AF.67!

However, it has recently been reported that ablation can improve
the prognosis of AF patients with or without symptoms,”? and that
the prognosis of asymptomatic AF patients is worse than that of
symptomatic AF patients.”*° This guideline has introduced a new
ablation indication for asymptomatic AF, suggesting that catheter
ablation may be indicated providing that it can improve the future
prognosis of the patient, even if there are no subjective symptoms
at the stage of diagnosis of AF and especially if QOL is not reduced.

At present, catheter ablation for asymptomatic paroxysmal AF

tends to be performed widely and aggressively, and the validity
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of the indication can be considered close to that for symptomatic
paroxysmal AF. However, the validity of the indication is somewhat
lower for asymptomatic persistent AF than for asymptomatic parox-
ysmal AF or symptomatic persistent AF, given the uncertainty of the
effect of ablation therapy. It is necessary to carefully consider the
indications for each patient with respect to age (ablation indications
for the elderly).

Four studies have been published on the therapeutic effect and
safety of catheter ablation for asymptomatic AF.”*1744 Some studies
report that the effect of ablation treatment is the same as for asymp-

tomatic AF and symptomatic AF,74

whereas other studies report
that the effect is worse for asymptomatic AF.7®8 However, catheter
ablation has also been reported to improve exercise tolerance, B-
type natriuretic peptide levels, and QOL.”#3744 To date, there have
been no published RCTs that examined the risks and benefits of

catheter ablation for asymptomatic AF.

vi. | Conditions for which simple application of ablation therapy
should be avoided. Thus far, the indications for AF catheter ablation
in various disease states have been described. However, there are
some conditions for which simple application of catheter ablation
should be avoided.

1. First-episode AF

Approximately half (50/106) of the patients with first episode of
paroxysmal AF showed no recurrence during 5 years of follow-up.”
In other words, in patients with first episode of paroxysmal AF, the
indications for catheter ablation should be considered after confirm-
ing the recurrence of AF.

2. Reversible cause of AF

Some of the factors that can cause AF are reversible.”**74” The
main reversible factors are shown in Table 64. If these factors can be
resolved with treatment and lifestyle improvements, AF may disap-
pear. Moreover, the effect of catheter ablation is known to be lower
in patients with reversible factors than in those without these fac-
tors.”#¢747 On the basis of the above findings, the principle for treat-
ing AF patients with reversible factors is to consider other solutions
first and thereafter to consider the indication of catheter ablation for
residual AF after correction.

vii. | Importance of comprehensive judgment for AF catheter ablation
indication. As mentioned earlier, the indication of catheter ablation

for AF involves a complex set of factors in individual patients. Three

TABLE 64 Reversible risk factors of AF

Hyperthyroidism
Obesity

Sleep apnea syndrome
Hypertension

Diabetes
Hyperlipidemia
Excessive alcohol intake

Smoking

Sowmnal of Ctilytlmia

factorsin particular must be considered for all patients: age, presence
and degree of symptoms, and extent of AF progression (Figure 17).
In general, the indications are higher for younger patients than
for their elderly counterparts, and for symptomatic AF than for as-
ymptomatic AF. Ablation provides a higher cure rate in mildly ad-
vanced paroxysmal AF; therefore, treatment of this condition is
more suitable than for persistent and long-standing persistent AF,
for which treatment is less effective for suppressing recurrence.
Rather than considering these 3 factors individually, it is essential to
make a comprehensive judgment for each patient when considering

indications for ablation treatment.

4.2 | Ablation procedures

4.2.1 | Pulmonary vein isolation
a. | Radiofrequency ablation. Most AF triggers originate in the
pulmonary vein (PV).> A reentry in the PV-left atrial junction and
in the PV also plays an important role in sustaining AF.748 Therefore,
PVI is a fundamental technique for ablation and performed first in
all types of AF. Furthermore, if the AF is found to originate in the
superior vena cava or non-PV areas, ablation for those triggers is
added. The AF-free rate for paroxysmal AF with PVI is as high as
62%-84%.747752

The purpose of PVl is to block conduction between the PV and
the left atrium. The techniques include a method of individual PVI
with EP-guided segmental RF applications,”*’ and an anatomical iso-

lation technique that enlarges the ipsilateral upper and lower PVs’*°

(Figure 18). Box isolation,”®

which isolates not only the PV but also
the posterior wall of the left atrium, has been developed (Figure 18).
Isolating the posterior wall of the left atrium enables surrounding
of the posterior wall trigger, CFAE, and LVAs, thereby blocking re-
entry.”>?73 Increasing the area of isolation has been shown to im-

prove the success rate, particularly in persistent AF.”>27%! Recently,

Age

Symptom Advancement
FIGURE 17 Importance of general judgments for the indication
of AF catheter ablation. It is essential to consider 3 factors (age,

degree of symptom, and advancement), not individually but in total
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Segmental PVI

Extensive encircling PVI

Box isolation

FIGURE 18 Techniques of pulmonary vein isolation (PVI)

anatomical approaches to PVI under 3D imaging have become more
commonplace owing to the development and widespread use of 3D
mapping systems such as the CARTO® and EnSite NavX™ systems.

Factors that affect the size and depth of the ablation lesion using
RF include output, impedance, temperature, energy application
time, and contact force (the force at which the catheter tip contacts
the myocardium).”%>7%% If the output is high and the contact is good,
a larger ablation lesion is formed and the ablation is effective; how-
ever, the high contact temperature at the tip of the electrode can
cause carbonization and thrombus formation. Therefore, an irriga-
tion catheter that can be perfused with saline from the electrode
tip was developed, making it possible to cool the endocardial sur-
face, prevent carbonization and impedance increase, and provide
high output. As a result, deeper transmural ablation lesions can be
formed, and thrombus formation can be prevented. Irrigation cathe-
ters are commonly used at present.

Contact force is one of the factors that determines the size of
the ablation lesion.”®*7%” An effective ablation lesion is not formed
without sufficient contact force; however, excessive contact force
can cause cardiac perforation, as well as esophageal or phrenic
nerve injury. It has become apparent that the ablation focus ca-
pacity could be controlled by controlling the contact force, in the
same way the output and energy application time are controlled,
and there are currently 2 types of contact force catheters available
(ThermoCool Smart-Touch™ [Biosense Webster] and TactiCath™
[Abbott]).>*87¢8772 These catheters can measure the strength and
direction of the contact force. The areas with high contact force
are the posterior wall of the bilateral PVs and the left atrial roof,””°
whereas the areas with low contact force are the anterior wall of
the left superior PV and the right carina.>8>°8%773774 Sjtes with low
contact force are associated with PV reconnection.””* The use of
contact force catheters has been reported to reduce impedance
increase, cardiac perforation, steam pop, and thrombus formation

while simultaneously creating more effective ablation lesions.>*®>

85,586,770,775-777

A study comparing a group using the ThermoCool SmartTouch

catheter with a group using a conventional catheter without the

contact force sensing function showed that the use of the SmartTouch
catheter resulted in lower rates of reconnection owing to conduc-
tion gap and adenosine, reduced fluoroscopy time, and lower rates
of AF recurrence.””27767787781 Conversely, a recent RCT in patients
with paroxysmal AF who underwent ablation using a SmartTouch
catheter were compared with a group whose ablation contact force
information was disclosed to the operator and a group whose infor-
mation was not disclosed. The PV reconnection in the acute phase
was lower in the group whose information was disclosed (22% vs.
32%); however, there was no difference in long-term outcomes, flu-
oroscopy time, or complications.”®? At present, there is no evidence
from RCTs that contact force monitoring can increase the success

rate of AF ablation or can reduce complications.

b. | PVI using balloons. This guideline describes PVI techniques
using the 3 currently available balloons. The following balloon
therapy devices have been developed to isolate PVs and Table 65
shows the characteristics of the 3 types.

The following are common complications associated with PVI

using balloons.

1. | Phrenic nerve injury. This event was seen in 1.5% of cases in a
postmarketing surveillance of cryoballoons in Japan.”®® As a means
of prevention, it is recommended to conduct the treatment with
electromyogram monitoring of the diaphragm during freezing of the
right PV.”84785 |t has been reported that nerve injury can be detected
earlier and at a milder stage by keeping the electrical output of the

phrenic nerve stimulation as low as possible.”®

2. | PVstenosis. It has been reported that PV stenosis occurred
in 4.1% of cases treated with cryoballoon and in 5.2% of cases
treated with RF hot balloons.”®”788 This event can be prevented
by observing the anatomy of the left atrium-PV and carefully
performing ablation in the area proximal to the PV and in the
vestibular area. Reports have demonstrated that it is effective to
keep the minimum temperature of the balloon at -60°C or lower

in cryoballoon therapy.”8778%791
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TABLE 65 Characteristics of balloon
devices available in Japan for PVI
Company

Balloon size (diameter)

Shaft size (Fr)
One-shot device

Use of guidewire for balloon
placement

Recording of PV electrogram
during ablation

Facility to emit gas

Sowwnal of O%z@tw_wl LEYM

Cryoballoon RF hot balloon Laser balloon
Medtronic Toray CardioFocus
Fixed (28 or Variable (max. Variable

23 mm) 33 mm)
10.5 12 12
Yes Yes No
Yes Yes No
Possible Not possible Not possible
Necessary Not necessary Not necessary

Abbreviation: RF, radiofrequency.

FIGURE 19 Cryoballoon ablation. (A) (A)

Schematic representation of pulmonary
vein isolation procedure with the use of

a cryoballoon catheter. (From Kuck et al,
20168%8 with permission.) (B) Fluoroscopic
view during pulmonary vein occlusion
with a cryoballoon, with the contrast
medium retained in the distal portion of
the left superior pulmonary vein

#

Left Atrium Access Route

- Y
— 1
T“ catheter

12-French steerable !
sheath

®) |

3. | Esophageal-related complications (left atrioesophageal fistula,
paralysis of periesophageal vagal nerve). Overseas reports on
cryoballoon therapy are few; however, in Japan, no complications
related to this therapy have been reported in approximately 19,000
cases of clinical use (left atrioesophageal fistula). Although the
recommended temperature varies depending on the report, many
recommended that the temperature in the esophagus should be
kept at or below 15°C.”Y7%4 Injection of cold water is recommended
if there is an increase in esophageal temperature during RF hot-
balloon therapy (>39°C).

©2016 Massachusetts Medical Society. All rights reserved.

i. | Cryoballoon ablation. This is a new ablation method that was
introduced in Japan in July 2014 (Figure 19, Arctic Front Advance
[Medtronic]). Devices that can be used in Japan as a cryoablation
system deliver pressurized liquid nitrous oxide from the tank in the
console to the tip of the cryoballoon via the catheter lumen tube,
and the ultra-low temperature of the balloon caused by heat of

)795

vaporization (Joule-Thomson effect induces a freezing injury

to the myocardial tissue in contact with the balloon. The upper
hemisphere of the balloon becomes cryogenic, and the myocardial

tissue at the site of balloon placement undergoes frozen necrosis.””®
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The balloon diameters are 23 or 28 mm, and are selected ac-
cording to the size of the PV. Before inserting the balloon into the
FlexCath sheath, efforts should be made to remove any air adher-
ing to the folded balloon in a vessel filled with heparinized saline to
eliminate the risk of air embolism (the balloon tip should be moved
around or the balloon surface should be gently massaged).797'8°0 It
has been reported that expanding the balloon in a container filled
with heparinized saline before inserting the balloon into the sheath
and removing the air adhering to the folded balloon can help reduce
the incidence of air embolisms.8%!

Studies have shown that the better the status of PV occlusion
by the balloon, the lower the minimum attainable temperature, the
greater the success rate of PVI, and the better the long-term results
of isolation.8%2893 Recent reports have shown that one freezing ab-
lation is considered sufficient,2°*8%° and a single freezing time of
180 s is recommended.?06-8%7

Postmarketing surveillance conducted in Japan showed that the
success rate in the acute phase of PVI was > 99%, and that the sinus
rhythm maintenance effect in the 6-month follow-up after the 3-
month blanking period was good at approximately 88%.”8°

A large-scale RCT comparing the conventional irrigated RF sys-
tem and the cryoballoon system found that the procedure time and
the indwelling time of the ablation catheter in the left atrium were
significantly shorter in the cryoballoon group; however, there was
no significant difference in the AF recurrence suppression effect and
safety between the 2 groups.8%®

The advantages and disadvantages of the cryoballoon system
compared with the irrigated high-frequency system are detailed

below.

Advantages

1. A single freeze can create a full-circumferential lesion, and the
procedure time is shorter than that with the RF ablation point-
by-point method.807-811

2. Operation with the balloon inflated has a low risk of cardiac
perforation.783'807

3. Therisk of left atrioesophageal fistula development is lower than
with the RF point-by-point method.810-812

4, Ablation is associated with fewer symptoms, such as chest pain,

than with the use of RF energy.63¢:642.813

(A)

Disadvantages

1. This method is essentially only applicable to PVI.

2. The PVIsite cannot be arbitrarily selected. (Isolation can only be
performed at the site where the balloon occludes the PV.)

3. Nitrous oxide exhaust equipment is required after the procedure.

4. The incidence of phrenic nerve injury is higher than with RF

ablation.808:807

ii. | Radiofrequency hot-balloon ablation

1. | Basic principles. The RF hot-balloon system consists of a
SATAKE Hot-Balloon catheter (Toray Industries Inc) and a SATAKE
Hot-Balloon generator, which is the RF generator. The diluted con-
trast agent in the balloon is heated by RF energy application and
by stirring the liquid in the balloon to maintain a uniform balloon
surface temperature. Furthermore, the contact surface of the PV
entrance with the balloon is heated by heat conduction. The output
is automatically adjusted (up to 150 W) to ensure that the core tem-
perature of the balloon (up to 70°C, or up to 73°C only in the upper
left PV) reaches the set temperature. The depth of the ablation le-
sion depends on the balloon surface temperature and the ablation
time.

A feature of the RF hot balloon is that the balloon size (max.
diameter 33 mm) can be changed by adjusting the amount in-
jected (max. 20 mL) into the balloon. Adopting a flexible compli-
ance balloon means that it can be crimped into various PV shapes
(Figure 20). In addition, the distance from the tip of the catheter
to the proximal part of the balloon is short, resulting in superior
catheter operability in the left atrium. Adequate sedation and an-
algesia are required during surgery owing to pain associated with

the current.

2. | Efficacy and safety. Radiofrequency hot balloons have
been developed in Japan. At present, they are used for AF treat-
ment only in Japan, and the evidence for treatment is limited.
The efficacy and safety of RF hot balloons for paroxysmal AF
have been verified in an RCT conducted in Japan.788 In the same
study, one PV entrance and antrum could be repeatedly ener-
gized up to 3 times, and 98% of the PVs could be electrically iso-
lated by energizing the balloon alone. One year after ablation,

the sinus rhythm maintenance rate was 59%, indicating that the

FIGURE 20 Radiofrequency hot-
balloon ablation. (A) Appearance of
the SATAKE Hot-Balloon. (B) Selective
pulmonary vein angiograms using a hot
balloon catheter. AP, anteroposterior;
LAO, left anterior oblique; LIPV, left
inferior pulmonary vein; LSPV, left
superior pulmonary vein; RAO, right
anterior oblique; RIPV, right inferior
pulmonary vein; RSPV, right superior
pulmonary vein
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sinus rhythm maintenance effect was superior to that of antiar-
rhythmic drugs (4.7%).

However, phrenic nerve palsy was reported in 3.7% and severe
PV stenosis (>70%) in 5.2% of cases as a result of energizing the
PV inlet with a small volume of injection medium into the balloon.
Although the effectiveness of RF hot balloons for paroxysmal AF
was confirmed, safety concerns were also raised. It is recommended
to inject at least 10 mL of diluted contrast medium into the balloon
for treatment, to avoid phrenic nerve paralysis and postoperative
PV stenosis. A method of energizing the PV antrum by sufficiently
expanding the balloon has been attempted;®*® however, the optimal
duration of energy application for each PV has not been established.
In the future, it will be necessary to verify the efficacy and safety of
treatment targeting the PV antrum.

When performing PVI using a RF hot balloon, it is recommended
to use cold water if an increase in esophageal temperature (>39°C)
is observed, to avoid damaging the esophageal mucosa after energiz-

ing the left atrial posterior wall 81

When the esophagus is excluded
by the dilated balloon, the injected chilled water is prevented from
passing through the excluded esophagus behind the balloon; thus,
it may not be possible to rapidly reduce the esophageal tempera-
ture. Excessive infusion of chilled water may cause cold water to
flow back into the trachea, which can cause aspiration pneumonia.
Therefore, if the esophageal temperature is not promptly reduced
with injection of cold water, it is vital to avoid excess increase in the
esophageal temperature by immediately stopping the energy appli-
cation or temporarily interrupting the balloon crimping to the poste-
rior wall of the left atrium.

iii. | Visually guided laser balloon ablation

1. | Basic principles. The visually guided laser balloon ablation
system (Heart-Light® [CardioFocus]) is a device that irradiates an
infrared laser (wavelength 980 nm) to ablate the entrance of the PV
circumferentially and to isolate the PV. The balloon at the tip of the
catheter is expanded; blood is excluded by the balloon, maintain-
ing close contact with the PV entrance, and ablation is performed
while visualizing the procedure with the endoscope inserted into the
balloon (Figure 21). The balloon at the tip of the catheter is highly

(A)

compliant, adaptable to a wide range of dissections of various PV
structures, and can deliver titrated energy based on anatomical con-
siderations. The size of the balloon can be controlled by changing the
volume of dilatation fluid to match the size of the target PV. The op-
erator adjusts the ablation area by rotating the dial on the catheter
with the balloon fixed in place.

As the infrared laser used for ablation is not visible, the ablation
area is indicated by green and red guide lights. The PV perimeter
is continuously laser ablated circumferentially while overlapping
to ensure there are no gaps (moving approximately 30° each time,
about 12 times in total). Before and after ablation, the PV potential is
mapped using a conventional mapping catheter to confirm whether
the PV is isolated. Heavy water is used as an expansion fluid to
change the size of the balloon. Heavy water minimizes the absorp-
tion of infrared laser in the balloon and suppresses the temperature

increase due to reflux of the fluid.

2. | Clinical outcomes. In a trial conducted by the US Food and
Drug Administration, visually guided laser balloon ablation was
shown to be non-inferior to RF ablation. The success rate of single
PVI was 87.8% in the visually guided laser balloon ablation group
and 83.3% in the RF ablation group (97.7% and 99.1%, respectively,
in the acute phase). Visually guided laser balloon ablation has been
reported to have significantly less PV reconnection during the pro-
cedure than RF ablation (2.71% vs. 5.72%), and no esophageal fistula
or PV stenosis was reported.81®

Schmidt et al,®%” in their study on the therapeutic outcome of
laser balloon ablation, reported that PVI was possible in 134 of 137
(98%) veins ablated using only endoscopic visualization of the PV for
guidance without referencing electrical signals. In addition, during
the mean observation period of 266 days, 27 of 35 (77%) patients
had no recurrence of AF in the absence of antiarrhythmic medica-
tion. Bordignon et al achieved higher success rates with higher en-
ergy levels (8.5-12 W), with an 89% success rate in the acute period
and an 83% success rate in the long term (median follow-up period:
311 days), but reported a long-term success rate of 60% with lower
energy levels (5.5-8.5 W).88 Sediva et al®'? reported that 692 of 698

Press Footswilch to Deliver Energy

FIGURE 21 Visually guided laser balloon ablation system. (A) Inflated shape of the Heart—Light® laser balloon. (B) Endoscopic view of the
antrum of the right superior pulmonary vein (RSPV) during laser energy application (green light)
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(99.1%) PVs could be isolated as a result of ablation in 194 patients
with paroxysmal and persistent AF using visually guided laser bal-
loon ablation. No relapse occurred in 75% of patients with persistent
AF after 1 year. For paroxysmal AF, the proportion of patients with
no relapse was 82.3% after 1 year, 75.9% after 2 years, 75.9% after
3 years, and 75% after 4 years, indicating that the long-term out-
comes were also favorable. The authors also reported complications
including phrenic nerve injury in 2.06%, cardiac tamponade (peri-
cardial effusion) in 0.51%, and cerebral infarction or TIA in 0.514%
of patients.

The visually guided laser balloon ablation system is a new tech-
nology,®?° and it has been covered by insurance in Japan since July
2018. In the future, more cases will be accumulated, and the efficacy
of this treatment will be examined.

4.2.2 | Ablation techniques other than PVI
a. | Linear ablation, CFAE ablation, and ablation of non-PV triggers
i. | Intra-atrial linear ablation. Intra-atrial linear ablation is a
method for modifying the fibrillation matrix, and it was developed as
an additional ablation for patients for whom PVI was not sufficiently
effective. The sites most often targeted for ablation are the lines
connecting both superior PVs with the roof of the left atrium (roof
line),”*® and with the mitral valve isthmus (mitral isthmus line).8?! To
isolate the left atrial posterior wall, a line along the posterior wall
of the left atrium that connects with both inferior PVs (bottom line)
may be added together with the roof line 822823

The roof line is created on the premise that both superior PVs are
isolated, and the roof of the left atrium between the superior PVs or
slightly toward the posterior wall is ablated. Completion of the block
line is confirmed by a continuous double potential along the ablation
line under pacing (mostly left atrial appendage pacing) from the roof
at the anterior wall, and through the excitation of the posterior wall
of the left atrium from the bottom to the top.”°

The bottom line is often created in combination with the roof line
to isolate the left atrial posterior wall, with linear ablation performed
between the inferior PVs. In addition to ablation of the anterior walls
of both PVs, box isolation has also been reported, whereby the roof
and the bottom line are created to simultaneously isolate the PVs and
the left atrial posterior wall.”>® The endpoints are disappearance of the
potential in the left atrial posterior wall, confirmation of the potential
dissociated from areas other than the left atrial posterior wall, and loss
of atrial capture based on pacing from the left atrial posterior wall.

The mitral isthmus line is the linear ablation site between the left
inferior PV and the mitral annulus, and it is often difficult to form a
complete block because of poor catheter contact or the heat radia-
tion effect due to the presence of the coronary sinus. Ablation from
the coronary sinus is required in 20%-25% of cases. It has been re-

ported that using a steerable sheath®%4825

and creating a transseptal
puncture site®2% have improved catheter contact and the successful
block creation rates. The block is confirmed using the differential
pacing method.

Linear ablation is an effective method for atrial tachycar-

dia after PVI and atrial focus in the left atrial posterior wall not

originating from the PVs. However, new atrial tachycardia often
occurs owing to incomplete lines or resumption of conduc-
tion.827828 When performing linear ablation, it is recommended to
aim for a complete block. The effect of linear ablation on improv-
ing the outcome of persistent AF has not been established and

remains controversial.”%8

ii. | CFAE ablation. In this method, RF energy application is per-
formed during AF, targeting an abnormal atrial potential called
CFAE./Y CFAEisa low-voltage electrogram (<0.15 mV), and is a split
potential consisting of > 2 deflections or a potential that shows con-
tinuous baseline deflection, defined as an atrial potential with a very
short cycle (<120 ms).”*! It is considered to reflect conduction delay,
the pivot point of a reentrant circuit, and localized driver excitation.
The most reported sites are the PV, atrial septum, left atrial roof, left
atrial septum annulus, and the coronary sinus ostium. Although this
method was originally developed as a single treatment, it is usually
recommended to be used in combination with extended PVI. The
endpoint is disappearance of CFAE or termination of AF, and the out-
come is reported to be favorable when AF is terminated.®?? If CFAE
disappears and the patient transitions to AFL or atrial tachycardia, a
return to sinus rhythm can be expected through mapping and abla-
tion of the tachycardia. However, problems associated with CFAE
ablation include the need for extensive ablation, difficulty in elimi-
nating all CFAEs in the atrium, and failure to terminate AF in some
cases. Moreover, meta-analyses and RCTs have reported that there
is no difference in the outcome of PVI and CFAE, even when CFAE
is added to PV|.798830

Meanwhile, a stepwise approach combining PVI, CFAE ablation,
and linear ablation reported that > 80% of AFs terminated or tran-
sitioned to atrial tachycardia.831’832 The sinus rhythm maintenance
rate after the first ablation was low in the 5-year long-term outcome

t,718'833

repor and the method has not become general practice. In

addition, RCT results have reported that this stepwise approach

does not improve treatment outcomes 830834

iii. | Ablation of non-PV triggers. It has been reported that AF trig-
gers (non-PV triggers) originating from sources other than the PV
are found in approximately 10%-20% of cases.®3>838 patients with
non-PV triggers have poor ablation outcomes;*¢#3? however, abla-
tion of non-PV triggers has better outcomes than when ablation is
impossible 836840841 Therefore, ablation is recommended if a non-
PV trigger is detected, irrespective of whether the condition is par-
oxysmal or persistent AF. To perform ablation for non-PV triggers,
cardioversion is performed as needed after placement of multiple
catheters, and the presence of non-PV triggers and their origins
are mapped under sinus rhythm. If the trigger does not appear, it
is advisable to gradually increase isoproterenol while closely moni-
toring blood pressure and pulse, and to induce AF with a high dose
(up to around 20-30 pg/min).8*? The most common sites for non-
PV triggers include the superior vena cava, posterior wall of the left
atrium, crista terminalis, coronary sinus (inferior mitral annulus), and

Marshall ligament (remaining left superior vena cava).®*? If the origin
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is the superior vena cava, the remaining left superior vena cava, or
the posterior wall of the left atrium, these areas can be isolated, but
other sites require detailed mapping and local ablation. However,
mapping of non-PV triggers is often difficult and frequently unsuc-
cessful 836840843 hacause the triggers rarely occur or rapidly transi-
tion to AF and require frequent defibrillation.®*® Empirical ablation
of the above mentioned sites and concomitant use of antiarrhythmic
drugs are considered for unsuccessful cases. Although there is no
reliable way to predict the presence of non-PV triggers, factors in-
cluding persistent AF, young age, female sex, left atrial enlargement,
and low atrial potential have been linked to the presence of non-PV

triggers.w”’844

b. | Ablation of GPs, drivers, and LVAs
i. | GP ablation
1. | Theoretical background. The role of the autonomic nervous
system in the onset of AF has been previously studied, and it has
been reported that vagal nerve excitation is involved, especially at
night and at rest. GP ablation for AF was designed to suppress auto-
nomic nervous activity at the onset of AF.84>84¢

Animal studies and clinical cases have demonstrated that ex-
citation of the intrinsic cardiac GP directly causes focal triggers
of the PV and superior vena cava.84”848 A conceivable mechanism
is that the GP contains cholinergic neurons and adrenergic neu-
rons, and excitation of these neurons simultaneously shortens
the duration of action potentials and increases/extends calcium
transients, resulting in early afterdepolarization and firing activ-
ity. Patterson et al experimentally demonstrated that shortening
the duration of action potentials and increasing/extending cal-
cium transients associated with this autonomic nervous activity
resulted in focal firing from the PVs.®#’ Vaitkevicius et al anatom-
ically observed that autonomic nerve fibers extend from the in-
trinsic GP into the PV.848

GPs are present in the epicardial adipose layer, and the follow-
ing 5 types are found in the left atrium (Figure 22): (1) superior left
GP (antrum superior to the left superior PV), (2) anterior right GP
(from the antrum anterosuperior to the right PV to the septum), (3)
Marshall tract GP (ridged area between the left PV and the left atrial
appendage), (4) inferior left GP (posterior lower wall inferior to the
left inferior PV), and (5) inferior right GP (posterior lower wall infe-

rior to the right inferior PV).

2. | GP ablation methods. To identify the GP site, a high-
frequency stimulus with a cycle of 50 ms is applied from an abla-
tion catheter at 20 V for 5 s with a pulse width of 10 ms Areas
where the stimulus causes a vagal response, such as sinus brady-
cardia, sinus arrest, and atrioventricular block, are identified as GP
sites. The order of ablation is important in GP ablation. Autonomic
nervous system stimulation of the sinus node is conducted from
the superior left GP, inferior left GP, and Marshall tract GP via the
anterior right GP and inferior right GP. Therefore, ablation must
start from the left GP and the anterior right GP must be ablated
last.
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FIGURE 22 Localization of the ganglioplexus (GP) outside
the atrium. LIPV, left inferior pulmonary vein; LSPV, left superior
pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right
superior pulmonary vein

As the GPs are contained in the epicardial adipose layer, high
output application is required when using RF energy from the endo-
cardium. Ablation at 30-35 W for 50-60 s with a contact force guide
catheter is advisable. After ablation, RF stimulation similar to that
before energy application is performed, and disappearance of the

vagal nerve response is the endpoint.

3. | Problems associated with GP ablation. Re-innervation in the
chronic phase has been reported in surgical GP ablation, and per-
manent GP suppression is an issue. The long-term results of a multi-
center study on surgical GP ablation have shown no clear usefulness
and have also demonstrated many complications.®4?
ii. | Driver ablation. Jalife et al®*®8>* were able to visually analyze
the excitation pattern during AF using optical mapping techniques,
and have proven the existence of a rotor in an animal model. They
have also proposed a hypothesis (mother rotor theory) that a reentry
with a very short excitation cycle of several millimeters in diameter
exists in the atrium, and that the reentrant mechanism drives the
atrium, thereby maintaining AF.

Thereafter, attempts have been made to visualize the excitatory
kinetics in clinical AF, to try to understand the process intuitively.
The following systems have been put into practical use, although ev-

idence has not been established for any of the systems.

e FIRM (focal impulse and rotor modulation)®>?8%* (not yet ap-
proved in Japan).

o Cardioinsight’**%% (not yet approved in Japan).

o ExTRa Mapping.8%¢

FIRM is a system that inserts a 64-pole basket catheter into both
atria and visualizes the rotor using a proprietary algorithm.8>2853
However, its efficacy was not recognized in a multicenter trial on
persistent AF.8>%

Cardioinsight is a system that projects the excitation pattern cre-
ated using a vest that records ECG data from the body surface and
displays it onto a cardiac CT image.”**8>> No multicenter trial has yet

reported its efficacy.
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ExTRa Mapping is an online real-time arrhythmia imaging sys-
tem created in Japan.®% It has been reported that the system has
achieved phase mapping close to optical mapping by adding informa-
tion on membrane potential changes, acquired through in silico anal-
ysis, to the transit time of the excitation wavefront based on bipolar
leads recorded with a spiral 20-pole 2.5-cm-diameter catheter and

spatiotemporal signal complementation using artificial intelligence.

jii. | Ablation of LVAs. The involvement of LVAs recorded during
sinus rhythm has attracted attention as a finding that reflects the
substrate in persistent AF. Ablation of LVAs has recently been re-
ported to be useful owing to the ease of identifying LVA sites (bipolar
potential wave height <0.5 mV).2%7

LVAs are distributed on the septum, anterior wall, and posterior
wall, and often have complex potential waveforms such as double
potentials and fractionated electrograms.

Rolf et al’*® reported that only 10% of patients with paroxys-
mal AF have LVAs, whereas 35% of patients with persistent AF
have LVAs. Furthermore, ablation of these LVAs with an individual
approach is reported to have a non-recurrence rate of 75%-80% in
patients with persistent AF. Similarly, in Japan, Yamaguchi et al re-
ported a 20%-30% AF suppression rate with PVI alone, but a 70%-
80% suppression rate with PVI plus LVA ablation in patients with
persistent AF.8%8

An advantage of ablating LVAs is that no special catheter or soft-

ware is required. Conversely, the problems with this method are as

follows: the local atrial potential changes with the heart rhythm;®>? the
ablation method is determined by the localization of the LVA; and, for
sites without anatomical barriers, such as the anterior wall of the left
atrium, there is no alternative but to ablate the margins or the entire
LVA. Furthermore, a report suggested that the usefulness of LVA ab-
lation cannot be confirmed,s“"O and no evidence has been established.

c. | Chemical ablation of the marshall vein

i. | Significance and indication. An additional technique for AF ab-
lation is injection of ethanol into the Marshall vein (not covered by
insurance; Figure 23).861862 The implementation of this method as

part of AF ablation has the following significant effects.

1. Suppression of extrastimuli that trigger AF originating from
the Marshal vein 863865

2. Suppression of parasympathetic nerve-dependent AF by a local-
ized parasympathetic plexus crushing effect of atrial tissue.866.867

3. Ablation to the mitral valve isthmus (suppressing effect on mac-
roreentrant atrial tachycardia rotating around the mitral valve

annulus).88:867

Arrhythmias requiring this treatment include (1) atrial tachycar-
dia dependent on the mitral isthmus (between the left inferior PV
and the mitral annulus) that cannot be treated with ablation from
the endocardial side or from within the coronary sinus and (2) atrial
arrhythmia originating from the Marshall vein that cannot be treated

FIGURE 23 Voltage map of the left
atrium before and after ethanol injection
into the vein of Marshall. After ethanol
injection (Lower panel), a low-voltage
zone (<0.5 mV) is observable at the mitral
isthmus area
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with ablation from the endocardial side or from within the coronary

sinus.

jii. | Method. A balloon catheter available for angioplasty, with a
diameter of 1.5-2.0 mm, is inserted over the wire to the distal end of
the Marshall vein via a long guide sheath inserted into the coronary
sinus. The balloon is inflated, and anhydrous ethanol is slowly (over

60-90 s) injected several times.861:862:867.8¢8

jii. | Complications. Marshall vein penetration can often
achieve hemostasis by inflating a balloon proximal to the site
of penetration, and rarely causes cardiac tamponade. Coronary
sinus and Marshall vein dissection can occur during coronary
sinus and Marshall venography, as well as during procedures
within the same vessels. Another problem with this method is
that the injury range due to alcohol injection is sometimes larger

than expected.

4.2.3 | Atrial tachycardia after AF ablation

a. | Overview. With the widespread use of catheter ablation treat-
ment for AF, the onset of atrial tachycardia after ablation has at-
tracted attention as a major problem.8’® When atrial tachycardia
develops, the heart rate tends to be higher than at the time of ini-
tial AF, and many patients complain that the subjective symptoms
worsen after ablation. Certain associations between the catheter
ablation procedures for AF and the onset of postoperative atrial

tachycardia have also been indicated.

b. | Prevalence. As shown in Table 66807871878 nostoperative
atrial tachycardia more frequently occurs with the following 3 situa-
tions than when the target conduction block is completed.

1. Incomplete ablation in PVI (the area around the PV is ablated

but the vein is not electrically isolated).

TABLE 66 Incidence of atrial tachycardia (AT) after various
procedures of AF catheter ablation
Creation of conduction  Incidence
block at lesion of AT (%)
Segmental PVI871872 Yes 1-2.9
Circumferential PV No 24
ablation (CPVA)®7®
Circumferential PVI Yes 19
(CPVI)E74
Cryoballoon PVI®%? Yes 0.8
CPVA plus linear No 31
ablation®>876
CPVI plus linear ablation®””  Yes 11
PVI plus CFAE®”” No (CFAE) 29
PVI plus linear ablation No (CFAE) 40

plus CFAE (stepwise)®’8

Abbreviations: CFAE, complex fractionated atrial electrogram; PVI,
pulmonary vein isolation.
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2. Linear ablation that does not result in the creation of a conduction
block.
3. CFAE ablation.

Insufficient ablation that does not result in completion of a con-
duction block (the conduction block is incomplete or reconduction
occurs) is believed to be related to creating a new substrate for the
formation of the reentrant circuit (described later).

c. | Onset mechanisms of atrial tachycardia. Atrial tachycardia that
occurs after AF catheter ablation can be broadly classified into 2
types according to the mechanism: (1) focal atrial tachycardia and (2)
macroreentrant atrial tachycardia.

Focal atrial tachycardia is diagnosed when 3D mapping shows
that the excitation spreads from the local area to the surrounding
area in a circular manner. The occurrence mechanism is often local
reentry due to microreentry; however, very occasionally, tachycar-
dia has been reported to be caused by a non-reentrant mechanism
(abnormal automaticity or firing).879 The most common type of mi-
croreentry is a circuit that rotates through the conduction gap of a
previously ablated or isolated PV.87°

Atrial tachycardia due to macroreentry often results from reen-
try around the intra-atrial anatomical structures or reentry of the
iatrogenic site created during AF catheter ablation. latrogenic reen-
trant circuits may result from incomplete PVI ablation, linear ablation
without creating a conduction block, or CFAE ablation.

Analysis of the causes of macroreentrant atrial tachycardia that
actually occurred after AF ablation showed that there are 3 common
types: (1) mitral valve circuit, (2) PV circuit, and (3) tricuspid valve cir-
cuit.87>889 | addition, atrial tachycardia that occurs through two or
more gaps in the PVs that have resumed conduction is often found
to be iatrogenic.88?

d. | Treatment strategies. Atrial tachycardia after AF ablation
often develops relatively early after the procedure. It is not un-
common for the condition to occur only during the blanking period
(3 months after ablation). Therefore, the initial treatment is gener-
ally conservative. First, the patient's progress is monitored with
ventricular rate control to relieve symptoms caused by tachycardia.
If atrial tachycardia does not disappear, antiarrhythmic drug treat-
ment or cardioversion is considered. Re-ablation is considered for
atrial tachycardia that occurs beyond the blanking period or recur-
rent atrial tachycardia.

In ablation for atrial tachycardia, the tachycardia circuit is ana-
lyzed in detail using a 3D mapping system (see section “3.4 Atrial
tachycardia” in this chapter). For reentrant atrial tachycardia due
to incomplete ablation, a complete block is created by additional
ablation of the PV reconnection site or the incomplete block line.
For the most frequent reentrant atrial tachycardia around the mi-
tral valve, it is essential to create a complete conduction block in
the mitral isthmus; however, this procedure is known to be highly
technically difficult. It has been reported that using a steerable

sheath as the guiding sheath for the ablation catheter improves
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the rate of successful creation of complete conduction blocks in
the mitral isthmus.®2*

4.3 | Perioperative anticoagulation therapy for
AF ablation

Thromboembolism is one of the most serious complications in AF
ablation. Appropriate preoperative, intraoperative, and postoper-
ative anticoagulant therapy is extremely important to reduce the
risk. This guideline recommends perioperative anticoagulation for
ablation, including direct-acting oral anticoagulants (DOACs) in

addition to conventional warfarin, as shown in Table 67.°78:882:894

4.3.1 | Preoperative management

First, it is necessary to check for left atrial thrombi. The gold stand-
ard for diagnosis is transesophageal echocardiography (TEE) observa-
tion, which considers (1) the type of AF (paroxysmal or persistent), (2)
the duration of AF, (3) the history of cerebral infarction, and (4) the
CHADS, score. TEE is performed before ablation. The complication
rate of left atrial thrombus is <0.3% in patients with a CHA,DS,-VASc
score of 0, whereas it is 25% in patients with a score 2. Preoperative
TEE is strongly recommended in high-risk patients with long-standing

persistent AF, enlarged left atrial diameter, and high CHADS, score.

In addition, a filled image of the left atrial appendage on contrast
CT can be helpful, although caution is needed for contrast CT scans
taken >1 month before the date of ablation. Observation by intra-
vascular echocardiography is also useful.

Preoperative anticoagulant therapy should follow the guide-
lines for AF defibrillation and should be used for at least 3 weeks
in cases of persistent AF and in high-risk patients (CHADS,
score >2).578:882

Although there is no definitive consensus for paroxysmal AF and
low-risk cases (CHADS2 score 0-1), many institutions use warfarin or
DOAC for >1-3 weeks.

With respect to withdrawal and continuation of anticoagulants
before ablation, warfarin is conventionally temporarily discontinued,
with heparinization before ablation. However, cerebral embolism has
been frequently observed when resuming warfarin postoperatively.
Therefore, ablation has been attempted while continuing warfarin,
and Wazni et al reported a significant reduction in both hemorrhagic
and ischemic complications in the warfarin continuation group com-
pared with the group that temporarily stopped warfarin preopera-
tively and was bridged to high- or low-dose heparin.83

DOACs became available in Japanin 2011, and 4 types are currently
in use: dabigatran, rivaroxaban, apixaban, and edoxaban. DOACs have a
short half-life of around 5-17 hours and a short time to peak. Thus, they
are frequently used as anticoagulant drugs instead of warfarin.

TABLE 67 Recommendations and evidence levels for anticoagulation strategies before, during, and after AF ablation

For patients with persistent AF or those with paroxysmal AF and a high risk for
embolism (CHADS2 score >2), systemic anticoagulation with warfarin or a DOAC

should be considered for at least 3 weeks before AF ablation

For patients who have been therapeutically anticoagulated with warfarin or
dabigatran, performance of the ablation procedure without interruption of warfarin

or dabigatran is recommended

For patients who have been therapeutically anticoagulated with rivaroxaban
or apixaban, performance of the ablation procedure without interruption of

rivaroxaban or apixaban should be considered

For patients who have been therapeutically anticoagulated with edoxaban, performance
of the ablation procedure without interruption of edoxaban should be considered

For patients who have been therapeutically anticoagulated with a DOAC before AF
ablation, it should be considered to interrupt one or two doses of the DOAC before

AF ablation with re-initiation after ablation

Heparin is recommended to be administered immediately after femoral venous
puncture or transseptal puncture during AF ablation procedures and adjusted to

achieve and maintain an ACT 2300 s

Systemic anticoagulation with warfarin or a DOAC should be considered for at least
3 months after AF ablation, regardless of the presence or absence of AF recurrence

For patients with a high risk for embolism (CHADS2 score >2), continuation of
systemic anticoagulation with warfarin or a DOAC should be considered after
3 months of AF ablation, considering AF recurrence during the follow-up period

GOR LOE
(MINDS)

COR LOE (MINDS)

VI

VI

VI

Abbreviations: ACT, activated clotting time; AF, atrial fibrillation; COR, class of recommendation; DOAC, direct oral anticoagulant; GOR, grade of

recommendation; LOE, level of evidence.

[Correction added on 29 June, after first online publication: In the first description, '... at least 3 months before AF ablation' has been amended to ...

at least 3 weeks before AF ablation']



NOGAMI ET AL.

Several RCTs have compared perioperative continuous admin-
istration of warfarin and continuous administration of DOAC for
ablation. The RE-CIRCUIT (Randomized Evaluation of Dabigatran
Etexilate Compared to Warfarin in Pulmonary Vein Ablation -
Assessment of an Uninterrupted Periprocedural Anticoagulation
Strategy) trial®®* showed no significant difference in ischemic
complications between the dabigatran continuation group and the
warfarin continuation group. However, in terms of safety, signifi-
cantly more major bleeding events, such as cardiac tamponade and
inguinal hematoma, were observed in the warfarin continuation
group. In the VENTURE-AF trial,®8> which compared rivaroxaban
continuation with warfarin continuation, there was no significant
difference in efficacy or safety between the 2 groups; thus, abla-
tion with rivaroxaban continuation is now also acceptable. Similar
results were obtained in AXAFA-AFNET 5 (Anticoagulation Using
the Direct Factor Xa Inhibitor Apixaban during AF Catheter
Abla1tion),886'888 which examined continuation of apixaban, and
the detection rates of asymptomatic microinfarcts using brain MRI
were similar.

Various studies have also been conducted on AF ablation with
perioperative DOAC withdrawal.88871 |n Japan, an RCT (ABRIDGE-J
[Ablation Preoperative Dabigatran in Use Envisioning in Japan]®®)
was conducted to compare short-term discontinuation of dabigatran
with continuation of warfarin. Although there was no significant
difference in ischemic complications between the 2 groups, there
were significantly more bleeding events such as cardiac tamponade
and inguinal hematoma in the warfarin continuation group, as seen
in RE-CIRCUIT. Furthermore, an RCT in Japan that compared con-
tinuation and withdrawal of 4 DOACs reported that there was no
significant difference in embolism or bleeding complications in any
of the DOACs.2%°

On the basis of these findings, the use of DOACs as a perioper-
ative anticoagulant for AF ablation is recommended over warfarin,
regardless of whether the drugs are stopped or continued, except
for cases in which DOACs are contraindicated, such as in the pres-
ence of severe renal impairment or after artificial valve replacement.
Furthermore, it is important to carefully consider the risk of throm-
boembolism and bleeding and to select the appropriate anticoagulant
drug according to the clinical profile. Idarucizumab, which specif-
ically reverses the effect of dabigatran, is currently available, and

other DOAC (factor Xa inhibitor) neutralizers are being developed.

4.3.2 | Intraoperative management
Heparin administration during ablation is essential. A study using
intracardiac echocardiography reported that maintaining the acti-
vated clotting time (ACT) at 2300 seconds could reduce left atrial
thrombus formation.?2 Wazni et al also reported that bleeding com-
plications do not increase if the ACT value is kept high, providing it
is <400 seconds.®”

Heparin administration during ablation is started immediately
after groin puncture or immediately after atrial septum puncture,
and the ACT is maintained at 300-350 seconds. Continuous perfu-

sion with heparinized saline from the sheath inserted into the left
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atrium and avoiding long-term placement of the sheath or guidewire
in the left atrium also help prevent thrombus formation.

4.3.3 | Postoperative management

After ablation, if it is confirmed that there are no bleeding complica-
tions, anticoagulants are administered from the evening of the abla-
tion or the following morning. When restarting administration from
the following morning, intravenous heparin administration may be
continued in the interim (heparin bridging). However, as increased
bleeding complications have been reported,®’! this method is not
currently recommended except in high-risk patients.

It is recommended that postoperative anticoagulant therapy be
continued for at least 3 months,””®#2 because the 3 months after
AF ablation is considered the blanking period, when AF attacks are
known to occur. The cause of attacks during the blanking period is
believed to be resumption of conduction at the ablation site and
non-PV foci, as well as inflammation associated with the ablation and
the effect on the autonomic nervous system.

Late recurrence after ablation is not uncommon in patients with
persistent AF. Considering possible recurrence, it is advisable to con-
tinue anticoagulant therapy for longer than 3 months after ablation
in patients with a high risk for thromboembolism.

However, anticoagulants can be discontinued after 3 months
in patients with paroxysmal AF, a CHADS, score of 0 and no en-
largement of the left atrium. Although it is difficult to judge with
a CHADS, score of 1, the decision to stop or continue administra-
tion should be based on the overall condition of the patient (in-
cluding whether the AF is paroxysmal or persistent), embolism risk
and bleeding risk, left atrium diameter, B-type natriuretic peptide
value, D-dimer value, and the patient's wishes. AF recurrence is
evaluated using ECG, Holter ECG, and a portable ECG. However,
caution is required because asymptomatic AF can also occur. In
paroxysmal AF, in addition to 12-lead ECG at each postoperative
outpatient visit, when a decision has been made to discontinue
antiarrhythmic drugs or anticoagulants at 3 months postopera-
tively when the blanking period ends, evaluation with Holter ECG
at the end of outpatient follow-up (12 months after ablation) is
recommended. In persistent AF, antiarrhythmic drugs and anti-
coagulants are often used continuously. Therefore, in addition to
the aforementioned evaluations, Holter ECG every 6 months is

recommended.

5 | Atrial tachycardias after heart surgery and
tachycardia in congenital heart disease

5.1 | Atrial tachycardias after heart surgery

Various arrhythmic substrates form after heart surgery, includ-
ing foreign bodies in the heart such as artificial valves and artificial
pericardium, sutures and other scar tissue, and pericarditis due to
pericardiotomy, resulting in various atrial tachycardias. The mech-

anisms are diverse, including incision line reentrant tachycardia,
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macroreentry around the tricuspid or mitral annulus, reentry due
to delayed conduction in scar tissue, triggered activity due to sur-
gical invasion or hemodynamic load, and enhanced automaticity.8”
Recent advances in 3D mapping systems have made it easier to visu-
alize and understand circuits in individual patients.8¢ Myocardium
protected by scar tissue is difficult to ablate and contributes to cases

refractory to ablation treatment.

5.1.1 | Types of atrial tachycardia

a. | Right atrium free wall macroreentrant atrial tachycardia. The
crista terminalis of the right atrial free wall can become an arrhyth-
mic substrate; however, after heart surgery, right atrial incision lines
and cannulation scars in the extracorporeal circulation complicate

the arrhythmogenic substrate.87¢8%7

i. | Reentrant circuit. Many circuits rotate around the right atrial
incision line. Delayed conduction normally occurs in the isthmus cre-
ated between the lower edge of the atrial incision line and the site
of the inferior vena cava cannulation, but delayed conduction may
also occur in the isthmus between the upper edge of the incision line
and the superior vena cava cannulation.®?” The direction of rotation
can be either clockwise or counterclockwise. When it is clockwise,
a macroreentry and a double-loop reentry that make the tricuspid
annulus counterclockwise may form. A counterclockwise rotation of
the right atrial free wall forms a double-loop reentry with a macro-
reentry that rotates around the tricuspid annulus clockwise.®%®

ii. | Ablation site. Linear ablation of either the atrial incision line
to the inferior vena cava, atrial incision line to the superior vena
cava, or atrial incision line to the tricuspid annulus can close the
macroreentrant circuit. Inferior vena cava cannulation scars exist
between the lower edge of the atrial incision line and the inferior
vena cava, and the procedure to block conduction at this site is
relatively straightforward and is often selected. The distance be-
tween the upper edge of the atrial incision line and the superior
vena cava is relatively long, and there may be no cannulation scar
site near the superior vena cava. Ablation procedures between the
upper edge of the atrial incision line and the superior vena cava re-
quire caution owing to the proximity to the sinus node. Using the
catheter for linear ablation between the atrial incision line and the
tricuspid annulus is very difficult, but has the advantage that any
tachycardia can be treated with ablation to the common circuit of
a double-loop reentry. When ablation is performed between the
atrial incision line and the inferior vena cava or between the atrial
incision line and the superior vena cava, the reentrant circuit of
the tricuspid annulus causing normal AFL remains. Therefore, ad-
ditional linear ablation is needed between the inferior vena cava

and the tricuspid annulus.

b. | Macroreentrant atrial tachycardia after mitral valve surgery. This
condition can occur from both the right and left atria. Surgical pro-
cedures to reach the mitral valve include right atrial free wall incision

plus atrial septal incision, right-side left atrial incision, and bi-atrial

incision (superior transseptal approach). Atrial tachycardia can occur
with any of these procedures.

i. | Reentrant circuit. The left atrial macroreentrant circuit rotates
around the mitral valve annulus, right PV, and left PV, each of which
may cause reentry alone or double-loop reentry. Longitudinal inci-
sion on the right side of the left atrium causes scarring anterior to
the right PV (atrial septum), forming a site of delayed conduction,
and can cause macroreentrant atrial tachycardia around the right PV.
When conducting the scar from top to bottom, a double-loop reentry
may occur counterclockwise around the mitral annulus. Conversely,
when conducting from bottom to top, a double-loop reentry may
occur clockwise around the mitral annulus. When delayed conduc-
tion is observed in damaged myocardium in the left atrial posterior
wall, macroreentry in the mitral annulus or left PV alone, double-
loop reentry in the left and right PVs, or double-loop reentry in the

mitral annulus and the left PV can occur.

ii. | Ablationsite. The lower PV to the mitral annulus is the isthmus
in right PV macroreentry, and is targeted for ablation. Delayed con-
duction occurs when the site is close to the incision scar on the right
side of the left atrium. The isthmus between the left and right PVs
and the incision scars on the right side of the left atrium anterior to
the right PV (atrial septum side) may also be ablation targets. In left
PV macroreentry, the isthmus is between the lower part of the left
PV and the mitral annulus and between the left and right PVs, and
is the target site for ablation. In macroreentry around the mitral an-
nulus, the isthmus between the PV and the mitral annulus is ablated.
In patients with severe mitral valve lesions requiring mitral valve sur-
gery, the left atrial myocardium is often extensively injured, and it is
necessary to determine the ablation site with detailed mapping.821

c. | Macroreentrant atrial tachycardia after the maze procedure. This

899 may originate in the right or left atrium, and the

tachycardia
mechanism includes macroreentry associated with incision line
breaks in the maze procedure or failure of linear ablation near the
annulus, reentry due to conduction delay in scars caused by surgical
invasion, and common AFL. It is necessary to perform detailed map-
ping according to the specific case characteristics and to analyze the

mechanism.

d. | Macroreentrant atrial tachycardia after the Fontan proce-
dure. After a long time from the implementation of the classic
Fontan procedure of atriopulmonary connection (APC), myocardial
injury with marked right atrial enlargement progresses to form an
arrhythmogenic substrate. When the atrial septal defect is repaired
and an atrial septum is created with an artificial pericardium, these
surgical scars provide a location for a reentrant circuit. For general
information on the Fontan procedure, pathology, and other arrhyth-
mias, see section “5.2.1.e Fontan surgery” in this chapter.

i. | Reentrant circuit. Although most atrial tachycardias occur in

the right atrium, it is difficult to assume a unique reentrant circuit
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after the Fontan procedure because the arrhythmic substrates are
dispersed throughout the enlarged right atrium. Detailed mapping is

required for each case.

ii. | Ablationsite. There are few macroreentry areas around the in-
cision line, and many macroreentrant atrial tachycardias are caused
by delayed conduction due to scar tissue. Therefore, LVAs related
to delayed conduction are targeted as ablation sites. Multiple atrial
tachycardias often appear, and atrial tachycardia attacks may result
in deterioration of hemodynamics, making detailed mapping during
tachycardia difficult. Therefore, LVAs identified with 3D mapping
may require extensive ablation. Atrial tachycardia after Fontan sur-
gery is refractory, and the recurrence rate after ablation treatment
is high.

e. | Macroreentrant atrial tachycardia after the atrial switch pro-
cedure. Long sutures are created in the atrium during both the
Mustard and Senning procedures, and various supraventricular
tachycardias develop in the long term. A frequently occurring tach-
ycardia is a macroreentry that rotates around the atrioventricular
annulus, which is equivalent to common AFL in a normal heart;
however, treatment is difficult after an atrial switch procedure
owing to the presence of the artificial septum created by surgery
in the isthmus between the inferior vena cava and the atrioven-

tricular annulus.”®

i. | Reentrant circuit. A reentrant circuit rotating around the atrio-
ventricular annulus between the pulmonary atria and the body of
the ventricle is the most commonly occurring macroreentrant atrial
tachycardia. Atrial tachycardia associated with surgical scars also oc-
curs, but tachycardia on both the atrial side of the systemic vein and
the atrial side of the PV is also seen. Therefore, it is necessary to map

according to each tachycardia.

ii. | Ablation site. The reentrant circuit around the atrioventricu-
lar annulus between the PV and the ventricle body is the isthmus
between the inferior vena cava and the atrioventricular annulus, as
in common AFL, and this area is the target of ablation.?®%?°? The
ablation procedure is not simple because there is a septum unique to
the atrial switch procedure between the inferior vena cava and the
atrioventricular annulus. The approach from the inferior vena cava
can allow ablation only from the intra-atrial septum to the inferior
vena cava, and additional ablation from the atrioventricular annulus
to the septum is required to completely block isthmus conduction.
To approach this site, it is necessary to puncture the septum using
the Brockenbrough technique or to use a transaortic retrograde
approach, both of which are very difficult procedures.”®® A mag-
netic catheter navigation system (Niobe™ [Stereotaxis]) is useful for
complicated catheter procedures using the transaortic retrograde

approach.”®*

5.1.2 | Catheter ablation indication
Refer to section “3.4 Atrial tachycardia” in this chapter.
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5.2 | Tachycardias in adult congenital heart disease

Patients with congenital heart disease are now surviving long term,
and the proportion of adult patients over the age of 20 years is in-
creasing. By around the year 2000, the ratio of outpatients with
congenital heart disease under the age of 20 years to those aged
20 years or older was 1:1, and adult patients now outnumber pedi-
atric patients. Thus, the need for adult congenital heart disease de-
partments has been proposed.”®”

Problems associated with adult congenital heart disease include
heart failure, arrhythmia, and cyanosis. Among them, arrhythmia
particularly requires attention and management. Both pediat-
ric cardiologists and general cardiologists should be aware of this
information.®®

Substrates causing arrhythmias associated with adult congenital
heart disease include scars due to endocardial repair and myocar-
dial lesions due to impaired cardiac function and cyanosis, and the
complexity of these substrates varies depending on the underlying
heart disease (Figure 24).°” For example, when atrial switching is
performed in adult patients for transposition of the great arteries,
atrial tachycardia or AFL may occur because of atrial scarring from
endocardial repair. Furthermore, because the anatomical right ven-
tricle becomes the systemic ventricle (functionally the left ventricle),
cardiac function declines, which can cause life-threatening ventricu-
lar arrhythmias. It is also known that Ebstein's disease is often asso-
ciated with WPW syndrome.”®®

Depending on the underlying heart disease or endocardial re-
pair, treatment of tachyarrhythmia alone is not sufficient, and care is

needed with respect to the appearance of bradyarrhythmia.

5.2.1 | Catheter ablation indication

Catheter ablation is recommended for symptomatic tachycar-
dia associated with adult congenital heart disease, as shown in
Table 68. It is recommended that all treatments be conducted at
a facility with operators experienced in ablation for congenital
heart disease.

The prevalence of tachyarrhythmias gradually increases in
adulthood in patients with congenital heart disease, and catheter
ablation is an effective treatment.”®”?%? However, the outcomes are
poor when compared with those in patients without structural heart
disease. The reasons for these poor outcomes include the need to
understand cardiac malformations and complex anatomy due to
surgery, difficulty in reaching the ablation target during catheter
manipulation, surgical scars, and artificial pericardium in the heart
acting as a barrier.”1°?1% Multiple atrial arrhythmias are seen after
the Fontan procedure because the entire right atrium may become
an arrhythmogenic substrate, and this becomes even more compli-
cated after an atrial switch procedure.422'915'916 It is recommended
that ablation for refractory cases is performed at a facility with
abundant experience.

a. | Atrial septal defect. Although atrial septal defect is the most

common adult congenital heart disease, it tends to occur with atrial
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FIGURE 24 Schematic of factors leading to arrhythmias in (A) pre- and (B) postoperative congenital heart disease. AV, atrioventricular;

IART, intra-atrial reentrant tachycardia; VT, ventricular tachycardia (From Escudero et al, 201

COR LOE
Catheter ablation is recommended for C
drug-refractory and/or drug-intolerant
symptomatic supraventricular tachycardia in
adults with congenital heart disease
Catheter ablation should be considered for C

drug-refractory and/or drug-intolerant
symptomatic ventricular tachycardia in adults
with congenital heart disease

3796 \with permission.)

TABLE 68 Recommendations and

GOR LOE evidence levels for catheter ablation of
(MINDS) (MINDS) . . .
tachyarrhythmias in adults with congenital
\ heart disease
\%

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.

tachycardia, common AFL, and AF, and there are many opportunities
for ablation treatment.”"’

For preoperative cases, when surgery is not planned, the in-
dications for ablation therapy are based on the guidelines for atrial
tachycardia, AFL, and AF. When surgery is planned, it is necessary
to determine whether catheter ablation should be performed pre-
operatively or whether arrhythmia treatment should be performed
during surgery. Surgery outperforms ablation treatment in persistent
and permanent AF. As ablation treatment has good results for par-
oxysmal AF, catheter treatment is also a promising option. However,
it is difficult to repeat ablation for recurrent AF after atrial septal

defect closure. Therefore, surgical treatment should be considered.

Percutaneous atrial septum closure with a device has recently been
widely performed instead of endocardial repair. However, in these
cases, the transatrial septal approach becomes difficult once closure is
performed; thus, ablation needs to be completed before the surgery.
Reentrant atrial tachycardia resulting from an arrhythmic sub-
strate due to surgical invasion is more likely to occur after intracar-

918 (for details, see section “5.1 Atrial tachycardia after

diac repair
heart surgery” in this chapter). Attempts have been made to prevent
this iatrogenic tachycardia by intraoperatively extending the lower
edge of the right atrial incision line to the inferior vena cava, includ-
ing the conduit scar, thereby cutting off the circuit of the right atrial

free wall.?*?
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b. | Ventricular septal defect. Ventricular septal defect is the sec-
ond most common adult congenital heart disease after atrial septal
defect; however, the occurrence of tachyarrhythmias that need to

be ablated is rather uncommon.

c. | Teratology of Fallot. Many patients who reach adulthood
have already undergone intracardiac repair. The right atrial inci-
sion line, ventricular incision line, artificial pericardial patch with
formation of right ventricular outflow tract, conduit scarring to
the superior and inferior vena cava, and other areas become ar-
rhythmic substrates, causing supraventricular and ventricular
tachyarrhythmias.8>920-922

The approach and treatment for supraventricular arrhythmias are
similar to those for atrial septal defect. Pharmacotherapy and ICD
implantation are the basic treatments for ventricular arrhythmias
(VT and VF), but catheter ablation can be performed when the ICD
is frequently activated in patients refractory to pharmacotherapy.
VT is often caused by surgical scars (such as patches) when forming
the right ventricular outflow tract, but may also be associated with
right and left ventricular dysfunction, and can be generated from
areas unrelated to surgical scars. Linear ablation between the pul-
monary artery and the scar or between the tricuspid annulus and the
scar has been reported for macroreentrant VT around the surgical
scars of the right ventricular outflow tract. However, it is extremely
difficult to create a transmural ablation line in tissue adjacent to the
scar, in addition to the presence of right ventricular hypertrophy due
to the underlying heart disease. In many cases, the reentrant circuit
is present not only in the free wall of the right ventricle but also in
the ventricular septum and the lower part of the tricuspid annulus
because the pulmonary artery and the surgical scar are continuous.
Thus, it is necessary to take a case-specific approach.(m'925

d. | Ebstein's disease. Part of the tricuspid valve (mainly the sep-
tal and posterior cusps) deviates into the right ventricle, typically
reaching the septum (septomarginal trabecula). Part of the right
ventricle forms the right atrial cavity (atrialized right ventricle) and
may also become thinner. A connection between muscles with
electrical conduction characteristics tends to occur between the
atrialized right ventricle and the right atrium, and WPW syndrome
develops. In these cases, the accessory pathway is often com-
posed of multiple accessory pathways, a broad accessory pathway,
and a slow conduction pathway, and wide QRS atrioventricular
reentrant tachycardia with an anterograde accessory pathway and
wide QRS tachycardia during AF (known as pseudo-VT) are not
uncommon. This kind of tachycardia can cause hemodynamic dis-
ruption, and catheter ablation is recommended. Accessory path-
way mapping during ablation is performed while considering the
possibility of multiple and a wide range of accessory pathways. In
addition, the delta waves are small for accessory pathways with
slow conduction velocity; thus, it is necessary to devise mapping
outside sinus rhythm, such as atrial pacing near the tricuspid an-
nulus. In addition, an accessory pathway with conduction charac-

teristics of Mahaim fibers may also occur.
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Ebstein's anomaly is frequently associated with tricuspid regurgi-
tation and atrial septal defect. Care is needed to prevent paradoxical
embolism in the perioperative period of ablation because right-to-

left shunts may occur under right heart overload.

e. | Fontan procedure. This is a palliative operation performed
to improve cyanosis in congenital heart diseases such as tricus-
pid valve atresia and univentricular heart. The surgical procedures
include APC and total cavopulmonary connection (TCPC). The lat-
ter includes techniques using an extracardiac conduit (extracar-
diac TCPC) and an intracardiac conduit (lateral tunnel TCPC). The
Fontan procedure skips the ventricle, causing venous blood to di-
rectly circulate to the pulmonary artery, which generally results in
increases in systemic venous pressure. In APC, the right atrial pres-
sure also increases accordingly, leading to significant right atrial
enlargement and formation of an arrhythmogenic substrate.”?
When repairing atrial septal defects and creating an intra-atrial
septum using an artificial pericardium, it is necessary to consider
the arrhythmic substrate associated with this surgical scar. Atrial
arrhythmias are usually variable and refractory. Approximately
half of the patients develop conditions such as macroreentrant
atrial tachycardia, atrial tachycardia caused by a focal mechanism,
AFL, and AF, and the prevalence increases in the follow-up pe-
riod.”? In asplenia syndrome, 2 (twin) atrioventricular nodes are
present in the atrioventricular annulus, and AVRT rotating around
the nodes may be initiated.”?”?? The incidence of supraventricu-
lar tachycardia decreases in the order of APC, intracardiac con-
duit TCPC, and extracardiac conduit TCPC. However, access to
the heart cavity via a venous route becomes rather difficult after
TCPC,; thus, either transaortic retrograde access or a transfenes-
tration route created during surgery is usually attempted. Conduit
punctures can be performed with a classic Brockenbrough needle;
however, this procedure is not easy to implement.

After the Fontan procedure, patients may have significant hy-
potension or shock, even in cases of supraventricular tachycardia.
Therefore, it is important to be aware of hemodynamic deterioration
when tachycardia is induced during catheter ablation. This tendency
is exacerbated when venous pressure is reduced with dehydration.
Sufficient fluid replacement is required before ablation. The out-
come of catheter ablation is generally poor, and a high incidence of
recurrence and new arrhythmias occur despite effective treatment in
the acute phase. Concurrent pharmacotherapy such as amiodarone
is needed, and post-APC patients require surgical treatment for ar-
rhythmic substrates, including right atrial plication, when performing

TCPC conversion.*2%729930

f. | Atrial switch procedure. For information on postoperative
atrial tachycardia, refer to section “5.1.1.e Macroreentrant atrial
tachycardia after the atrial switch procedure” in this chapter.

If the anatomical right ventricle is the systemic ventricle, as in
conditions for which the atrial switch procedure was performed
for transposition of the great arteries, cardiac enlargement pro-

gresses owing to factors including tricuspid regurgitation and left
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heart failure, with an increased incidence of VT, VF, and AF com-
plications. In general, catheter ablation for these arrhythmias is
difficult, and pharmacotherapy with amiodarone and/or implanta-
tion of ICD or ICD with biventricular pacing function (CRT-D) are
implemented for VT, whereas pharmacotherapy is the first choice
for AF.

6 | Ventricular arrhythmias
6.1 | Sustained VT

6.1.1 | Catheter ablation indications
Table 69 shows the recommendations for catheter ablation for sus-
tained monomorphic VT.

The indication of catheter ablation for sustained VT should be
determined with careful consideration of the risks and benefits
based on the patient's general condition and the level of experience
of the physician. Ablation for idiopathic VT without structural heart
disease has almost stable treatment outcomes, as well as a relatively
high acute success rate and low recurrence rate during long-term
follow-up, especially for VT originating from the right ventricular

731940 and verapamil-sensitive reentrant fascicular VT

941-951

outflow trac
involving Purkinje tissue.

ICD implantation is the mainstay of treatment for preventing
sudden death in sustained VT associated with structural heart
disease such as prior myocardial infarction and cardiomyopa-

thy. 84197198951 However, it has also been reported that frequent

VT attacks and DC shocks caused by an ICD worsen the patient's
QOL and increase the mortality.”*%?>7 In VT or VF with hemody-
namic compromise, the patient is more likely to experience syn-
cope even if the ICD is activated, and it may conversely cause fear
and discomfort if DC shocks are delivered while the patient is con-
scious. In addition, it has been shown that DC shock itself worsens
cardiac function.”®>?>” Concomitant use of antiarrhythmic drugs
reduces the number of ICD activations; however, this treatment
has problems such as not being curative and having associated
adverse effects.”®®%0 |n these situations, catheter ablation can
be an effective treatment to suppress VT attacks.”®%7? Ablation
for sustained VT due to structural heart disease has convention-
ally been difficult, and arrhythmias frequently recurred. However,
treatment outcomes have significantly improved owing to ad-

963-974

vances in technologies, such as 3D mapping systems and

962975977 a5 well as the combined

irrigated-tip ablation catheters,
use of modalities such as cardiac MR].778984

Several RCTs on ablation treatment after ICD implantation
for sustained VT associated with prior myocardial infarction have
been performed.*®3184985 |n SMASH-VT (Substrate Mapping and
Ablation in Sinus Rhythm to Halt VT)! and VTACH (VT Ablation
in Coronary Heart Disease),'®® the ablation group had significantly
fewer ICD interventions than the non-ablation group. However, in
the CALYPSO (Catheter Ablation for VT in Patients with an ICD)

pilot study,’®

which compared antiarrhythmic drug treatment
with ablation treatment, no superiority of ablation treatment
to antiarrhythmic drug treatment was observed. VANISH (VT

Ablation vs. Escalated Antiarrhythmic Drug Therapy in Ischemic

TABLE 69 Recommendations and evidence levels for catheter ablation of sustained monomorphic VT

In patients with symptomatic idiopathic sustained VT for whom AADs are ineffective, not
tolerated, or not the patient's preference, catheter ablation is recommended

In patients with asymptomatic or mild symptomatic idiopathic sustained VT for whom AADs
are ineffective, not tolerated, or not the patient's preference, catheter ablation should be

considered

In patients with structural heart disease and incessant monomorphic VT or VT storm, for
whom AADs are ineffective or not tolerated, catheter ablation is recommended

In patients with IHD and symptomatic sustained monomorphic VT for whom AADs are

ineffective or not tolerated, catheter ablation is recommended

In patients with IHD, sustained monomorphic VT, and an ICD who experience frequent ICD

therapies, catheter ablation is recommended

In patients with IHD and sustained monomorphic VT who undergo ICD implantation,
perioperative catheter ablation should be considered to reduce the risk of recurrent VT or

ICD therapies

In patients with IHD who experience recurrent monomorphic VT despite chronic amiodarone
therapy, catheter ablation is recommended in preference to escalating AAD therapy

In patients with non-ischemic cardiomyopathy and sustained monomorphic VT for whom
AADs are ineffective or not tolerated, catheter ablation should be considered

In patients with bundle branch reentrant VT, catheter ablation is recommended for reducing

the risk of recurrent VT

GOR LOE
(MINDS)

COR LOE (MINDS)

IVb

Abbreviations: AAD, antiarrhythmic drug; COR, class of recommendation; GOR, grade of recommendation; ICD, implantable cardioverter-
defibrillator; IHD, ischemic heart disease; LOE, level of evidence; VT, ventricular tachycardia.
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Heart Disease),”®¢

which compared ablation and escalation of anti-
arrhythmic medication in patients with post-myocardial infarction
VT, found significantly fewer ICD shocks in the ablation therapy
group. However, in the subgroups of patients who did not take
amiodarone at baseline before randomization, there was no dif-
ference between escalation of antiarrhythmic drug therapy and
catheter ablation.

In studies that included ischemic and non-ischemic heart disease
as the underlying heart diseases, the VT-free survival was lower in
non-ischemic heart disease than inischemic heart disease, and tachy-
cardia inducibility after ablation was a prognostic predictor.”®”788

Catheter ablation can also be an effective preventive tool for
drug-refractory frequent ICD shocks (electrical storms) in ischemic
or non-ischemic heart disease.’®8%8? The recurrence rate of electri-
cal storm is low, at least if clinical VT is suppressed, which also af-

fects cardiac mortality.

6.1.2 | Ablation procedures

The recent technological advances in catheter ablation have sig-
nificantly improved the outcomes for sustained VT. To achieve re-
liable ablation, it is important to identify the appropriate ablation
site with precise mapping and electrophysiological techniques. The
treatment is relatively difficult, especially for VT with underlying
structural heart disease. Thus, it is preferable that the treatment is
performed in a facility with abundant experience or by an experi-
enced physician.

a. | Mapping systems. The 3D mapping system constructs a 3D
image of the myocardial surface (endocardium or epicardium), and
displays the arrhythmia substrate, arrhythmia origin, reentrant cir-
cuit, and position of the ablation catheter. It is especially useful for
ablation of VT with structural heart disease. The position of the tip
of the ablation catheter is determined from the magnetic field and
the impedance ratio.”®37¢7773974 The method of reconstructing the
heart anatomy using intracardiac echocardiography is also useful.”®®
Every system has good reproducibility of the electrode tip position
and is useful for reducing X-ray exposure.

b. | Methods for determining the ablation site. Idiopathic VT often
has a typical QRS waveform, and it can be classified into several
subtypes depending on its mechanism, QRS waveform, and the an-
atomical structures that cause the arrhythmia. The most common
origin of idiopathic VT is the right ventricular outflow tract.?3%94°
Other origins of tachycardia (or sites of successful ablation) include

941,991,992

the tricuspid annulus,’’® para-Hisian region, pulmonary

artery,g’g’s'995 left ventricular outflow tract,””®??% mitral valve an-

nulus,”??1%% sinus of Valsalva, %1904 |eft and right peripheral
Purkinje networks,?41:950.1005 coronary veins,lO()“"1008 papillary
muscles 7511009-1014 ¢y iy 10151019 5 g 10201021

Conversely, the causes of sustained VT associated with underly-

ing heart disease are diverse, including myocardial infarction, 0221027
arrhythmogenic right ventricular cardiomyopathy,1928-1032  phy.-
1034,1035

pertrophic cardiomyopathy,'®®® dilated cardiomyopathy,

Sowwnal of O%z/?yf/fﬂli(l/_wl LEYM

1036,1037 1038-1040

post-cardiac surgery scar, sarcoidosis, and myocar-
ditis.20411943 Moreover, the ECG waveforms during VT are varied.
The methods for determining the ablation site for sustained VT
include propagation mapping, entrainment mapping, pace mapping,
and substrate mapping. Usually, the ablation site is determined using

a combination of these methods.

i. | Propagation mapping. In this method, after VT induction, an in-
tracardiac electrogram is recorded and the propagation during VT
is analyzed. This mapping can only be performed in patients with
monomorphic VT with a stable QRS waveform and stable hemody-
namics during tachycardia. If the mechanism of VT is ectopic auto-
maticity or microreentry, the earliest activation site in the ventricle
is the optimal ablation site. If the earliest excitation site is healthy
myocardium in idiopathic VT, the unipolar lead recording exhibits a
QS pattern and a presystolic potential may sometimes be seen be-
fore the ventricular potential.

The mechanism of sustained VT with structural heart disease,
especially VT with scar tissue on the endocardial side, is often mac-
roreentry, and propagation mapping is important. As the macroreen-
trant circuit is continuous, this mapping does not involve the concept
of the earliest activation site.'°?21%4 Figure 25 is a schematic di-
agram of a reentrant circuit in VT with scar tissue (scar-related
VT).19% There is an excitation exit at the boundary between the scar
and the healthy myocardium, and the diastolic potential is often re-
corded during tachycardia within the LVA close to the exit.}022:1027
However, the diastolic potential may be a bystander unrelated to
the tachycardia circuit. In addition, even if the potential is on the
circuit, it is difficult to interrupt the circuit with catheter ablation
unless the site is in a narrow isthmus between non-excitable regions.
Therefore, the optimal ablation site in reentrant VT should be de-
termined using propagation mapping and other methods, including

entrainment mapping, as discussed below.

ii. | Entrainment mapping. This is a method that can identify the
reentrant circuit, distinguish the potential on the circuit from the

=235 1

FIGURE 25 Schematicillustration of scar-related
macroreentrant VT. Bys, bystander; CP, common pathway. (From
Stevenson et al, 1997'°% with permission.)
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Entrainment during VT

Concealed fusion

PPl = VTCL = 30 ms
or
S- QRS =EG - QRS =20 ms

Yes I No
*

S - QRS /VTCL (%) Adjacent bystander

I_I_I_I_I

Fusion

PPl = VTCL = 30 ms

No Yes

Remote bystander Outer loop

‘ <31% ‘ ‘ 31-50% ‘ ‘ 51-70% ‘ ‘ >70% ‘
Exit Central Proximal Inner loop
N J
e

Isthmus sites

FIGURE 26 Flowchart of the entrainment mapping scheme. EG, electrogram; PPI, postpacing interval; S, stimulus; VT, ventricular
tachycardia; VTCL, ventricular tachycardia cycle length. (From Stevenson et al, 1997'°%° with permission.)

bystander potential, and evaluate whether the site is a slow conduc-
tion pathway at the isthmus between non-excitable regions.1046-1053
A flowchart is shown in Figure 26. Burst stimulation is performed
using a cycle 10-30 ms shorter than the cycle during VT (entrain-
ment), to observe the QRS waveform during stimulation and the re-
turn cycle immediately after stimulation. To satisfy the conditions
that the potential recording site is on the circuit and in the isthmus
with slow conduction, the QRS waveform during entrainment must
match the VT (concealed fusion) and the return cycle should match
the tachycardia cycle. Alternatively, the difference must be <30 ms
and the stimulus-QRS interval during entrainment must match the
preceding potential-QRS interval during tachycardia, or the differ-
ence must be <20 ms Furthermore, it is important that the stimulus-
QRS interval is <70% of the tachycardia cycle for the site to be the
center of the common isthmus between the scars that are the opti-
mal sites for ablation. %2 Even if the criteria for concealed fusion and
return cycle are satisfied, if the stimulus-QRS interval is >70% of the
tachycardia cycle, the site is likely to be on an inner loop that is not
a common pathway, which will have a poor tachycardia suppression
effect!®* (Figures 25,26).

jii. | Pace mapping. This is a method in which pacing is performed
from the ablation catheter during sinus rhythm at almost the same
cycle length as the VT, and the QRS waveform and VT waveform are
compared. It is useful mainly for VT with a focal trigger, in which the
pace map waveform is almost identical to the VT at the optimal abla-
tion site. This method is particularly useful because most idiopathic
VTs originating from the outflow tract exhibit a focal trigger, and

VT is often not induced during catheter ablation. Pace mapping is

also useful in predicting the exit to healthy myocardium in macro-
reentry associated with scar tissue; however, in this case, the QRS
waveforms often do not completely match.}%%°1%57 When the abla-
tion catheter is in the slow conduction region of the isthmus, the
pace map waveform may coincide with the tachycardia with a pac-
ing delay 240 ms'®719341057 Fyrthermore, when pacing upstream of
the tachycardia circuit isthmus, the stimulus-QRS interval gradually
increases with the same QRS waveform; however, thereafter, the
pacing QRS waveform suddenly changes from a certain site. This is
because the main stimulus excitation propagates in the entrance di-
rection instead of the exit direction. A new pace mapping method
for estimating the tachycardia circuit isthmus based on these sudden
changes in the pace map waveform has also been reported.'0%810%
It should be kept in mind that the pace mapping waveform is also af-

fected by the stimulation cycle and output.

iv. | Substrate mapping. Substrate mapping is a method for iden-
tifying arrhythmic substrates during sinus rhythm in VT associ-
ated with structural heart disease,1879641030.1053,1060-1065 |t 4 pe
a means of determining the ablation site, particularly when mono-
morphic VT cannot be induced or when hemodynamics are unstable
during VT. It is useful for VT with scar tissue in the ventricle and has
evolved with the advent of the 3D mapping system.

Intracardiac potential is recorded during sinus rhythm or during
tachycardia. Areas where the QRS potential peak is 21.5 mV are de-
fined as healthy myocardium, and areas where the potential peak
is <0.5 mV or the ventricle is not captured even with high-output
pacing are defined as scarred.’®”7%* Given that the tachycardia

circuit is believed to exist in LVAs between the 2 aforementioned
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levels, detailed potential recording of the same area and the afore-
mentioned pace mapping are performed to estimate the arrhythmia
substrate and the site of the tachycardia circuit. Furthermore, by
finely adjusting the voltage threshold (usually setting the low volt-
age upper limit to 0.4-0.8 mV), the tachycardia circuit isthmus may
be depicted as a “relatively high-voltage area in the LVA,” which is
a useful technique (voltage threshold adjustment method).1053:106
During sinus rhythm, late potentials or isolated late potentials
may be recorded behind the QRS waves.?871030-1065 Thege poten-
tials are considered to indicate the slow conduction properties of
degenerated myocardium remaining between the scars, and it has
been shown that eliminating all these isolated late potentials leads
to suppression of tachycardia recurrence.1030:1032:1066.1067 1y aver,
not all recorded late potentials are related to the target VT circuit.
Moreover, a new concept has been proposed, called local abnormal
ventricular activity (LAVA), which incorporates not only late po-
tentials observed in LVAs but also late potentials in healthy areas
and abnormal potentials within the QRS wave phase.1068 Various

1069 1070 and

methods, such as scar homogenization, core isolation,
dechanneling,'%’! have been reported as ablation methods for sim-
ilar arrhythmic substrates (Figure 27). Scar homogenization is a
method of ablating all LVAs, and it has been shown that tachycar-
dia recurrence is low in the group treated on both the endocardium
and epicardium.®®’ However, areas unrelated to the initiation and
maintenance of tachycardia may also be ablated. Dechanneling is a

1071 \which

method of blocking all isthmuses in LVAs at their entrance,
can limit unnecessary ablation in scar homogenization. Core isola-
tion is a method of isolating LVAs, including the estimated VT circuit

isthmus, from the surrounding areas, 070

and the late potential re-
corded from the isthmus between the scars disappears or is electri-

cally dissociated after ablation.

VT circuit

. Normal myocardium

Scar homogenization
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Although this method is a highly elegant electrophysiological
technique, it is often difficult to use with a substrate with little scar-
ring that exhibits patchy fibrosis, such as non-ischemic cardiomy-
opathy. LAVA is a local ventricular abnormal potential that includes
not only the late potentials observed in LVAs but also late potentials
in healthy areas and abnormal potentials contained within the QRS
waves.19% The prognosis of arrhythmia recurrence has been demon-
strated to improve in the group with complete ablation of LAVAs;
however, as potentials within the QRS wave in healthy potential
areas are also LAVAs, the definition of complete ablation remains
questionable. A new method of analyzing frequency has been re-
ported as a technique for discriminating characteristics other than
visual potential characteristics, such as intracardiac voltage and late

potentials in abnormal areas. 1721073

v. | VT with a specific reentrant circuit. VTs with specific ablation

sites include bundle branch reentry and interfascicular reentry

tachycardias,941'942’1°74'1°77

T 941-950

and verapamil-sensitive idiopathic left
fascicular V

Bundle branch reentry and interfascicular reentry tachycardias
are more likely to occur in patients with low cardiac function and
intraventricular conduction disturbance, and the tachycardia cycle is
usually short. Diagnosis is important because it can be suppressed
by ablation of the right bundle (RB) or the left bundle. With a clearly
recorded His bundle electrocardiogram (H), a definitive diagnosis can
be made according to changes in the H-H, RB-RB, and V-V intervals
during tachycardia, comparing the H-V intervals during tachycardia
and sinus rhythm, and entrainment pacing from the apical septum of
the right ventricle. Bundle branch reentry and interfascicular reen-
try tachycardias are classified into 3 types depending on the bundle

branch used in the circuit and its direction (Figure 28).2421%77 The

Core isolation

Dechanneling LP or LAVA

FIGURE 27 Ablation methods with substrate mapping. LAVA, local abnormal ventricular activity; LP, late potential; VT, ventricular tachycardia



NOGAMI ET AL.
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FIGURE 28 Schematic illustrations of reentrant circuits for bundle branch reentry and interfascicular reentry tachycardias. AVN,
atrioventricular node; HB, His bundle; LAF, left anterior fascicle; LPF, left posterior fascicle; RB, right bundle. (From Nogami et al, 2011742

with permission.)

right or left bundle is the ablation site, a complete bundle branch
block appears after the procedure, and an atrioventricular block may
appear in some cases.

Verapamil-sensitive idiopathic left fascicular VT has sev-
eral subtypes depending on waveform and the site of successful
ablation.”*2748950 || cases, it is important to look for abnormal
Purkinje potentials with decremental conduction recorded as dia-
stolic potentials during tachycardia. No evidence exists that normal
bundle branches are part of the circuit. Therefore, there is no need

to create a bundle branch block or a fascicular hemiblock.”42746:947

c. | Radiofrequency energy application. The ablation catheter elec-
trode tip is passively heated by Joule heating generated by RF en-
ergy. If the temperature exceeds 70°C, blood protein components
and blood cells around the electrodes coagulate, which may result in
not only an insufficient ablation effect but also complications such
as thrombosis.’®’8 The use of an irrigation system that perfuses sa-
line from the tip electrode prevents overheating of the tip electrode
and allows sufficient energy to flow.

Non-irrigated catheters can be used for ablation in the right
ventricle. Normally, the RF energy delivery is performed at an
output of 30-50 W and a set temperature <60°C; however, in
many cases, sufficient output cannot be obtained because of tem-
perature increase. When using an irrigated-tip ablation catheter,
the temperature is set to <42°C, and ablation is started from an
output of about 20 W and thereafter adjusted to a maximum of
around 40 W. Irrigated-tip ablation catheters are often used for
scar-related VT, VT with an epicardial origin, and especially VT
originating from areas with thick myocardium such as the tricus-
pid annulus. In areas where conduction disturbance is a concern
(close to the atrioventricular node, bundle of His, bundle branch),
energy application is started from a sufficiently low output setting
(<15 W).

An irrigated catheter is usually used for VT originating in the left

ventricle from the viewpoint of thrombosis prevention; however,

when using a non-irrigated catheter, the maximum temperature
should be set lower than that in the right ventricle (=55°C).

For confirming sufficient lesion formation, the ST-segment on
the unipolar electrogram being more elevated than before abla-
tion, even without excessive catheter pressure, or reduction of the
local voltage and increase of the pacing threshold can be used as
indicators.

Although there is no reliable method to prevent the steam
pop phenomenon when using irrigation systems, according to
previous reports, in 80% of energy delivery that generated steam
pop, the impedance decreased by >18 ohms, which was the only

difference with non-pop energy delivery.1079

If a sudden imped-
ance change 215-20 ohms occurs, the energy delivery should be
stopped or the output should be reduced to prevent steam pop
during energy application.'9”8197% |n irrigation systems, physiolog-
ical saline is released into the heart chamber through the elec-
trode perfusion hole; thus, it is necessary to monitor urine output
and manage the water balance with intravenous administration of

diuretics as needed.

d. | Special ablation techniques. If the VT substrate is on the epi-
cardial side and the endocardial approach is unsuccessful, epicardial
ablation via pericardial puncture may be necessary.'%8%1%83 The use
of an irrigation system is essential in epicardial ablation; however,
as the physiological saline is retained in the epicardial space, hemo-
dynamic indicators such as blood pressure must be monitored, and
pericardial effusion must be drained as needed. Pericardial puncture
can be difficult in some cases of pericardial adhesion, such as in a
patient with a history of heart surgery. In these cases, after making
a small surgical incision, the catheter sheath can be inserted in the
epicardial space.'%8!

It is highly likely that the tachycardia origin is in the myocardium
if endocardial and epicardial approaches are unsuccessful, or if treat-
ment of tachycardia originating in the ventricular septum is unsuc-

cessful with both the right and left approaches. Arrhythmia surgery
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must be considered in such cases (see Chapter V). Moreover, several

special ablation techniques are available, including bipolar RF abla-

1084,1085 _:

tion (not covered by Japan's National Health Insurance), si-

1086 chemical (ethanol) ablation (not

) 1087-1090
,

multaneous unipolar RF ablation,

covered by Japan's National Health Insurance and needle

ablation (unapproved).t%%*

6.2 | Polymorphic VT and VF

6.2.1 | Catheter ablation indications
Table 70 shows the recommendations for catheter ablation for poly-
morphic VT/VF.

PVCs originating in the right ventricular outflow tract or distal
Purkinje fibers can trigger idiopathic polymorphic VT and VF.1092:1094
Recurrence of polymorphic VT and VF can be suppressed by target-
ing the PVC with catheter ablation,3*%5°310751997 3nd the long-term
outcome is good.319

Many reports have shown that similar ablation of distal Purkinje
fibers is also effective for polymorphic VT or VF in acute or re-
mote myocardial infarction and ischemic cardiomyopathy.1°78-1104
The basic treatment for recurrent polymorphic VT/VF complicated
by these conditions includes class Ill antiarrhythmic drugs, beta-
blockers, deep sedation, heart failure management, electrolyte
correction, and elimination of myocardial ischemia; however, if poly-
morphic VT/VF cannot be suppressed with these treatments, cathe-
ter ablation plays a significant role as a bailout therapy.

Endocardial ablation for PVC that triggers VF,}1%>11% and epi-
cardial ablation for abnormal potential areas of the free wall of the
right ventricular outflow tract,”>*11%7110% have been reported for
Brugada syndrome with frequent ICD shocks. Many cases have al-
ready been reported, particularly for the latter procedure, and the
long-term prognosis is good. Catheter ablation in other diseases
(such as early repolarization syndrome, myocarditis, amyloidosis,
valvular disease, non-ischemic cardiomyopathy, long QT syndrome,

and catecholamine-induced polymorphic VT) has been reported in
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1110-1114

only a small number of patients, and its effects and long-term

prognosis are still unknown.

6.2.2 | Catheter ablation procedures
To map the PVCs that trigger polymorphic VT/VF, it is desirable that
the target PVC be present during ablation. Deciding when to ablate
is important because recurrent, non-sustained polymorphic VTs are
easier to map when they occur spontaneously.1*% If the target PVC
does not exist at the time of ablation, pace mapping is performed.
For this reason, it is extremely important to record in advance the
PVC that triggers polymorphic VT/VF with a 12-lead ECG.
Idiopathic polymorphic VTs/VFs are often PVCs originating from

t 553,1093,1095,1096
’

the right ventricular outflow trac and short-coupled

variant of torsade de pointes (TdP) originating from distal Purkinje
fibers,319.553.1092,1094,1097

Catheter ablation for polymorphic VT/VF originating from the
right ventricular outflow tract is similar to ablation for normal id-
iopathic PVC or VT originating from the right ventricular outflow
tract. It is important that mapping be performed not only in the
right ventricular outflow tract but also in the pulmonary artery. The
short-coupled variant of TdP is a polymorphic VT that begins with a
PVC with a very short coupling interval, ¥4 and its origin is the
Purkinje tissue in the left or right ventricle. The mechanism of the
PVC itself is believed to be the triggered activity from Purkinje fi-
bers because it is transiently suppressed by verapamil and induced
by burst stimulation of the atrium or ventricle. Catheter ablation of
recurrent polymorphic VT/VF in ischemic heart disease targets the
distal Purkinje potential of the left bundle branch preceding the
triggering PVC.10741098-1103 |t should be noted that Purkinje fiber-
related monomorphic VT may occur after ablation of a triggering
pVC, 1103

6.2.3 | Non-pharmacotherapies other than catheter ablation or
devices

Table 71 shows the recommendations for thoracic sympathetic den-
ervation for VT/VF.

TABLE 70 Recommendations and evidence levels for catheter ablation of polymorphic VT/VF

In patients with idiopathic VF focally triggered by PVC from the RVOT or Purkinje system
for whom AADs are ineffective or not tolerated, catheter ablation is recommended

In patients with IHD and recurrent VF or polymorphic VT focally triggered by PVC from
the Purkinje system for whom AADs and myocardial ischemic therapies are ineffective or

not tolerated, catheter ablation should be considered

In patients with Brugada syndrome who experience recurrent VF and for whom AADs and 1b
ischemic therapies are ineffective or not tolerated, catheter ablation may be considered

In patients with structural and/or electrical heart disease (myocarditis, amyloidosis, 11b
valvular heart disease, non-ischemic cardiomyopathies, long QT syndrome, early
repolarization syndrome, catecholaminergic polymorphic VT) who experience recurrent
VF focally triggered by PVC from the RVOT or Purkinje system and for whom AADs are

ineffective or not tolerated, catheter ablation may be considered

GOR LOE
COR LOE (MINDS) (MINDS)

lla Vv

Abbreviations: AAD, antiarrhythmic drug; COR, class of recommendation; GOR, grade of recommendation; IHD, ischemic heart disease; LOE, level of
evidence; PVC, premature ventricular contraction; RVOT, right ventricular outflow tract; VF, ventricular fibrillation; VT, ventricular tachycardia.
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TABLE 71 Recommendations and evidence levels for surgical autonomic modulation for VT/VF

GOR LOE
COR LOE (MINDS) (MINDS)
In patients with long QT syndrome and recurrent appropriate ICD shocks despite maximum lla C IVa
tolerated doses of a beta-blocker and/or additional AADs, left cardiac sympathetic denervation is
recommended (not covered by Japan's National Health Insurance)
In patients with catecholaminergic polymorphic VT and recurrent sustained VT or syncope, while lla C IVa
receiving adequate or maximally tolerated beta-blocker with/without additional AADs, left cardiac
sympathetic denervation is recommended (not covered by Japan's National Health Insurance)
In patients with VT/VF storm in whom a beta-blocker, other AADs, and catheter ablation are lla C IVa

ineffective, not tolerated, or not possible, cardiac sympathetic denervation (cardiac sympathectomy
or thoracic epidural anesthesia) should be considered (not covered by Japan's National Health

Insurance)

Abbreviations: AAD, antiarrhythmic drug; COR, class of recommendation; GOR, grade of recommendation; ICD, implantable cardioverter-
defibrillator; LOE, level of evidence; VF, ventricular fibrillation; VT, ventricular tachycardia.

Thoracic sympathetic denervation?’”11151122 has been used
as an additional treatment for severe ventricular arrhythmias for
which beta-blockers and antiarrhythmic drugs are ineffective or
unusable. Thoracic sympathetic denervation includes stellate gan-

glion block,***> thoracic sympathetic ganglionectomy,2?7-300:1116-

1181120-1122 504 thoracic epidural anesthesia.''”!''? Thoracic
sympathetic ganglionectomy includes conventional surgery and

1161119 the use of

video-assisted thoracoscopic surgery (VATS)
which has recently become more widespread. The lower half of the
stellate ganglion and the thoracic sympathetic ganglion from T2 to
T4 are resected. In the largest study on long QT syndrome, inves-
tigating 147 patients, a >80% event reduction was observed after
surgical left sympathetic ganglionectomy.?’ In a registered study
of 226 catecholaminergic polymorphic VT (CPVT) patients, 18 (8%)
had undergone left sympathetic ganglionectomy and the treatment
was effective in >70% of them. 1122

The effectiveness of thoracic sympathetic denervation for VT
and VF refractory to treatment, in the presence of underlying heart
disease, has also been reported.!*711 Thoracic sympathetic dener-
vation with VATS in VT or VF storm patients with underlying heart
disease was demonstrated to result in fewer arrhythmic recurrences
and deaths in the bilateral sympathetic denervation group than in
the left sympathetic denervation only group.!**® In addition, tho-
racic epidural anesthesia was performed in patients with VT storm
with underlying heart disease, and VT was completely suppressed in
approximately half of the patients.1119

Thoracic sympathetic denervation for refractory VT and VF has
been reported to be effective in all procedures; however, in Japan,
it is not covered by national health insurance and the practice is not

yet widely adopted.

6.3 | PVCand NSVT

6.3.1 | Catheter ablation indication
Table 72 shows the recommendations for catheter ablation of PVCs
and nonsustained VTs (NSVTs).

F,1092.1093 catheter

When a PVC triggers polymorphic VT or V
ablation of the PVC can prevent the occurrence of polymorphic VT
or VF.?>21105,1123.1124 preqyent PVCs can cause cardiac dysfunction,
and ablation can improve cardiac dysfunction and the associated
symptoms.}12>1128 CRT plays an important role in the treatment of
heart failure; however, the effect of CRT is reduced when the biven-
tricular pacing rate decreases because of frequent PVCs/NSVTs.
Therefore, ablation of the PVCs/NSVTs improves cardiac function
by increasing the biventricular pacing rate.}'?’

In patients with frequent PVCs originating from the outflow
tract, PVCs may lead to cardiac dysfunction in the future; 1180
thus, ablation should be considered. An RCT demonstrated that
ablation therapy was more effective than antiarrhythmic medi-
cation in patients with frequent PVCs originating from the right
ventricular outflow tract.!*3* PVCs/NSVTs often originate from
the right ventricular outflow tract; however, they can also orig-
inate from other sites, such as the pulmonary artery, aortic si-
nuses of Valsalva, coronary vein, left ventricular outflow tract,
left ventricular epicardial site, ventricular annulus, and papillary

muscles.931’990'991’993'999’1001'1009’1015’1022'1132‘“33

Therefore, at-
tempting to diagnose and assess PVCs and NSV Ts from the wave-
forms of the surface 12-lead ECG before the ablation procedure,
performing detailed mapping and assessment of the intracardiac
electrograms obtained during the ablation procedure, and obtain-
ing a precise assessment of the anatomical relationships between
the arrhythmia origin and coronary arteries and heart valves are
crucial for avoiding futile RF energy applications and the ensuing
complications, and for successfully eliminating the PVCs/NSVTs.
The indication for ablation should be considered, taking into ac-
count possible complications at each ablation site.

It remains to be determined whether idiopathic PVCs or NSV Ts
cause heart failure (PVC-induced cardiomyopathy) or, conversely, if
arrhythmia appears as a symptom of heart failure.''?>'2® Cardiac
function is known to decrease in patients with frequent PVCs (ap-
proximately 210 000 beats/day, or approximately 210% of the total
number of heart beats)112711281130,1134-1136 Gyther risk factors for

PVC-induced cardiomyopathy include the duration of symptoms due
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TABLE 72 Recommendations and evidence levels for catheter ablation of PVC/NSVT

In patients with PVCs that trigger idiopathic polymorphic VT or idiopathic VF and for whom
AADs are ineffective or not tolerated, catheter ablation is recommended

In patients with frequent PVCs/NSVTs (210% of the total number of beats) who have serious
symptoms or severe ventricular dysfunction due to tachycardia and for whom AADs are
ineffective, not tolerated, or not the patient's preference, catheter ablation is recommended

In patients with symptomatic idiopathic PVCs originating from the right/left ventricular outflow
tract and for whom AADs are ineffective, not tolerated, or not the patient's preference,

catheter ablation should be considered

In non-responders to CRT with frequent PVCs/NSVTs limiting optimal biventricular pacing for
whom AADs are ineffective or not tolerated, catheter ablation should be considered

In patients with frequent ICD discharges due to NSVTs and for whom AADs are ineffective or

not tolerated, catheter ablation is recommended

In patients with symptomatic idiopathic PVCs originating from sites other than the ventricular
outflow tract and for whom AADs are ineffective, not tolerated, or not the patient's preference,

catheter ablation may be considered

In patients with asymptomatic idiopathic NSV Ts originating from the right/left ventricular
outflow tract and for AADs are not desired, catheter ablation may be considered

In patients with structural heart disease and frequent PVCs for whom AADs are not desired,

catheter ablation should be considered

GOR LOE
(MINDS)

COR LOE (MINDS)

Vv

IVa
IVa

IVb

\

Abbreviations: AAD, antiarrhythmic drug; COR, class of recommendation; CRT, cardiac resynchronization therapy; GOR, grade of recommendation;
ICD, implantable cardioverter-defibrillator; LOE, level of evidence; NSVT, nonsustained ventricular tachycardia; PVC, premature ventricular

contraction; VF, ventricular fibrillation; VT, ventricular tachycardia.

to PVCs, such as a longer duration of palpitations, or, conversely, as-
ymptomatic PVCs, 351137 pyCs with a wide QRS width, 118113 pyCs

1137

originating from the epicardium, a large number of interpolated

PVCs,11° 3 wide variation in the coupling interval,'**! and a short cou-
pling interval of PVCs followed by early atrial contraction.!#?

It has been also reported that ablation can improve cardiac
function in patients with frequent PVCs with structural heart

disease 1143-1145

6.3.2 | Catheter ablation procedures

a. | Mapping methods. Estimating the origin of PVCs/NSVTs
from the waveforms of a surface 12-lead ECG before ablation is
important for improving the success rate and reducing the opera-
tion time.731790:999.1001,1146-1152° A ctiyvation mapping is started from
the right ventricle in cases in which a right ventricular origin is sus-
pected from the ECG waveform, or when it is difficult to determine
whether the origin is the right ventricle or the left ventricle. Usually,
mapping is started after an electrode catheter is placed at the high
right atrium, right ventricular apex, and/or in the His bundle region.
Electrode catheters with extracardiac electrodes placed in sites such
as the inferior vena cava are useful as indifferent electrodes during
unipolar recordings.

If PVCs or NSV Ts occur frequently, a mapping catheter should be
placed at the site of origin anticipated from the 12-lead ECG wave-
form to identify the site of the earliest activation. Local ventricular
activation that precedes the onset of the QRS complex by 20-40 ms
is often recorded at the earliest activation site (successful ablation

site), and the unipolar recording shows a steep QS pattern. Ablation

is often unsuccessful when unipolar recordings show rS patterns. A
presystolic potential preceding the QRS complex is often recorded
at the ablation site in PVCs/NSVTs originating from the aortic sinus
of Valsalya,1001,1003,1153

Pace mapping is also useful to determine the ablation site. Pace
mapping relies on the principle that pace stimulation of the origin
of PVCs or NSV Ts will result in a surface QRS complex that exactly
matches the target PVC morphology on all 12 surface ECG leads.
When the same pace mapping waveform as the PVC/NSVT QRS
waveform is obtained (perfect or excellent pace map), the success
rate of ablation at the site is high. Pace mapping is particularly use-
ful when activation mapping is not possible because of suppression
of clinical PVCs/NSVTs. If clinical PVCs/NSVTs do not sponta-
neously occur during the procedure, rapid pacing and programmed
extrastimuli from the atria or ventricles might be useful to induce
them. Intravenous isoproterenol drip infusion (1-3 pg/min) is used
in cases in which PVCs/NSVTs are frequently observed during
exercise or during the day, and phenylephrine, which enhances
vagal tone, is used in cases in which PVCs/NSVTs frequently occur
during the night or at rest (ventricular pacing should be performed
when it causes severe bradycardia; this is not performed in pa-
tients presenting with high blood pressure, as it may cause a tran-
sient increase in blood pressure). Alternatively, anticholinesterase
drugs, such as edrophonium and neostigmine, may also be useful in
inducing PVCs/NSVTs. In cases in which PVCs/NSVTs are induced
or increased by programmed electrical stimulation or drug admin-
istration, a similar procedure is performed after ablation to confirm
that ablated PVCs/NSVTs do not appear.
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b. | Radiofrequency energy application. Right ventricular out-
flow tract ablation may be performed using a non-irrigated abla-
tion catheter, and the maximum power of 35-50 W at a maximum
electrode-tissue interface temperature of <60°C. The duration
of the application of RF energy is 60-120 seconds. When abla-
tion is effective, PVCs/NSVTs often disappear within 10 seconds.
If the effect is insufficient, the RF energy application should
be stopped early. When RF ablation is performed at the aortic
sinus of Valsalva with a non-irrigated ablation catheter, the maxi-
mum power should be 30-35 W, the temperature should be set
to a maximum of 55°C, and the duration of 1 application should
be <60 seconds, to avoid damage to the coronary arteries and
the aortic valve. To prevent damage to the coronary arteries,
the ablation site must be at least 8 mm from the coronary artery

ostium,1003

and it is necessary to confirm the ostium by imaging
the left and right coronary arteries before ablation. When using
an irrigated catheter, ablation is started from a power of about
20 W to a maximum of 40 W (for ablation at the aortic sinus of
Valsalva, up to approximately 35 W), and the temperature should
be set to a maximum of 42°C. The application power and duration
vary greatly depending on the individual patient and the contact
and stability of the ablation catheter. Therefore, it is necessary
to judge the degree of myocardial damage caused by ablation
based on the decrease in impedance during RF energy applica-
tion, the decrease in the amplitude of local electrograms, and the
increase in pacing threshold after ablation, and perform adjust-
ments accordingly.

The usefulness of catheter ablation with the transthoracic
epicardial approach has been reported even for PVCs or NSVTs
originating from the epicardial region.1017 There have been re-
ports of some successful cases of ablation with a coronary
venous or epicardial approach (pericardial puncture or small sur-
gical incision) and bipolar RF ablation (not covered by health in-
surance) for cases of unsuccessful ablation from the endocardial

side.1°16’1154'“55

7 | Catheter ablation for children

The treatment results and safety of catheter ablation for children
has improved with advances in technology. However, a fatal case
was reported in 2002, and the complication rate was reported to be
as high as 3.0%.11°° Typical complications include complete atrio-
ventricular block, ventricular perforation, pericardial effusion, and
embolism.?%® The risk associated with catheter ablation in children
depends on their body size. Body weight <15 kg and age <4 or
5 years have been used as cutoff criteria for high-risk standards for
catheter ablation. A 2016 consensus report from the PACES/HRS
proposed the 15 kg weight criterion, given that weight has a greater
effect on risk.*>” This guideline also considers the recommenda-
tions for catheter ablation separately for children weighing 215 kg
and children weighing <15 kg, in accordance with the aforemen-

tioned recommendation.

It should be noted that tachycardia in children has different char-
acteristics from those of adults. The intrinsic conduction time of the
conduction system is short, and tachycardia via the atrioventricular
node exhibits a higher heart rate in children than in adults. The type
and frequency of tachycardia varies with age, and the condition may

spontaneously resolve in some cases.1196:1158,1159

7.1 | Catheter ablation procedures

7.1.1 | Anesthesia and sedation

Catheter ablation in children often requires general anesthesia and/
or deep sedation, and is often performed by an anesthesiologist with
the patient under endotracheal intubation and general anesthesia.
Situations in which general anesthesia is particularly recommended
are shown in Table 73.

Propofol anesthesia is usually recommended for catheter abla-
tion in patients with preexcitation syndrome because the inhaled
anesthetics desflurane and sevoflurane are reported to suppress
conduction of the accessory pathway.!*¢? There are no restrictions
on anesthetics for catheter ablation for other conditions; however,
if arrhythmogenicity is suppressed by anesthesia, it is necessary to
make adjustments, such as changing the anesthetic or using a shal-
low plane of anesthesia that will allow spontaneous respiration. Use
of intravenous anesthetics requires an ECG, respiratory monitor,
and blood pressure, oxygen saturation, and exhaled CO, monitors.
Furthermore, monitoring the depth of anesthesia using the bispec-
tral index (BIS) or other system is also recommended. For detailed
information on how to use each drug, refer to the Guidelines for
the use of anesthetics and anesthetic-related drugs, issued by the

Japanese Society of Anesthesiologists.>%

7.1.2 | Medical devices used for catheter ablation
Because the diameter of children's blood vessels is small, the size and
number of catheters are limited. The minimum diameter of an elec-

trode catheter in Japan is 2F, and quadripolar steerable catheters

TABLE 73 Cases and conditions for which general anesthesia is
recommended during catheter ablation in children

Age <12 years

Complex congenital heart disease

Heart failure

Pulmonary hypertension

Hemodynamic instability

Respiratory comorbidities

Significant systemic comorbidities

Prediction of a prolonged procedure

A procedure near the coronary orifices or AV conduction system

Percutaneous epicardial approach

Patient or parent choice

(From Philip Saul et al, 2016%7)
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are also available. There is also a system that can introduce three
2F electrode catheters from one 5F sheath at once. The minimum
diameter of currently available ablation catheters is 5F (Ablaze,
Japan Lifeline Co., Ltd.), and the length of the tip electrode is 4 mm.
In general, for infants (weighing <10 kg), catheters are introduced
from both sides of the groin; however, the maximum diameter on
one side should be <7F. For a child weighing 15-30 kg, it is possible
to introduce 2 catheters from the left and right groin, but the size
of the selected catheter should be as small as possible. In children
weighing 230 kg, the number and size of catheters are almost similar
to those in adults.

Cryoablation (Freezor®, Medtronic) is recommended for AVNRT
in children. The greatest advantage of cryoablation is the lower
risk of atrioventricular block than with catheter ablation using RF
energy.!'®! It can also monitor the PR intervals and evaluate the
success of slow pathway ablation by atrial stimulation because junc-
tional rhythm does not appear during cryoablation. Cryoadhesion,
which means stabilization of the ablation catheter by adhesion to the
target tissue by cooling down the catheter, is another advantage of

1162 and a re-

1163

this technique. Reduction of coronary artery damage,
duced risk of thrombosis, because it does not damage the intima,
are also reported. Conversely, the manipulation of this catheter is
limited, and the procedure time tends to become long.'*¢* The suc-
cess rate of cryoablation has been reported to be 91%-100% (with a
recurrence rate of 1.7%-22.4%), which is comparable to the success
rate of RF ablation. From the safety perspective, there has been only

1 report of first-degree atrioventricular block with cryoablation.1¢®

Although some reports recommend cryoablation in infants,* it is
not very suitable for infants because of the size (7F) and stiffness of
the catheter.*42

Selecting a 3D mapping system for children is based on the body
size of the children and the size of the patch for the 3D mapping sys-
tem. The EnSite™ Velocity™ system (Abbott) has a small body sur-
face patch and is able to recognize the aforementioned 5F ablation

catheter, which is also useful for small children.

7.1.3 | Radiation exposure

It has been reported that children may be 2-3-fold more sensitive
to radiation than adults.*'¢” In addition, on average, children have
a longer life expectancy and are more likely to have long-term
radiation-induced health effects.?*®” There are no reports on the risk
of cancer from catheter ablation in children. Nevertheless, efforts
must be made to reduce exposure as much as possible. Exposure
can be reduced by using a 3D mapping system, intracardiac echo-
cardiography, and a system that superimposes radiographs taken in
advance on 3D mapping (CartoUnivu™ module, Biosense Webster)

(see section “1.5 X-ray exposure” in this chapter).

7.2 | Catheter ablation for children weighing <15 kg

The complications of RF ablation occur more often and

more severely in children weighing <15 kg than in those
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weighing 215 kg 61>11561168-1172 pparmacotherapy is the first-line
treatment for children weighing <15 kg. Ablation therapy may be
considered for infants with life-threatening arrhythmias and drug
resistance; however, this procedure should be performed by a well-

experienced pediatric electrophysiologist.

7.3 | Catheter ablation indication for children
without structural heart disease

7.3.1 | Atrioventricular reciprocating tachycardia
The most common tachycardia in children is AVRT caused by acces-
sory pathways.*'”3 Although the incidence of AVRT is high during the
neonatal period, tachycardia disappears by the age of 1 year in 90%
of cases, and it has been reported that the tachycardia relapses in
approximately 30% of patients by the age of 7-8 years.! 8 It has also
been reported that antegrade and retrograde conduction in acces-
sory pathways disappears by 1 year of age in about 40% of cases.!172
The indication of catheter ablation for AVRT in early infancy must
be determined by taking into account that the properties of the ac-
cessory pathways may change, and that recurrence may not occur.
The problems with asymptomatic preexcitation syndrome
without AVRT are cardiac arrest and sudden death due to rapid
ventricular response in association with AF,"75 and a decrease in
cardiac function due to ventricular dyssynchrony;'*’® however, this
condition is rare in children. No study has evaluated the risk fac-
tors for cardiac arrest and sudden death in preexcitation syndrome
by using electrophysiology studies under general anesthesia in
children; thus, the criteria for the risk of sudden death are the same
standards as those used for adults (shortest RR interval during AF
and rapid atrial pacing <250 ms, or the presence of multiple con-
duction pathways) (refer to section “3.1.1 Catheter ablation indi-
cation” in this chapter).

7.3.2 | Atrioventricular nodal reentrant tachycardia
The second most common tachycardia in children is AVNRT.*>¢ Its

incidence in children increases with age,**””

and the average age of
children with this condition is about 10 years higher than that of chil-
dren with AVRT. This is believed to be due to physiological changes

in atrioventricular node function. 781179

7.3.3 | Atrial tachycardia
Atrial tachycardia in children aged < 3 years without congenital heart
disease is often controlled with antiarrhythmic drugs; however, re-
sistance to drug treatment increases after age 3 years.!180118!
More than 70% of cases in children aged <3 years that can be
treated with drugs resolve spontaneously. However, among pa-
tients aged >3 years, <50% achieve sinus rhythm with pharmaco-
therapy and spontaneous remission has been reported in <25% of
cases. 1801181 Catheter ablation is a reasonable option if the patient
is >3 years old and tachycardia can be treated by this method.

The recommendations for catheter ablation for AVRT, AVNRT,
and atrial tachycardia are shown in Table 74,615,1168,1180-1188 4 +he
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TABLE 74 Recommendations and evidence levels for catheter ablation of AVRT, AVNRT, and AT in children without structural heart disease

GOR LOE
COR LOE (MINDS) (MINDS)

For pediatric patients with documented recurrent or persistent SVT, when medical therapy is either C IVa
not effective or is associated with intolerable adverse effects, catheter ablation is recommended
(medical therapy should be used prior to ablation in patients with body weight <15 kg)

For pediatric patients with body weight 215 kg and documented recurrent or persistent SVT C IVa
associated with ventricular dysfunction, catheter ablation is recommended

For pediatric patients with body weight 215 kg and documented recurrent or persistent SVT, when C IVa
the patient's family does not desire prophylactic AADs, catheter ablation is recommended

For pediatric patients with body weight 215 kg and recurrent acute hemodynamic compromise C 1Va
(hypotension or syncope) due to SVT, catheter ablation is recommended

For pediatric patients with body weight 215 kg and recurrent palpitation, when AVRT is inducible or lla C 1Va
an AV accessory pathway is observed in an EPS, catheter ablation of the accessory pathway should
be considered

For pediatric patients with body weight 215 kg and documented SVT, when SVT is noninducible, but lla C C1 1Va
a dual AV nodal physiology is observed in an EPS, catheter ablation of the AV nodal slow pathway
should be considered

For pediatric patients with body weight <15 kg and recurrent acute hemodynamic compromise 11b C Cc2 IVa
(hypotension or syncope) due to SVT, catheter ablation may be considered

For pediatric patients with body weight <15 kg and atrial tachyarrhythmias refractory to all 11b C c2 Vb

medications and substrate-targeted catheter ablation, AV nodal ablation with subsequent pacing

may be considered

Abbreviations: AAD, antiarrhythmic drug; AT, atrial tachycardia; AV, atrioventricular; AVRT, atrioventricular reciprocating tachycardia; COR, class of
recommendation; EPS, electrophysiological study; GOR, grade of recommendation; LOE, level of evidence; SVT, supraventricular tachycardia.

TABLE 75 Recommendations and evidence levels for catheter ablation for preexcitation syndrome in children without a history of AVRT

GOR LOE

COR LOE (MINDS) (MINDS)

In pediatric patients with preexcitation syndrome following resuscitated cardiac arrest, catheter B Vb

ablation of the accessory pathway is recommended

In pediatric patients with preexcitation syndrome and syncope when there are predictors of a
high risk for cardiac arrest, catheter ablation of the accessory pathway is recommended (see

Chapter I, section 3.1.1 Catheter ablation indication)

IVb

In pediatric patients with preexcitation syndrome, body weight 215 kg, and ventricular lla C c1 IVb
dysfunction presumed to be due to dyssynchrony; or in pediatric patients with preexcitation
syndrome, body weight <15 kg, and ventricular dysfunction presumed to be due to
dyssynchrony when medical therapy is either not effective or associated with intolerable
adverse effects, catheter ablation of the accessory pathway should be considered

In pediatric patients with preexcitation syndrome and body weight 215 kg, when the patient and Ilb C C2 IVb
the patient's family request for ablation, catheter ablation of the accessory pathway may be

considered to reduce the risk of arrhythmic events

In pediatric patients with preexcitation syndrome, catheter ablation of the fasciculoventricular

accessory pathway is not recommended

Abbreviations: AVRT, atrioventricular reciprocating tachycardia; COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence.

recommendations for preexcitation syndrome without a history of
AVRT are shown in Table 75.613:1176.1189-1198

7.3.4 | Ventricular arrhythmia

Ventricular arrhythmias in children have different characteris-
tics from those in adults. VT in children often does not disrupt
hemodynamics and has a low risk of sudden death,11991200 5ng
spontaneous regression has been reported in 17%-90% of the

cases,1159.1201-1203 Frequent PVCs can impair cardiac function in

children, as in adults; however, PVCs account for 10%-24% of the
total number of heartbeats, which may lead to the development

of decreased cardiac function in adults*?%*

compared with 230%-
50% in children.*2°%1205 |f PVCs are present in 0% of the total
number of heartbeats, even in children, careful follow-up should
be performed with attention to cardiac function, while considering
catheter ablation.

The outcomes of catheter ablation in children are good for VT

and PVC originating from the outflow tract, and for idiopathic left
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posterior fascicular VT.12° However, idiopathic left anterior fascic-
ular VT is more difficult to treat and there is increased risk of com-
plications.}*?” There are no large-scale studies of the complications
and prognosis of catheter ablation for ventricular arrhythmias in chil-
dren. There are reports of catheter ablation for VT disrupting hemo-
dynamics in infants in which the patients were rescued;!170.1207.1208
however, catheter ablation in infants with conditions controllable

with drugs should generally be delayed until the child weighs 215 kg
(Table 76).1092.1157,1159,1200,1201,1203,1209-1211

7.3.5 | Other arrhythmias

Other rare arrhythmias in children include AFL, AF, and junctional
ectopic tachycardia. However, as few reports on catheter ablation
include many pediatric cases, the descriptions of recommendations
have been omitted. These tachycardias in children are characterized
by the AFL/junctional ectopic tachycardia seen in the early neonatal
period, which often subsides as the child grows.*?'21213 AFL and AF
seen in school children and adolescents may sometimes be induced
by AVRT or AVNRT.*?14

74 | Catheter ablation for children with congenital
heart disease

7.4.1 | General remarks

Tachyarrhythmia complicated by congenital heart disease increases
the risk of lower cardiac output and heart failure, and has a large
clinical impact. It is also important to understand that each congeni-

tal heart disease has a characteristic tachyarrhythmia.

Sowmnal of Ctilytlmia

Catheter ablation for congenital heart disease has a lower suc-
cess rate and a higher recurrence rate than that for the normal
heart.1?1> However, a 2014 consensus report on the treatment
of arrhythmias in adult congenital heart disease indicated that
pharmacotherapy is problematic in terms of adverse reactions
and efficacy, and recommended early application of catheter ab-
lation.**® Particularly when an arrhythmogenic substrate is pres-
ent before intracardiac repair, treatment is difficult if tachycardia
appears during the perioperative period, and catheter access
may be difficult postoperatively. Therefore, aggressive catheter
ablation is preferred, regardless of body weight, for tachycardia
with accessory pathways other than cases attributable to revers-
ible causes (transitory neonatal period, within 3 months after
surgery, stimulation during catheter manipulation, electrolyte
abnormality).

Refer to the separate section in this chapter for information on
delayed-onset tachycardia after surgery for congenital heart disease

(5.1 Atrial tachycardia after heart surgery).

7.4.2 | Secondary pathways associated with Ebstein's disease
Refer to section “5.2.1.d. Ebstein's disease” disease in this chapter.

7.4.3 | Supraventricular tachycardia in atrioventricular
discordance

A condition in which the right atrium and the left ventricle are con-
tinuous, and the left atrium and the right ventricle are continu-
ous, as typified by a congenitally corrected transposition of the
great arteries, is called an atrioventricular discordance. Cases

complicated by preexcitation syndrome and AVNRT have also

TABLE 76 Recommendations and evidence levels for catheter ablation of ventricular arrhythmias in children

GOR LOE
COR LOE (MINDS) (MINDS)

In pediatric patients with body weight 215 kg and recurrent or persistent sustained VT IVb
with ventricular dysfunction for whom medical therapy is either not effective or is
associated with intolerable adverse effects, catheter ablation is recommended as an
alternative to antiarrhythmic medications

In pediatric patients with body weight 215 kg and symptomatic frequent PVCs, catheter lla C Cc1 Vb
ablation of PVCs should be considered

In pediatric patients with body weight 215 kg and accelerated idioventricular rhythm with Ilb C c2 IVb
symptoms and ventricular dysfunction, catheter ablation may be considered

In pediatric patients with recurrent or frequent polymorphic VT, catheter ablation of the I1b B Cc1 Vb
PVCs that trigger polymorphic VT or arrhythmogenic substrate may be considered

In pediatric patients with body weight <15 kg and ventricular arrhythmias that are either © D Vb
controlled medically or hemodynamically well tolerated without ventricular dysfunction,
catheter ablation is not recommended

In pediatric patients with body weight <15 kg and accelerated idioventricular rhythm, C D Vb
catheter ablation is not recommended

In pediatric patients with asymptomatic ventricular arrhythmias that are not suspected of C D IVb
causing or leading to ventricular dysfunction, catheter ablation is not recommended

In pediatric patients with ventricular arrhythmias due to transient reversible causes, such C D IVb

as acute myocarditis or drug toxicity, catheter ablation is not recommended

Abbreviations: COR, class of recommendation, GOR, grade of recommendation; LOE, level of evidence; PVC, premature ventricular contraction; VT,

ventricular tachycardia.
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FIGURE 29 Conduction system in atrioventricular discordance. Ant., anterior; Ao, aorta; Lavc, left atrioventricular canal; LBB, left bundle
branch; MLvent, morphological left ventricle; PA, pulmonary artery; Post., posterior; RA, right atrium; Ravc, right atrioventricular canal; RAA,
right atrial appendage; RBB, right bundle branch; VSD, ventricular septal defect. (Modified from Anderson et al, 19732 with permission.)

Atrial situs solitus

Right atrial isomerism

been reported. Points to note during catheter ablation include the
location and alignment of the atrioventricular node. Depending
on the alignment of the atrial and ventricular septum, through
the development process, only the anterior or only the posterior
atrioventricular node may be remaining, or both the anterior and
posterior atrioventricular nodes may remain (twin atrioventricular
nodes).}?1%1217 The posterior atrioventricular node should be lo-
cated in the Koch triangle, whereas the anterior atrioventricular
node is located at the point where the mitral valve annulus comes
into contact with the pulmonary artery, and the lower conduction
pathway extends to the ventricular septum anterior to the pul-
monary artery (Figure 29).22Y If both the anterior and posterior
atrioventricular nodes remain, tachycardia that circulates between
the 2 atrioventricular nodes can be initiated (twin atrioventricular
node reentrant tachycardia).'?'8

Ablation therapy for preexcitation syndrome is performed in the
usual manner. As AVNRT is located in an unusual site, the site of
ablation should be carefully determined, and care is needed to avoid
atrioventricular block. Furthermore, the coronary sinus and cardiac
veins are positioned differently from a normal heart;*?¥ there-
fore, the positions should be confirmed when placing the electrode

catheter.

Atrial situs inversus

Left atrial isomerism

FIGURE 30 Atrial situs solitus:
morphological right atrium on the right
and morphological left atrium on the left.
Atrial situs inversus: morphological left
atrium on the right and morphological
right atrium on the left. Right atrial
isomerism: bilateral morphological right
atria. Left atrial isomerism: bilateral
morphological left atria. LAA, left atrial
appendage; RAA, right atrial appendage.
(From Anderson, 2010'2%° with
permission.)

7.4.4 | Supraventricular tachycardia in heterotaxy syndrome
Heterotaxy syndrome is a concept that describes the left-right dif-
ferentiation disorder of organs. In this disorder, atrial, thoracic, or
abdominal organs present with isomerism (symmetric structure)
(Figure 30).122° Disorders of the conduction system also frequently
occur. Because the sinus nodes and atrioventricular nodes are right-
sided organs, the 2 sinus nodes and 2 atrioventricular nodes are often
in right atrial isomerism. Hypoplastic and/or aplastic sinus nodes are
in left atrial isomerism, often resulting in atrioventricular conduc-
tion disturbance.??! When there are 2 atrioventricular nodes, twin
atrioventricular node reentrant tachycardia may arise,*?*® in which
the tachycardia rotates around the 2 atrioventricular nodes. The
crista terminalis, which serves as an electrical barrier during intra-
atrial reentrant tachycardia, is a right-sided structure. Therefore, it
is present in both atria in right atrial isomerism and is often absent in
left atrial isomerism.'?2° Therefore, the incidence of atrial reentrant
tachycardia is high for right atrial isomerism and low for left atrial
isomerism.'2221223 As the incidence of arrhythmias before and after
surgery is high, the presence of arrhythmia should be closely moni-
tored, and catheter access routes should be carefully examined.
Table 77 shows the recommendations for catheter ablation for

tachyarrhythmias in congenital heart disease.”?81215:1218.1224-1227
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TABLE 77 Recommendations and evidence levels for catheter ablation of tachyarrhythmias in children with congenital heart disease

In pediatric patients with CHD, body weight 215 kg, and recurrent or persistent SVT, when medical
therapy is either not effective or associated with intolerable adverse effects, catheter ablation is

recommended as an alternative to AADs

In pediatric patients with CHD, body weight 215 kg, and recurrent symptomatic AT
occurring >3 months after surgery, when medical therapy is either not effective or associated with
intolerable adverse effects, catheter ablation is recommended as an alternative to AADs

In pediatric patients with CHD, body weight 215 kg, symptomatic preexcitation syndrome, and
high-risk factors, as commonly encountered in Ebstein's disease, catheter ablation of the accessory

pathway is recommended

In pediatric patients with CHD, body weight 215 kg, and sustained monomorphic VT causing
symptoms or hypotension, when medical therapy is either not effective or associated with
intolerable adverse effects, catheter ablation should be considered as an alternative to AADs

In pediatric patients with moderate or complex CHD, body weight 215 kg, and recurrent or lla C
persistent AVNRT when medical therapy is either not effective or associated with intolerable

adverse effects, catheter ablation of AVNRT should be considered

In pediatric patients with CHD and substrates that have a reasonable likelihood of contributing to lla C
tachyarrhythmias in the postoperative period, when impending congenital heart surgery will result
in restriction of vascular or chamber access following surgery, presurgical catheter ablation of

arrhythmic substrates should be considered

In pediatric patients with CHD, body weight 215 kg, and frequent monofocal PVCs thought to lla C

GOR LOE
(MINDS)

COR LOE (MINDS)

Vb

Vb

IVb

Vb

Vb

IVb

\4

be contributing to deteriorating ventricular function, and in pediatric patients with CHD, body
weight <15 kg, and frequent monomorphic PVCs thought to be contributing to deteriorating
ventricular function when medical therapy is either not effective or associated with intolerable

adverse effects, catheter ablation of PVC should be considered

In pediatric patients with CHD, body weight <15 kg, and SVT with acute hemodynamic compromise,  Ilb C C2 IVb

catheter ablation of SVT may be considered

In pediatric patients with CHD and atrial tachyarrhythmias refractory to all medications and 1b C Cc2 \Y|
substrate-targeted catheter ablation, AV nodal ablation with subsequent pacing may be considered

In pediatric patients with CHD and atrial tachyarrhythmias or junctional ectopic tachycardia that
can be managed medically in the early postoperative period (<3 months postoperatively), catheter

ablation is not recommended

In pediatric patients with CHD and ventricular arrhythmias who are deemed to be at an increased risk
for sudden cardiac death and in whom an ICD is otherwise indicated, prophylactic catheter ablation is

not recommended

© D IVb

Abbreviations: AAD, antiarrhythmic drug; AT, atrial tachycardia; AV, atrioventricular; AVNRT, atrioventricular nodal reentrant tachycardia; CHD,
congenital heart disease; COR, class of recommendation; GOR, grade of recommendation; LOE, level of evidence; PVC, premature ventricular

contraction; SVT, supraventricular tachycardia; VT, ventricular tachycardia.

[Correction added on 29 June, after first online publication: In the eighth description, 'In pediatric patients with CHD, body weight 215 kg, ... has

been amended to 'In pediatric patients with CHD, body weight <15 kg, ..."]

IV | LEFT ATRIAL APPENDAGE CLOSURE
DEVICE

The left atrial appendage closure (LAAC) device was developed as a
non-pharmacotherapy option for preventing cardiogenic thromboem-
bolism in patients with non-valvular atrial fibrillation (NVAF) who are
unable to tolerate long-term anticoagulation therapy. More than 90%
of thrombi formed in the atria originate in the left atrial appendage
(LAA) in NVAF patients.'??® Therefore, LAA surgical resection, sutur-
ing closure, or LAAC or resection using an automatic suturing device is
performed during heart surgery (see Chapter V, 1.3.2 LAAC or resec-
tion). Recently, a LAAC system using a percutaneously inserted cathe-
ter has been developed as an alternative therapy for oral anticoagulant

therapy. In Europe and the USA, a number of LAAC devices are already

in clinical use, including WATCHMAN" (Boston Scientific, approved
by the Pharmaceutical and Medical Devices Act in February 2019;
Figure 31);'22? AMULET" (Abbott, unapproved in Japan); and LARIAT"
(SentreHEART, unapproved in Japan), which ligates the LAA from the
epicardial side via epicardial puncture. Two randomized controlled trial
(RCTs), PROTECT AF (Watchman Left Atrial Appendage System for
Embolic Protection in Patients with AF)!?%° and PREVAIL (Watchman
LAAC Device in Patients with Atrial Fibrillation versus Long-term
Warfarin Therapy)'?®! have been conducted to investigate the non-
inferiority of the WATHCMAN" device to long-term warfarin admin-
istration in patients with a cerebral infarction risk (CHADS, score >1).
In a combined analysis of the 2 trials (target patients: 1,114,
follow-up: 4,343 person-years), there was no significant dif-

ference in the primary efficacy endpoints (stroke, systemic
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WATCHMAN

FIGURE 31 WATCHMAN" device. Schema of implantation: delivery (A), deployment (B), and release (C). (D) Close-up view of the
WATCHMAN device. (E) Transesophageal echocardiographic image of an occluded LAA following deployment of a WATCHMAN™ device.
LA, left atrium, LAA, left atrial appendage. (From De Backer et al, 201427 with permission.)

embolism, cardiovascular death/death with unknown cause) for
the WATCHMAN device group and the long-term oral warfarin
group nor in the primary safety endpoints (serious bleeding and
procedure-related complications).}?3? Although there was no sig-
nificant difference in the incidence of cerebral infarction events
between the 2 groups, the incidence of hemorrhagic stroke
(hazard ratio (HR) 0.2, 95% confidence interval (Cl) 0.07-0.56,
P = .0022), stroke with disabling/fatal stroke (HR 0.45, 95% Cl
0.21-0.94, P = .034), and cardiovascular death/death with un-
known cause (HR 0.59, 95% CI 0.37-0.94, P = .027) was signifi-
cantly lower in the WATCHMAN group. The results indicated that
the LAAC device could be an alternative to anticoagulant therapy
for NVAF patients at high risk for bleeding events. In PROTECT
AF, the high number of perioperative complications (cardiac tam-
ponade, cerebral infarction, device embolism) was problematic;
however, after procedural improvements, a high procedure suc-
cess rate was reported in post-marketing registration studies
conducted in Europe and the USA (>95%; definition of proce-
dural success: <5 mm leakage around the device), with a reduced
incidence of perioperative complications (<2%).123%1234 | the
SALUTE study,'?®® implemented in Japan to verify the efficacy
and safety of WATCHMAN in Japanese NVAF patients at a risk
for cerebral infarction (CHAZDSZ—VASC score 22), the procedural

success rate and safety were similar to those in studies in Europe

and the USA, and efficacy up to 6 months after procedure was
demonstrated.

The LAAC device is a potential alternative to long-term warfarin
treatment for NVAF. However, no RCTs have been performed to
verify the efficacy and safety of the LAAC device versus direct-
acting oral anticoagulants (DOACs), which are as effective as, but
safer than, warfarin. In the 2 previous RCTs on the WATCHMAN
device, combination therapy of warfarin and aspirin was immedi-
ately used after device implantation. Therefore, the safety of the
LAAC device has not been established for patients who are unable
to tolerate anticoagulation therapy immediately after procedure.

When selecting a LAAC device, it is important to accurately
evaluate the LAA morphology using transesophageal echocar-
diography (TEE) and contrast-enhanced computed tomography.
Inappropriate selection of a LAAC device can result in postopera-

tive device embolization and >5 mm peri-device leakage.

V | ARRHYTHMIA SURGERY
1 | Atrial fibrillation

Table 78 shows the recommendations for surgical procedures for
AF.
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The maze procedure,'?%¢1238 developed by Cox et al in 1987,
has become the gold standard for AF surgery. However, mod-
ifying and simplifying the atrial incision lines, and substituting
cryoablation and radiofrequency to make incision lines, have
been used as alternatives to simplify the procedure and to make
it less invasive.'27124 The maze procedure restores AF to sinus
rhythm in 70%-90% of cases when performed in appropriate pa-
tients.}2471252 Clinjcal data have been accumulated, and even after
the publication of the 2012 guidelines, consensus statements and
guidelines of various overseas academic societies were updated

based on the new data.”>78:¢91:1253-1255

1.1 | Surgery for AF with structural heart disease

The maze procedure became widely used in Japan in the 1990s
as a concomitant procedure for heart surgery for structural heart

disease,1239'125°

and its use has since spread overseas with ad-
vancements in devices.'?° Surgery for the underlying disease is
broadly classified into mitral valve surgery, which requires left
atrial incision, and aortic valve replacement and coronary artery
bypass, which do not require left atrial incision. Regardless of the
difference in invasiveness, the operative mortality rate is not in-
creased by concomitant AF surgery.125’7'1261 A meta-analysis of
10 RCTs and 14 non-RCTs?°® and an analysis of the Society of

Thoracic Surgeons (STS) database?¢?

indicated that AF surgery
can improve the postoperative 30-day mortality. A meta-analysis
found no significant difference in the incidence of cerebral in-
farction or other major complications during the perioperative
period; however, the frequency of implantation of a new pace-
maker after surgery increased with the application of the maze
procedure.’?>®> Another meta-analysis did not find a significant

difference in postoperative renal function impairment, although

Yo / of O%Z/ﬁyfllia/

the incidence was increased according to an analysis of the STS
database.1?62

The effect of improving life prognosis in the long-term postoper-
ative period was not significantly different up to 1 year after surgery
in an RCT; however, a meta-analysis of 28 articles, including non-
RCTs with extended follow-up, showed that AF surgery significantly
improved the long-term prognosis.'?>°

A meta-analysis of 11 articles including RCTs and non-RCTs (RCT
analysis up to 1 year after surgery) did not show any significant ef-

fect in preventing postoperative late-stage cerebral infarction.'?%

Conversely, 2 studies from Japan2631264 (

up to 10 and 8 years of
follow-up) showed significant prevention of cerebral infarction in
the late stage, and a meta-analysis of 5 non-RCTs, including those 2

1260 showed

articles,*2%® found similar results. Another meta-analysis
that the longer the postoperative observation period, the higher
the odds ratio of preventing cerebral infarction. It has been shown
that quality of life (QOL) in the long-term postoperative period is
improved in the sinus rhythm maintenance group after the maze
procedure, 125512651266

The basic mechanisms of eliminating AF in the maze procedure
are electrical isolation of the pulmonary veins with high-frequency
repetitive activation and preventing reentry with multiple atrial in-
cision lines; however, AF has been terminated in some patients with

pulmonary vein isolation (PVI) alone,'2¢”

and indications for simpli-
fied surgery depending on the case have been investigated. AF sur-
gery is broadly classified into (1) bi-atrial incision surgery typified by

maze Ill and 1V;1267-1269 (2)

“left atrial maze” procedure, in which the
maze incision lines are limited to the left atrium;?7%12”! and (3) bilat-
eral PVI only, based on the lesion set. When selecting these lesion
sets, it is essential to consider the indications and effects of (1) com-
bined surgery with a left atrial incision, (2) combined surgery with no
left atrial incision, and (3) single AF procedure for isolated AF. It is

also necessary to take into account factors such as whether the AF

TABLE 78 Recommendations and evidence levels for surgical procedures for AF

Procedure

Concomitant

For patients with AF who undergo LA open procedures, such as mitral

GOR LOE
(MINDS)

COR LOE (MINDS)

surgical valve surgeries, concomitant surgical ablation of AF is recommended
ablation of For patients with AF who undergo non-LA open procedures, such as 11
AF CABG or AVR, concomitant surgical ablation of AF is recommended
Stand-alone For patients with symptomatic AF and without structural heart disease, |
surgical stand-alone surgical ablation of AF should be considered
ablation of For patients with unsuccessful catheter ablation for AF, stand-alone lla 1l
AF surgical ablation of AF should be considered
For patients with AF and LA thrombi, stand-alone surgical ablation of AF lla \
should be considered
LA excision In conjunction with surgical ablation of AF, LA excision or occlusion lla IVa
or occlusion should be considered
In conjunction with cardiac procedures for patients with AF, LA excision lla IVa

or occlusion but without surgical ablation of AF should be considered

Abbreviations: AF, atrial fibrillation; AVR, aortic valve replacement, CABG, coronary artery bypass grafting, COR, class of recommendation; GOR,

grade of recommendation; LA, left atrium; LOE, level of evidence.



NOGAMI ET AL.

is paroxysmal or persistent (or long-term persistent), and the extent
of left atrial enlargement.

With respect to the lesion sets concomitant with cardiac sur-
gery for structural heart disease, some reports have indicated that
the bi-atrial procedure is more effective,'?”2127% although PVI only
without a block line on the left atrium is ineffective according to
other reports.'?”* However, in 2015, a multicenter RCT reported no
difference in the AF-free rate at 1 year postoperatively between the
bi-atrial maze procedure and PVI in combined surgery with mitral
valve surgery.'?”> However, the uniformity of the different facilities,
including the appropriateness of the surgery, is unknown, and fur-
ther studies are needed.

On the basis of the analysis of the Japan Adult Cardiovascular
Surgery Database Organization?’® and the US STS database,?%?
PVl is performed in almost half of patients who do not require atrial
incisions, as a combined surgery without a left atrial incision such
as aortic valve replacement or coronary artery bypass surgery. PVI
alone may be effective because the left atrial load is relatively low
in patients undergoing these procedures; however, in patients with
marked left atrial enlargement, the effect of PVI alone on AF is
diminished.?541277

1.2 | Surgery forisolated AF

AF surgery for isolated AF (not associated with structural heart dis-
ease) has shown better results than catheter ablation in a large num-
ber of studies, including meta-analyses and RCTs; 2781281 however,
postoperative complications are more common with AF surgery
than with catheter ablation.'?781282 | Japan, <100 cases of maze
procedure are performed annually for isolated AF.*?8% AF surgery
for isolated AF is usually performed in relatively young patients
with a short history of AF, and is often performed as a minimally
invasive heart surgery in the USA.12>* The conventional maze pro-
cedure under cardiopulmonary bypass with a right thoracotomy or
an endocardial approach using simplified maze procedures has been
performed.?841285 Gjven that PVI alone using catheter ablation has
also been shown to be effective to a certain degree,'?’81286:1287 the
procedure was developed into minimally invasive surgery, such as
small thoracotomy and thoracoscopic surgery.'24>12881287 However,
there have been reports on the possibility of leaving incomplete

block lines,?%°

and low efficacy for persistent (or long-term persis-
tent) AF,'?% and device improvements and refinement of the lesion
set are ongoing.*?721274 With respect to the safety of minimally in-
vasive surgery for isolated AF, a review of 23 articles in 2013 showed
that the operative morality rate was 0.4% and the complication rate
was 3.2%,12%° whereas the operative morality rate in the US STS da-
tabase was 0.74%.1254

Despite the aforementioned problems of minimally invasive AF
surgery, it has the advantage of allowing intraoperative electrophys-
iological studies to be performed because it is a beating heart sur-
gical procedure. This means that additional treatment for residual

conduction gaps and non-PVI foci based on the study results is also

possible. Hybrid surgery, in which surgical epicardial ablation and
percutaneous endocardial ablation are performed simultaneously (1-
stage surgery) or within 6 months from each other (2-stage surgery),
is a reasonable treatment strategy.'2?5'%?7 Although additional pro-
cedures can be performed immediately based on the results of intra-

1298 there

operative electrophysiological studies in 1-stage surgery,
is no evidence that the outcomes of 2-stage surgery are inferior. A
variety of surgical procedures has been reported as hybrid surgery,
combining various approaches (bilateral or unilateral transthoracic
approach, subxiphoid approaches, etc), various lesion sets, and
LAAC.1279-1309 owever, the effectiveness of these methods has yet
to be objectively verified.

The maze procedure for patients with unsuccessful catheter ab-
lation achieves return to sinus rhythm more frequently than does
additional catheter ablation.}?78128%1310 |y hatients with AF compli-
cated by left atrial thrombosis, surgical thrombectomy and appropri-
ate postoperative anticoagulant therapy are performed if the patient
has a history of, or is at a high risk for, thromboembolism because
of poorly lytic thrombi. In addition, objective studies are needed to
determine whether recurrence of left atrial thrombosis and throm-
boembolism can be prevented by restoring sinus rhythm with a si-
multaneous maze procedure.

In this guideline, the class of recommendation for AF surgery
for isolated AF is lla. Thoracoscopic and robot-assisted surgical
treatments are expected to become more commonplace in the fu-
ture; however, it is necessary to consider the effectiveness of this
treatment for persistent AF and to compare it with that of catheter

ablation.

1.3 | Additional surgical treatment for AF

1.3.1 | GP ablation

In recent years, ganglionated plexus (GP) ablation has been per-
formed as part of AF surgery.'®1%1313 A meta-analysis found that the
addition of GP ablation to the maze procedure or PVI resulted in
better short- and mid-term outcomes than either surgery alone.!3'
Conversely, an RCT (AFACT [AF Ablation and Autonomic Modulation
via Thoracoscopic Surgery]) at a single facility reported that GP abla-
tion had no effect.®*’ Therefore, reports from multicenter RCTs are

awaited.

1.3.2 | LAAC orresection
The LAA is a common site of thrombus formation, and may be in-
volved in up to 90% of cerebral infarction cases in non-rheumatic AF
patients.'??® Focal triggers from the LAA are also among the non-
pulmonary vein focj. 18151318

The LAA has long been targeted to prevent cerebral thrombo-
embolism associated with AF after open-heart surgery, as well as
AF surgery, and procedures include (1) surgical resection and suture
closure, (2) suture closure from inside the left atrium, and (3) closure
from outside the heart using devices such as an automatic suture de-

vice. On the basis of postoperative evaluation of residual blood flow
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and stump length in the LAA, some reports suggested that these
procedures do not completely prevent cerebral infarction;*31%1320
however, a meta-analysis found that cerebral infarction was reduced
in the early and chronic postoperative phases (250% in the chronic
phase).’*2! LAAC with a clip-type device has been reported to have a
small residual margin, and no cerebral infarction has been seen in the
long-term results.'322132% Recent large-scale retrospective studies
have demonstrated the efficacy of simultaneous LAAC with cardiac
surgery for preventing cerebral infarction and improving life progno-
sis in patients with AF.*3241325 However, the efficacy of stand-alone
treatment and the necessity of continuing postoperative anticoagu-

lant therapy have not been investigated in detail.

2 | Ventricular tachycardia

The recommendations for surgical ablation of ventricular tachycar-
dia (VT) are shown in Table 79.

From the viewpoint of implementing a life-saving procedure,
surgical ablation of VT is indicated for monomorphic sustained VT
for which pharmacotherapy or catheter ablation is ineffective or
in which frequent VT attacks are not suppressed, or when there is
frequent activation of an implantable cardioverter-defibrillator (ICD)
associated with the above condition, irrespective of whether or not
the patient has underlying heart disease.”>>132¢132% pregperative
and intraoperative endocardial and epicardial mapping for identify-
ing the origin of the tachycardia and the site of the reentrant circuit
is essential, and close collaboration between the physician and sur-
geon is required. The tachycardic origin of VT indicated for surgi-
cal treatment is generally located in the deep myocardium, below
the epicardial adipose tissue, or near the coronary artery, which
cannot be reached by catheter ablation. Myocardial dissection or
cryoablation is performed to ensure full-thickness necrosis at these
sites 1330.1331
Resection and cryoablation of left ventricular endocardium

with white fibrosis are performed, together with left ventricular

Sowmnal of Ctilytlmia

reconstruction and thrombectomy, in VT with heart failure or throm-
boembolism caused by ventricular aneurysm or left ventricular wall
asynergy after myocardial infarction. Even in VT involving the blood
drainage part of a left ventricular assist device, the boundary be-
tween the scar and the normal myocardium is considered an arrhyth-
mic substrate, and cryoablation is performed on this area, 13821335
In VT associated with cardiac tumors, it has been reported that
VT attacks are suppressed by surgical treatment, including tumor

resection.1336-1338

VI | RETURNING TO/ATTENDING
SCHOOL OR WORK AFTER NON-
PHARMACOTHERAPY

1 | Cardiac implantable electronic devices
1.1 | Attending school after CIED implantation

Pediatric patients with a cardiac implantable electronic device
(CIED) have underlying arrhythmias and heart disease, and the
severity of heart failure determines their school attendance. In
general, patients with New York Heart Association cardiac func-
tion class | can enroll in school, those with class Il have restricted
enrollment, and those with class Ill or higher experience difficul-
ties in school. Physical education, exercise, and extracurricular
lessons are managed using the School Activity Management tables
(Tables 80-82).1%%7 When permitting exercise, caution is needed
for activities involving impact of devices with body parts, includ-
ing the chest and abdomen (ball sports and contact sport), and
activities in which lead overextension is a concern (tennis, swim-
ming). There have been reports of incomplete or complete discon-
nection of transvenous leads due to body growth. Although there
are reports showing that psychological factors such as anxiety and
depression are more pertinent to the QOL of children wearing an

ICD than the severity of the underlying heart disease, particularly

TABLE 79 Recommendations and evidence levels for surgical ablation of VT

GOR LOE
COR LOE (MINDS) (MINDS)
In patients with recurrent sustained monomorphic VT or frequent ICD therapies for whom C V
antiarrhythmic medications are ineffective or for whom catheter ablation is not successful,
surgical ablation is recommended
For patients with sustained monomorphic VT after Ml who have heart failure or lla C V
thromboembolism associated with LV aneurysm or asynergy, surgical ablation should be
considered
For patients with sustained monomorphic VT after M, surgical ablation may be considered 1b C V
For patients with sustained monomorphic VT originating from the insertion site of LVAD, 1b C IVb
surgical ablation may be considered
For patients with sustained monomorphic VT associated with cardiac tumors, surgical 18] C \%

ablation may be reasonable

Abbreviations: COR, class of recommendation; GOR, grade of recommendation; ICD, implantable cardioverter-defibrillator; LOE, level of evidence;

MI, myocardial infarction; VT, ventricular tachycardia.
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TABLE 80 School activity management table

Categories of allowable intensity of exercise and daily activities:

“No management required” or “Management required,” rated from
AtoE.

The categories A-E are defined as follows:
A: Requires treatment at home or in the hospital
B: Able to go to school but must avoid exercise
C: Able to do mild-intensity exercise for average students of the
same age

D: Able to do moderate-intensity exercise for average students of
the same age

E: Able to do vigorous-intensity exercise for average students of
the same age
(a) Mild exercise

Physical activities that do not cause panting for breath in average
students of the same age (eg, ball sports without footwork).
Resistance (isometric) exercise is not defined as mild exercise

(b) Moderate exercise

Physical activities that may cause shortness of breath in average
students of the same age, that may allow talking easily during
exercise, and that have no close body contact. Moderate exercise
includes resistance (isometric) exercise without full-strength effort

(c) Intense exercise
Physical activities that cause shortness of breath in average
students of the same age. Intense exercise includes isometric

exercise associated with teeth clenching, shouting, facial
redness during and after movement, and rapid breathing

The instruction consists of a code for the allowable intensity of exercise
and daily activities, as well as a guide for school sports club activity
(allowed or prohibited), for example, “D-prohibited (moderate exercise
is allowed but school sport club activity is prohibited)” and “E-allowed
(intense exercise and school sport club activity are allowed).”

From Japan Society of School Health.}344

problems involving immaturity and psychology specific to ado-

lescents,1340

other reports suggest that ICD activation does not
affect QOL.2**! School teachers may have a poor understanding
of underlying heart diseases and devices; thus, it is important to
ensure cooperation among the child (home), teacher, school nurse,
school doctor, and attending physician.t3421343

If the cardiac function is normal in patients with a pacemaker, the
School Activity Management Table (Table 80)'%%? suggests that the
child can be managed with the E-allowed criterion (Table 80 Note).
The presence of a pacemaker and complete atrioventricular block re-
lated to an atrioventricular septal defect are associated with subclin-
ical heart failure, and children with these conditions require the D
or E-prohibited management criterion (Table 80 Note). For patients
with implants after surgery for congenital heart disease, exercise re-
strictions are based on individual circumstances. The management
criteria are B or C for patients with heart failure, and D or E for pa-
tients without heart failure.

Many patients with ICD have long QT syndrome or cate-

cholaminergic polymorphic VT, and often have normal cardiac

function and are able to commute to school. In these patients,
torsade de pointes and ventricular fibrillation may be induced by
exercise and an increase in sympathetic tone, which pose a risk
of ICD-induced dimmed vision and syncope. Therefore, these
children should not be allowed to commute to school alone, and
it is necessary to limit activities such as riding a bicycle to school
and exercising. The management criteria are C or D. Swimming,
in particular, is generally prohibited; however, swimming may be
permitted, always under supervision, according to the C and D
criteria, 13441345

Many patients with cardiac resynchronization therapy have
heart failure conditions such as dilated cardiomyopathy, and some
patients may find it difficult to go up and down stairs. If the com-
mute to school is beyond the cardiac function of the child, going
to school by bus, train or private car is recommended. Exercise
is generally difficult and therefore prohibited in severe cases, al-
though certain exercises may be allowed depending on the degree
of heart failure. In patients with arrhythmogenic right ventricu-
lar cardiomyopathy, it should be noted that movement exacer-
bates the lesion and worsens both arrhythmia and right heart

failure 1346,1347

1.2 | Working and driving after CIED implantation

For patients with a CIED who are returning to work, it is necessary
to provide employment guidance that considers 4 points in terms of
health and safety management after the return to work. These are

described below.

1.2.1 | Driving restrictions (particularly for patients with an ICD)

According to the Road Traffic Law in Japan, if a patient with an
implanted pacemaker has improved syncope symptoms, driving
is generally permitted and submission of a medical certificate to
the Public Safety Commission is not required. In addition, compa-
nies often make their own decisions about occupational driving by
patients with a pacemaker (eg, bus drivers, taxi drivers, drivers of
transportation companies, etc), taking into account their physical/
cardiac disability. Working as an aircraft pilot or a train driver is con-
sidered impossible because such patients would not meet the ap-
plicable standards of the Civil Aeronautics Act (Aviation Physical
Examination Standards) and the Ministerial Ordinance on Motorized
Vehicle Driver License (Ministry of Land, Infrastructure, Transport,
and Tourism Ordinance). However, although persons with an ICD are
generally prohibited from private driving, those with a medical cer-
tificate stating that driving need not be restricted may be allowed to
drive by the Public Safety Commission. Commuting and driving on
duty can be problematic. A joint statement has been issued by the
relevant academic societies with respect to the driving restriction
periods for these patients (Table 83).**® Patients with an ICD are
prohibited from professional driving or from obtaining class 2 driver

license.
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TABLE 83 Driving restriction periods for patients with an ICD

ICD Driving restriction period
New implantation 7 days

(primary prevention)

New implantation 6 months

(secondary prevention)

Post-appropriate therapy 3 months

No restriction
if no loss of consciousness

Post-inappropriate therapy

Generator replacement 7 days

Lead replacement 7 days

Abbreviation: ICD, implantable cardioverter-defibrillator. (Modified
from Watanabe et al, 2017.1349)

1.2.2 | Problems caused by the work environment

Patients with a CIED encounter problems caused by the work environ-
ment, including physical and mental burden (eg, electromagnetic inter-
ference in the workplace and difficulties related to shift work), as well
as occupational accidents caused by loss of consciousness due to ICD
activation (when working in high places, handling dangerous materials,
etc). An electromagnetic environmental survey of the workplace is re-
quired if there is a possibility of electromagnetic interference. In addi-
tion, patients must be instructed to avoid work that adds physical load

to the CIED (especially transvenous leads), as much as possible.'**

1.2.3 | Workplace (employer) factors

Companies (employers) have an obligation to ensure worker safety
(health) under the Industrial Safety and Health Law (Article 1) and
the Labor Contracts Law (Article 5). The workplace should be ar-
ranged in line with the health status of the workers (including re-
arrangement of the workplace, if needed), in consultation with an
industrial physician, and instructions should be provided for the re-

quired management to ensure overall safety.

1.2.4 | Psychosocial factors for patients

Workers with a CIED can experience anxiety about their own health
and psychosocial problems related to their cardiac disability. These
patients also need to regularly visit medical institutions after hos-
pital discharge, which requires understanding from the workplace.
The Handicapped Persons’ Employment Promotion Act, which was
designed to promote active social participation among persons with
disabilities, has established a statutory employment rate of persons
with disabilities for private companies and national/local govern-
ments with >45 employees (22.2% and 22.5%, respectively, from
April 2018). Private companies that do not meet this target have
payment penalties imposed.

The attending physician of a patient with a CIED who is working
or is returning to work must share information with the industrial
physician (health supervisor) at the company, and provide support
for the patient with respect to balancing work and health (work sup-
port from the company or industrial physician and medical support

from medical institutions).

Sowwnal of O%z/?y[/f/lufm_wl LEYJE

2 | Catheter ablation
2.1 | Attending school after catheter ablation

Most pediatric patients have normal cardiac function without any
structural heart disease after catheter ablation. With successful ab-
lation treatment, there are generally no restrictions on school en-
rollment. However, determining whether patients with a structural
heart disease (ie, dilated cardiomyopathy or hypertrophic cardio-
myopathy) after surgery for congenital heart disease, or those who
have undergone catheter ablation therapy for arrhythmia, can at-
tend school depends on the degree of heart failure or the underly-
ing disease. Some patients may have problems with cardiac function
after a successful catheter ablation, and these patients may be able
to attend school without problems. In patients with cyanotic heart
diseases, catheter ablation is performed for tetralogy of Fallot, for
complete transposition of the great arteries, and after the Fontan
procedure. The ability to attend school depends on the severity of
the underlying disorder or heart failure. Table 84 shows the school
activity management guidance categories for such diseases.’*¥
Whether patients with cardiomyopathy that requires catheter ab-
lation can attend school is determined by the severity of the underlying
disease or heart failure. In many cases, it is possible to attend classes
in school, with exercise restriction. Table 85 shows the school activity

management guidance categories for the major cardiomyopathies.’*¥

2.2 | Working after catheter ablation

With respect to employment-related concerns after catheter abla-
tion, recurrence cannot be ruled out in patients with life-threatening
arrhythmia with low cardiac function or underlying heart disease;
thus, it is desirable to handle each case based on the individual cir-
cumstances of the patient with an ICD. However, catheter ablation
has avery high cure rate for many supraventricular tachyarrhythmias,
including paroxysmal supraventricular tachycardia, as well as for pre-
mature ventricular contraction and VT without underlying heart dis-
ease, and the recurrence rate has been shown to be low. Therefore,
after ablation in a patient with supraventricular arrhythmias or ven-
tricular arrhythmia in whom cardiac function is maintained without
underlying cardiac disease, there should be no impediment to em-
ployment other than in special occupations, provided there are no
recurrent symptoms such as palpitations or syncope in subsequent
follow-up, or any findings suggestive of recurrence based on various
tests, including ECG. In addition, no special employment regulations
are applied to patients who have undergone AF ablation surgery if
there is no recurrence of AF during regular postoperative follow-up.
However, in patients with certain types of occupations (those that
could endanger human life, including that of others and self, or those
involving special working environments), such as professional driv-
ers of public transport vehicles, an arrhythmia attack may lead to
serious (life-threatening) accidents. It is not always possible to judge

whether a person is fit to work from a medical perspective alone,
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TABLE 84 Conditions and management categories of exercise for patients with right-to-left shunt heart disease

Heart disease

Tetralogy of
Fallot

Complete
transposition
of the great
arteries

Functional single
ventricle (after
the Fontan
procedure)

Conditions

Asymptomatic; none or mild pulmonary valve regurgitation/tricuspid valve regurgitation;
none to moderate right ventricular enlargement with intact right ventricular systolic
function; normal or slightly increased right ventricular pressure; intact left ventricular
systolic function; and no induction of tachyarrhythmia during exercise

Asymptomatic but significant pulmonary valve regurgitation/tricuspid valve regurgitation/
right ventricular enlargement; or significant right ventricular outflow tract stenosis with
an increase in right ventricular pressure and a right/left systolic pressure ratio < 50%; or
tachyarrhythmia controlled with drug therapy or catheter ablation

Symptomatic, mild to moderate decrease in exercise capacity, moderate or severe
pulmonary valve regurgitation and right ventricular enlargement; moderate or severe
right ventricular outflow tract stenosis with a right/left systolic pressure ratio > 50%
(270% if left ventricular dysfunction is present); or exercise-induced tachyarrhythmia not
controllable with any treatment

Asymptomatic, good exercise capacity, no residual abnormality with good right and left
ventricular function, and no induction of tachycardia during exercise

Asymptomatic, mild residual abnormality (eg, small ventricular septal defect, mild stenosis/
regurgitation of new aortic/pulmonary valves, or mild arrhythmia such as isolated
extrasystoles), and no abnormal ECG findings during exercise

Significant residual abnormality (right ventricular outflow tract stenosis = 30 mmHg,
significant regurgitation of new aortic valves), significant left/right ventricular hypertrophy,
left/right ventricular dysfunction, or tachyarrhythmia

Moderate or severe right ventricular outflow tract/pulmonary artery stenosis with a right/
left ventricular systolic pressure ratio of > 50%, moderate or severe new aortic valve
regurgitation, or induction of tachyarrhythmia or ST depression during exercise ECG

The patient should be assessed comprehensively for arrhythmia, ventricular function, valve
function, oxygen saturation and exercise capacity, and should be allowed to participate in
daily physical activities and physical education to a certain extent, under circumstances
where the patient can take a rest whenever necessary

From JCS guideline, 2013.5%
[Correction added on 29 June, after first online publication: 'C-prohibited or D-prohibited' and 'B, C or D-prohibited' under 'Management category'
have been amended to 'C or D' and 'B, C or D' respectively.]

TABLE 85 Conditions and management categories of exercise
for patients with cardiomyopathies

Management category

E-allowed

D,
E-prohibited, or
E-allowed

CorD

E-allowed

E-prohibited or
E-allowed

D or
E-prohibited

B, CorD

B,C,Dor

E-prohibited,

in some cases

E-allowed

(adjust intensity individually)

(such as pilots and train drivers) may be determined in accordance
with laws and regulations. Therefore, it is essential to ask patients
about their specific occupation before surgery.*3*21347 Careful con-
sideration should also be given to preventive ablation therapy for
asymptomatic WPW syndrome on ECG, as it may affect subsequent

1. Tsutsui H, Isobe M, Ito H, Okumura K, Ono M, Kitakaze M,

et al. Japanese Circulation Society and the Japanese Heart Failure
Society Joint Working Group. JCS 2017/JHFS 2017 Guideline on
diagnosis and treatment of acute and chronic heart failure: Digest

Management
Heart disease Conditions category
Hypertrophic Asymptomatic D
i employment in some cases.
cardiomyopathy Those with chest pain, BorC ploy
syncope or other
symptoms, and those with REFERENCES
obstructive cardiomyopathy
High-risk children A,BorC
Dilated Asymptomatic D
cardiomyopathy sy mptomatic c version. Circ J. 2019;83:2084-184.
Arrhythmogenic Exercise is contraindicated C

right ventricular
cardiomyopathy

From JCS guideline, 2013.1%%

even after catheter ablation for arrhythmias with a high cure rate.
Therefore, cases should be handled on an individual basis, taking into
account the opinion of industrial physicians and other authorities.

In Japan, proper placement of drivers of public transport vehicles
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