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Preface

Atrial fibrillation (AF) continues to remain a challenge to both clinical cardiologists
and electrophysiology specialists alike.  It is the most common type of arrhythmia
in Europe and the United States. Advances in the 21st century have brought about
new treatment and diagnostic tools that have provided solutions and explanations
for numerous problems plaguing early AF management. However, although the
optimal management of this highly prevalent arrhythmia has greatly advanced, 
many challenges are still notable in the wide spectrum of the disease.

Numerous populations encounter atrial fibrillation in their daily lives, with both
the elderly and the pediatric population having their own obstacles for optimal 
management of this arrhythmia. Apart from traditional echocardiographic methods
of identifying patients at risk for persistent AF, there are now new methods for
traditional cardiac ultrasonography as well as newer modalities that will enable
better prognostication and identification of subtypes that will benefit from various
AF treatment strategies. Furthermore, with the advent of newer anti-arrhythmic
medications and methods of ablation and stroke prevention, the goals of AF 
treatment have now become easier to achieve—but not without their own share of
side effects and adverse events.

The book is divided into two self-contained and distinct parts: the first on the
epidemiology of AF and the second on the treatment of this disease. The chapters
are well structured, following a logical description, from the epidemiology of the
disease, as mentioned before, and continuing with different options of treatment: 
anticoagulants, antiarrhythmic drugs, catheter ablation, and surgery. The technical 
information is accompanied by figures or explanatory tables that summarize the
information from the text.

Dr. Mitchell Andrew together with his team from Jersey opens the book with a
chapter on the prevalence of AF and use of digital technologies to assess the real 
burden of the disease.  Alive Cor, Omron HeartScan, Zio Patch, RhythmPad, 
InstantChek, and Zenocire EKG are some of the devices used to detect AF, 
increasing the value of classical methods used for AF detection.  These devices will 
help us see the true face of this widespread arrhythmia in the general population. 
After the epidemiology of AF is presented, anticoagulation is discussed in the
following two chapters: for both the general population and the elderly. Jo Ann
LeQuang and her coauthors first define valvular and non-valvular AF using 
excellent tables that gather information from different European, American, 
Canadian, Australian, and New Zealand guidelines as well as studies published 
by experts in the field. After presenting the thromboembolic and bleeding scores, 
the authors of the chapter describe both antivitamin K and non-antivitamin K 
anticoagulants. The new oral anticoagulants are presented extensively, using studies
on the safety and efficacy of drugs compared to classical antivitamin K. Finally, 
the authors offer an approach to choose between different anticoagulants based 
on clinical and lab data. In the following chapter, Petidier Roberto, together with
his coauthors from Madrid, Spain,  addresses the problems of anticoagulation in
a particular category of patients, namely elderly, frail patients.  Polymedicines, 
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XIV

interactions of different drugs with oral anticoagulants, cognitive and nutritional 
status, low mobilization due to osteoarticular diseases, swallowing and other 
digestive problems, cancer, renal failure, and the history of bleeding are delineated 
by the authors as they are the problems of the third age. All these issues make 
anticoagulant treatment in the elderly a real challenge, which must be resolved 
patiently to prevent bleeding or thromboembolic events.

In the fourth chapter, on antiarrhythmic therapy, Simovic Stefan and his coauthors 
from Serbia describe two approaches for AF: rhythm control and rate control. They 
then outline each class of antiarrhythmic drug, starting with class I: flecainide 
and propafenone, class II: betablockers, class III: sotalol, dofetilide, amiodarone, 
and dronedarone; and ending with new classes of antiarrhythmic drugs, namely 
vernakalant. The authors also show in a table doses of the drugs, indications, side 
effects, and mechanisms of action.

In the fifth chapter, Szegedi Nándor with his coauthors from Budapest, Hungary, 
present the catheter ablation technique for the cure of AF. They start with 
pulmonary vein isolation for  paroxysmal AF, and the techniques that are used 
today:  cryoablation and radiofrequency application with the latest technology 
available—ablation catheters with pressure sensors and the ablation index to avoid 
overheating and perforation of the left atrial wall. For persistent AF, the authors 
present the substrate modification approach associated with pulmonary vein 
isolation.

In the last chapter, Ohri Sunil and his coauthors from Southampton present the 
surgical treatment of AF. The authors start with a history of the surgical treatment: 
left atrial isolation, corridor operation, and atrial transection, techniques that had 
low success rates and were subsequently replaced by MAZE I, MAZE II, MAZE III, 
and MAZE IV procedures. Furthermore, they describe other energy sources besides 
the “cut and sew” technique, such as cryoablation and radiofrequency ablation, 
microwave, laser, and ultrasound. At the end of their chapter they present evidence 
from the medical literature on the success rate and safety of the surgical procedures 
as well as studies comparing the surgical approach with the catheter ablation 
approach.

On behalf of all authors of this book, we hope that this will serve as a guide to the 
current body of knowledge on the epidemiology, diagnosis, and treatment of this 
common arrhythmia and, perhaps, in turn inspire young cardiologists to pursue 
ambitious careers in electrophysiology.

Dr. Gabriel Cismaru 
EP lab of the Rehabilitation Hospital Cluj-Napoca,

Romania

Dr. Keith Andrew Chan 
Chief Adult Cardiology Fellow,

Chong Hua Hospital,
Cebu City, Philippines
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Chapter 1

Screening for Atrial Fibrillation
and the Role of Digital Health
Technologies
Edward Richardson, Angela Hall and Andrew R.J. Mitchell

Abstract

Atrial fibrillation is the commonest clinical arrhythmia and a leading cause of
hospital admission, morbidity and mortality. New digital health technologies are
now allowing patients and the general population to identify heart rhythm abnor-
malities before any encounter with a medical professional. This chapter will include
an overview of the prevalence of atrial fibrillation and explore the current recom-
mendations on methods for arrhythmia screening. We discuss different risk factors
as well as physiological and structural markers for atrial fibrillation onset. We
explore in detail the application of novel digital health technologies such as wear-
ables, watches and mobile devices which may have an impact on screening detec-
tion rates. The article concludes with a discussion about how to manage patients
with screen detected atrial fibrillation.

Keywords: atrial fibrillation, screening, digital health, wearables, arrhythmia,
technology, cardiology, ECG, apple watch, Alivecor, Kardia, Omron HeartScan,
Zenicor ECG, Miniscope, Reka e100, Zio Patch, guidelines, Holter monitor,
ambulatory ECG, patient centred care, artificial intelligence, iPhone, android,
apple, stroke, photoplethysmography

1. Introduction

Atrial fibrillation (AF) is increasing in prevalence with a lifetime risk of one in
four people developing this common arrhythmia [1]. Its detection is of rising
importance as it is a leading cause of mortality and morbidity. A recent meta-
analysis showed a person with AF had an increased risk of all-cause mortality by
46%, of ischaemic heart disease by 61%, of chronic kidney disease by 64%, a 96%
higher risk of a major cardiovascular event, and an 88% higher risk of sudden
cardiac death. Furthermore, it more than doubled the risk of stroke and increased
the risk of congestive heart failure fivefold [2]. Whilst the mechanism behind
some of these are unknown, the identification of AF can be used to help reduce
the risk of several of the complications, by starting anticoagulation for example.
Often persons with AF can be asymptomatic and therefore it may be detected
late, such as after a stroke. Around 10% of all ischaemic strokes are associated
with a new diagnosis of AF and it is present in around a quarter of all patients
with stroke. Screening for AF has received significant focus with a dedicated
collaboration established in 2016 called AF Screen. Their aim it is to promote
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discussion and research about unknown or untreated AF, as a means to reduce
stroke and associated mortality [3, 4].

2. Screening

Screening for AF has received considerable attention due to the increasing
numbers of patients with the arrhythmia and projections for further increases over
the coming years [5]. A variety of screening methods exist from a manual pulse
check to the use of novel digital screening tools [3, 6].

Public health screening has increased dramatically over the last few decades
through a need and desire to address the growing burden of disease [7]. This
exponential growth has been partly achievable through innovations in digital tech-
nology and an enhanced ability to detect a growing number of conditions. The
rationale for screening is straightforward: detecting disease in its infancy and
treating to reduce morbidity, mortality and associated healthcare and societal costs
[8]. A paradigm shift has resulted in a more proactive approach whereby early
detection of disease has renewed importance over the confines of diagnosis of
clinically overt disease. Putting this into context, up to two-thirds of people with AF
report that it disrupts their lives [9]. Medical attention may be sought early on, but
it is not uncommon for the symptoms of AF to go unnoticed until there is decom-
pensation. If AF is of the paroxysmal nature, it may go undetected unless the
practitioner has the insight to investigate symptoms suggestive of an arrhythmia.
However, AF can be silent, in other words exhibit no symptoms even in the
persistent form and the first diagnosis may not be until there are signs of
haemodynamic compromise. Unfortunately it is not uncommon for AF to also be
detected when the patient presents with a thromboembolic complication such
as stroke [3, 4, 10, 11].

The World Health Organisation lists criteria that should be considered when
implementing screening of disease (Table 1) [12]. The criteria states that the con-
dition should be an important health problem with accepted treatment. While this
work is nearly 50 years old, little has changed in screening criteria. More recent
updates suggest consideration of economic implications, quality assurance and
informed choice alongside equity and access of screening to the entire target popu-
lation [7]. This is an important consideration and one yet to achieve consensus in
terms of AF screening [13].

Screening approaches vary and include opportunistic, and systematic that can be
broken down to targeted, population and mass screening. There remains a lack of
consensus regarding the optimal method with a range of studies exploring and
evaluating AF screening, with some studies choosing opportunistic, some

1.The condition should be an important health problem.
2.There should be a treatment for the condition.
3. Facilities for diagnosis and treatment should be available.
4.There should be a latent stage of the disease.
5.There should be a test or examination for the condition.
6.The test should be acceptable to the population.
7.The natural history of the disease should be adequately understood.
8.There should be an agreed policy on whom to treat.
9.The total cost of finding a case should be economically balanced in relation to medical
expenditure.

10.Case-finding should be a continuous process, not just a “once and for all” project.

Table 1.
Principles and practice of screening for disease [12].
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systematic, and others both. In all studies, older age groups are frequently targeted
due to perceived cost effectiveness and anticipated positive findings. However,
targeting the younger population may help address contributory lifestyle factors,
reducing complications that may result. In addition to age, high risk patient groups
are further targets for screening. Hypertension, diabetes and heart failure are com-
monly cited as chronic disease populations at higher risk of cardiovascular
complications [11, 14]. As such, these patient groups have often been selected in
targeted screening programmes [15–19].

Whilst the European Society of Cardiology guidelines do recommend screening
asymptomatic patients for AF, the NICE and the UK National Screening Committee
guidance does not [10, 20, 21]. The rationale is the lack of evidence to support it
benefiting those identified by screening. This recommendation is currently under
review. There are increasing numbers of studies that suggest benefit in screening.
A paper in 2014 using the data from the 2004 SAFE trial, showed that of the 78–83%
of those identified in the screening for AF were eligible for anticoagulation [22, 23].
Whilst there have been further papers on the cost-effectiveness of screening in AF,
unfortunately several of these have continued to rely on the data from the SAFE
trial [24]. An ongoing major issue is that few studies have been able to prove better
health outcomes from those asymptomatic adults that were screened [25, 26]. This
is at least partially due to the difficulty in proving an intervention has prevented a
stroke. As such and on the recommendations of collaborations such as AF-SCREEN
and the European Society of Cardiology several charities now conduct some level of
screening, with most suggesting a simple pulse check [4, 27].

3. Wearable technologies

Digital health technologies have revolutionised health screening, not least within
cardiology [28]. Traditional ambulatory Holter monitors (HM) connected by elec-
trodes to the precordium, are still used regularly but have limitations. They can be
used for varying lengths of time but can be inconvenient and require laborious
analysis. The time and duration of wear may also be incongruent with symptoms
and therefore ineffectual [29]. Modern applications can now be utilised through
technological advancements, which can enable more ad-hoc monitoring. These vary
from new devices to applications on mobile phones. These options can offer more
advanced screening with enhanced specificity and sensitivity [29–32].

There are increasing numbers of new technologies being developed that can be
used in the screening of AF. We will discuss some of the more well-known options
however there will be a focus on the devices where there are published studies that
demonstrate their efficacy and diagnostic accuracy. Unfortunately, there are few
studies that compare results across the different devices, however, where there is
sufficient evidence then we shall try and compare the technologies.

The majority of devices use a single lead, normally analogous to lead I. They do
this by providing two electrodes to capture electrical signals from the fingers,
thumb, wrist, or palm of each hand [33]. One of the best known is the AliveCor. It
has been used in clinical practice since 2011 and there is a plethora of research
where AliveCor, or Kardia as it has been more recently branded, has been the tool of
choice. The AliveCor has demonstrated high sensitivity and specificity in screening
studies and is U.S. Food and Drug Association (FDA) as well as Conformité
Européenne (CE) approved [16, 31, 32, 34, 35]. This device creates a single lead, by
providing two electrodes for 2 or more fingers of each hand. The data generated is
wirelessly transmitted to a smart phone and produces a tracing. The application will
notify the user if the tracing is normal or AF. The information can be securely sent
to an encrypted AliveCor cloud server or a healthcare professional. The presence
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of an enhanced filter provides a much smoother tracing. Studies also suggest that
even elderly patients found the device easy to use and that it did not restrict
activities or cause anxiety [16, 33, 36]. It has been shown to be more likely to
diagnose a symptomatic underlying rhythm than an HM [37]. Limiting factors
include requiring access to a smartphone and not being recommended for use in
children, or those with implanted electronic devices [33, 36].

The Omron HeartScan is another single lead device, similar to the AliveCor.
However, with the HeartScan one of the electrodes on the device can also be placed
on the chest. It is a stand-alone device so does not require a smart phone, but it is
more expensive. There is evidence to suggest that like the AliveCor, it is more likely
to successfully diagnose AF, especially if symptomatic, than an HM [33, 38–40].

There are some single lead devices such as the Zio Patch, which aim to provide
more continuous monitoring. The Zio Patch is a single use water-resistant adhesive
patch similar to a traditional HM but with a few advantages. It can record for
longer, 14 days versus 7, and it has no wires, which means it is more discreet and
reduces the interference. It is generally well tolerated and studies suggest it may
have a higher diagnostic yield for arrhythmia [28, 33, 41–45].

Some other single lead devices are targeted more towards screening. One exam-
ple, the RhythmPadGP, is designed around the screening of non-symptomatic indi-
viduals in a general practice (GP) Surgery. As yet there are no studies showing its
efficacy [46]. Another device that is aimed at screening is the Microlife Modified
Blood Pressure (BP) monitor. It screens for AF via the detection of an irregularly
irregular pulse during the inflation of an automatic blood pressure cuff. BP checks
are commonly performed in the primary care setting and increasingly by people in
their own homes; the design of the device monopolises on this. The evidence
suggests it may even be more accurate than a pulse check [19, 47].

AF detecting devices are ever increasing in number and too numerous to detail
here, however, some more well-known examples include: MyDiagnostick, the Reka
e100, Miniscope M3, InstantCheck, AfibAlert, and Zenicore EKG. There are less
studies associated with these but all show merit in their own way [33, 48–52].

Photoplethysmographic (PPG) technology has also shown promise and works in
the same way as a pulse oximeter. Whilst PPG can be more susceptible to move-
ment artefact, [53] they are low cost and widely available commercially including in
the Apple Watch and Fitbit [54–56]. Movement artefact can be reduced with the
intelligent use of accelerometers in the device [53]. The Cardiio Rhythm
smartphone application uses the phone’s camera to detect heart rate. It has been
shown to be comparable to the AliveCor in sensitivity and specificity [34, 57].

The Apple Watch initially used PPG, however the latest iteration, the Apple
Watch 4, now has the ability to perform a single lead ECG. The mechanism is
similar to the other single lead ECG devices. One electrode is incorporated in the
back of the watch and the second in the crown at the side. The user puts one finger
on the crown and is able to obtain an estimation of lead I [56, 58, 59]. Apple are
currently funding a study, called the Apple Heart Study, that aims to demonstrate
the ability of the Apple Watch to detect previously unknown AF by identifying
pulse variability and irregularity. This has the potential to be one of the largest
studies on AF identification, with over 400,000 participants, and therefore should
be highly powered. Conversely, previous studies are relatively small in size. Addi-
tionally, the Apple Heart Study should help provide data for a much wider popula-
tion than previous studies and therefore potentially help appraise the practicalities
of screening large groups [56]. The study has released some preliminary results,
which have indicated the Apple watches over all generations had a 71% positive
predictive value. The data released also showed that 84% of the time during an
irregular pulse notification the patient was in AF [60].
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The Apple Heart Study, alongside the GARMIN AF study [61] are part of many
ongoing projects; a search of clinical trials revealed frequent utilisation of modern
devices within ongoing research projects. The Clinical Trials database exposed 92
trials on a recent search, where screening for AF was the primary outcome [62].
These incorporated an array of screening tools and whilst the majority focused on
targeted populations, this was not exclusive. Similarly, the European Union Trials
Register revealed 80 studies of a comparable nature, highlighting the ongoing
interest in screening for undiagnosed AF [63].

4. Current guidelines

There are multiple different guidelines on the management of AF, in this section
we have summarised the areas relating to screening as well as recommendations
for anticoagulation.

4.1 European guidelines

The European Society of Cardiology (ESC) 2016 guidelines and recommenda-
tions [10] are summarised below with regards to AF screening and stroke
prevention in AF:

1.Screening for AF is recommended:

a. In elderly populations with a suggested age cut off at 65 years on an
opportunistic basis.

b. ECG screening in a more systematic manner may be considered in those
at high risk of stroke or aged over 75 years of age.

c. In Patients with a Transient Ischaemic Attack (TIA) or ischaemic stroke
with a short-term ECG recording followed by ECGmonitoring for at least
72 hours. There is also the suggestion that non-invasive monitors or
implanted loop recorders can also be considered especially in those
patients with cryptogenic stroke.

d. Via Implantable Cardioverter Defibrillators (ICDs) and pacemakers.
These should be interrogated on a regular basis for evidence of atrial high
rate episodes (AHRE). This is because AHRE are associated with an
increased risk of overt AF.

2.Stroke prevention in AF recommendations are:

a. CHA2DS2-VASc Score (Table 2) and if the score is equal to or greater
than 1 for a male or 2 for a female then oral anticoagulation can be
considered. It should also be noted that female sex will only add to the
score if another risk factor is present. Anticoagulation should also be
continued even if the patient has surgical exclusion or occlusion of their
left atrial appendage in at-risk patient groups.

b. Oral anticoagulation is recommended in the form of a Novel Oral
Anticoagulant (NOAC) unless the patient has a mechanical heart valve or
moderate to severe mitral stenosis where a vitamin K antagonist (VKA) is
recommended. NOACs should also be avoided in women planning a
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pregnancy or those that are already pregnant. If a VKA is used then the
target International Normalised Ratio (INR) is 2.0–3.0, unless it is required
to be higher for another comorbidity. Those on VKAs should have their
INRs closely monitored, with the aim to keep the time in the therapeutic
range as high as possible. There is also no requirement for genetic testing
before the initiation of VKAs as these have been evaluated to have little or
no effect on the bleeding risk.

c. Antiplatelet monotherapy is not recommended for the prevention of
stroke in patients with AF irrespective of stroke risk. Combinations of
antiplatelets and oral anticoagulants should be avoided unless there is
another indication for antiplatelet therapy. This is due to the increased
risk of bleeding.

d. In patients with stroke and AF immediate anticoagulation with low
molecular weight heparin or heparin is not recommended

e. Patients with hypertrophic cardiomyopathy (HCM) that develop AF
should have lifelong oral anticoagulation for stroke prevention.

f. Atrial flutter should be treated with ablation of the cavotricuspid isthmus
if antiarrhythmic treatment fails, or as a potential first line treatment
depending on patient preference. Anticoagulation should be treated
under the same guidelines as AF.

g. Oral anticoagulation should be interrupted in patients with severe
ongoing, active bleeding, until resolution of the underlying cause.

h. Bleeding risk scores should be considered before starting anticoagulation
but with the aim of identifying modifiable risk factors than to
recommend the holding of anticoagulants.

4.2 Comparison with American guidelines

The American Heart Association (AHA), American College of Cardiology
(ACC), and Heart Rhythm Society (HRS) Guidelines [64] as of their 2019 update

Risk factor Points

Congestive heart failure—signs or symptoms of or objective evidence of reduced LVEF +1

Hypertension—on BP medication or resting BP >140/90 on a minimum of at least two
occasions

+1

Age greater than or equal to 75 years old +2

Diabetes mellitus—on hypoglycaemic agent or fasting glucose of >7 mmol/l (>125 mg/dl) +1

Previous thromboembolism, including stroke and transient ischaemic attack +2

Vascular disease—including peripheral artery disease, aortic plaque, or previous myocardial
infarction

+1

Age between 65 and 74 years old +1

Female sex +1

Table 2.
CHA2DS2-VASc modified from ESC guidelines [10].
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[65, 66] are similar to the ESC guideline. In fact, the major changes in the 2019
compared to the 2014 guideline bring it closer to the ESC guidance. For example,
the inclusion of Edoxaban as a NOAC.

More relevantly, the AHA/ACC/HRS guideline moved from referring to
“nonvalvular AF” as the exclusion criteria for the CHA2DS2-VASc Score to using the
narrower criteria of moderate to severe mitral stenosis or a mechanical heart valve. It
is also the exclusion criteria for NOACs, as VKA should be used in these patients. This
more closely aligns with the ESC guideline. The AHA/ACC/HRS guideline has also
changed the classification for women within the CHA2DS2-VASc Score; female sex
now confers no points if it is the lone risk factor. Both have the same scoring cut-offs
for anticoagulation, they also both recommend NOACs over VKAs, in those eligible
and similarly do not recommend aspirin in those with low CHA2DS2-VASc Score.

However, whilst the ESC guidance does recommend some opportunistic screen-
ing as a class I recommendation with level B evidence, the AHA/ACC/HRS guide-
lines are less forthcoming. Though the American guidance does suggest monitoring
in those with cryptogenic stroke including the use of implantable cardiac monitors,
such as loop recorders, it does not comment on more generalised screening. Both
guidelines recommend interrogating the recordings of those with ICDs or pace-
makers for the presence of AHREs, prompting further investigation for AF. The
ESC guidance takes this further and acknowledges the recent studies demonstrating
the possibilities for a more generalised approach and even recognises the potential
role for the new devices mentioned above [10, 51, 64–66].

4.3 Screening after stroke

AF Screening after an ischaemic stroke or TIA is commented on in the ESC
guidelines where it recognises how commonly AF is detected in stroke survivors. As
mentioned above, not only does it recommend monitoring patients for at least
72 hours it also states that extensive screening should be considered. It is worth
noting that the guidelines go as far as to recommend implantable loop recorders in
those with “cryptogenic stroke”, where no other cause could be identified, such as
carotid artery stenosis. This is a class IIa recommendation with Level B evidence.

4.4 Guidance on atrial high rate episodes

AHREs are mentioned in both sets of guidelines. The definition of AHREs can
differ but most studies have used a length of greater than 5 minutes as a cut off but
some going for a cut off of 6 minutes [67]. The actual atrial rate chosen also varies
with some citing 175 bpm and others up to 220 bpm [68–70]. The ESC guideline
defines them as lasting 5–6 minutes or greater and a rate faster than 180 bpm [10].
Recent studies have suggested they are quite common with a 30–70% incidence in
those with an implantable device [70, 71]. Whilst it is difficult to adjust for
confounding factors, AHREs are associated with an elevated risk of stroke, death,
and subsequent AF [67]. However, a study in 2017 showed that a temporal rela-
tionship between a stroke and an episode of AHRE was only seen in 15% of those
with an implanted device [71].

Both the ESC and the AHA/ACC/HRS guidelines recommend further investiga-
tion of those patients identified to have AHRE. The AHA/ACC/HRS guideline
mainly recommends further investigation to establish if true AF is present [10, 65].
The ESC guideline echoes this, however, suggests the inclusion of patient prefer-
ence and accepts that rarely anticoagulation may be considered in patients without
documented AF.
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5. Patient centred care and the role of technology

Both the ESC and NICE recommend that patients be involved in the decision
making where possible, as do the AHA/ACC/HRS guidelines to a lesser extent
[10, 21, 64–66]. This can be achieved by simply informing them of the risks
and benefits of different options, and ideally tailoring them to the patient but
advancements in technology means that we may have other ways of
individualising care.

Given the AF detecting technologies above, several papers have suggested this
may be used to enable patients to self-diagnose and manage their own conditions to
a greater or lesser degree depending on the estimated accuracy of the product
[53, 56, 72]. This could coalesce perfectly with certain AF treatment strategies such
as “pill in the pocket” cardioversion. Other ways this could be useful is in judging
the effectiveness of rate or rhythm control in asymptomatic patients [33, 73]. In
symptomatic individuals it may also help guide them on when to seek help [33].
Some tracings may even be able to check for complications from medications,
such as QT interval monitoring on patients receiving anti-arrhythmic drug therapy
[74]. The technology and software in devices such as the Zio patch or Apple watch
could allow rate and rhythm monitoring over a longer period of time than would
normally be possible without a device such as a loop recorder [38, 41, 48].

Furthermore certain devices, such as the AliveCor, HeartScan, or Apple watch,
could be used to capture an ad-hoc single lead ECG for intermittent symptoms [53].
Considering palpitations are a common complaint in primary care and the time
limitations on HMs, these devices could enable patients to obtain a reading for
symptoms that may be longer than a week apart [16, 39, 73, 75]. They have also
been shown to be effective in the paediatric setting [52].

Devices can also be used to provide lifestyle advice, motivation, and educational
messages. These can be linked to a daily ECG tracing such as in the ongoing iHEART
trial [76]. If this concept were to be expanded, personalised health promotion
advice could be provided to patients. This could be extended to providing patients
with reminders to take medication and therefore increase their compliance [10, 77].
It could also provide data to patients and researchers alike to establish what, if
anything, seem to trigger their symptoms, fast ventricular response, or re-initiation
of an episode of AF. Devices could also make it easier to target select groups
and enrol them in further research [78, 79]. Additionally, this could provide
insights into the demographics of AF and help further narrow down any screening
attempts.

While the evidence remains unclear, the level of burden of AF could help dictate
the need for anticoagulation in patients. Data gathered at a population and individ-
ual level could help personalise the requirement for anticoagulation and the risks
thereof [26, 80].

The ESC guidelines recommend the use of technology to support care of patients
with AF for multiple reasons. It increases coherent exchange of information
between the patient and health care professionals. The guidelines also suggest that it
may increase the implementation of evidence-based care, and therefore improve
outcomes, by using adjuncts such as decision support software. This may help
personalise care for each patient, whilst strengthening adherence to guidelines.

Artificial intelligence (AI) may help personalise care further. AI has been
suggested for the diagnosis of AF since the early 1990s [81]. There has even been
suggestion more recently that it can be used to predict when AF will occur up to an
hour before the event in those with non-permanent AF [82, 83]. AI has many more
potential benefits, from helping gather the most useful data on a patient before a
consultation to outpatient monitoring and subsequent prioritisation [36, 84–87].
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Patients appear to be embracing these new technologies. For example, a recent
survey by the Kings Fund [88] showed the majority of people surveyed were willing
to use video consultations with their GP especially for minor ailments. The wear-
ables market is also continuing to increase in size, with International Data Corpo-
ration’s 2017 prediction that the number of wearables sold will almost double by
2021 [89, 90].

There is also an increasing body of evidence that patients having access to their
clinical notes and data increases satisfaction and compliance [91, 92]. There is an
appetite for patient-controlled records and data. The development of applications
such as Apple Health on patients’ devices has helped enable patients to keep track of
everything from their own BP readings to their list of medications and allergies.
Some of these are even more advanced, including GenieMD, which integrate with
telemedicine consultations, check for drug interactions, and remind patients when
to file for a repeat prescription [93]. Patient controlled records would empower
patients and would enable them to take the relevant information with them wher-
ever they go [94–96]. This is not a new concept, it has been used in paper form
within maternity [97] and paediatrics [98] settings for a substantial period of time.
Evidence shows they are effectively used [99]. Furthermore, there is a move to
digitalise both of these [98, 100].

6. Review of the evidence for screening

There are two main types of screening mentioned in the studies, opportunistic
and systematic. The evidence shows that an equivocal number of patients were
identified with either method [22, 23, 26]. This implies that opportunistic screening
is more cost effective [101]. Pulse palpation is an example of this kind of screening
and is the limit recommended by the NICE guidance and even then it is under
certain indications [21]. Unfortunately pulse palpation lacks specificity [102] and
could therefore generate multiple false positives. The novel devices may help
improve this as they have been shown to have a better specificity with most being
above or around 90% and the lowest being 87%, [26] compared to 71% [101] for
pulse palpation alone. Devices can either simulate lead I, use PPG, or BP cuff pulse
detection. They have a good sensitivity and specificity, are generally quite easy to
use, and therefore may increase the accuracy and feasibility. Whilst they may
require further validation with larger studies [33] and more heterogenous
populations, some larger studies have still shown them to be cost effective and
effective in potential screening scenarios.

The type of screening matters, with targeted and opportunistic screening poten-
tially cost-effective or even cost reducing when aimed at higher risk populations.
However, there is limited evidence with regards to the AF detected by these devices
having any effect on clinical outcomes, as these were extrapolated from existing
studies [6, 16, 32, 34, 103–111]. There is no evidence behind anticoagulation of
potentially very short lived runs of AF or AHREs that can be picked up by some
devices. Potential harms have not been studied in great depth, nor the cost of
incidental findings in these studies [25, 26]. Despite this some of these risks can be
mitigated, many devices only simulate one lead or even just pulse pattern, and
therefore reduce the chance of picking up other ECG findings, such as T-wave
inversion, that may then warrant further investigation.

Given the association between stroke and TIA with AF it is sensible and
recommended to include screening in the work up of these patients. Current guide-
lines suggest the use of ILRs and external loop recorders in those with cryptogenic
stroke. The novel devices that provide long term monitoring, rather than short
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5. Patient centred care and the role of technology
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with reminders to take medication and therefore increase their compliance [10, 77].
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anything, seem to trigger their symptoms, fast ventricular response, or re-initiation
of an episode of AF. Devices could also make it easier to target select groups
and enrol them in further research [78, 79]. Additionally, this could provide
insights into the demographics of AF and help further narrow down any screening
attempts.

While the evidence remains unclear, the level of burden of AF could help dictate
the need for anticoagulation in patients. Data gathered at a population and individ-
ual level could help personalise the requirement for anticoagulation and the risks
thereof [26, 80].

The ESC guidelines recommend the use of technology to support care of patients
with AF for multiple reasons. It increases coherent exchange of information
between the patient and health care professionals. The guidelines also suggest that it
may increase the implementation of evidence-based care, and therefore improve
outcomes, by using adjuncts such as decision support software. This may help
personalise care for each patient, whilst strengthening adherence to guidelines.

Artificial intelligence (AI) may help personalise care further. AI has been
suggested for the diagnosis of AF since the early 1990s [81]. There has even been
suggestion more recently that it can be used to predict when AF will occur up to an
hour before the event in those with non-permanent AF [82, 83]. AI has many more
potential benefits, from helping gather the most useful data on a patient before a
consultation to outpatient monitoring and subsequent prioritisation [36, 84–87].
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recommended to include screening in the work up of these patients. Current guide-
lines suggest the use of ILRs and external loop recorders in those with cryptogenic
stroke. The novel devices that provide long term monitoring, rather than short

11

Screening for Atrial Fibrillation and the Role of Digital Health Technologies
DOI: http://dx.doi.org/10.5772/intechopen.88660



tracings, could be highly useful in these instances. They are less cumbersome and
less invasive. The Zio Patch was reported to detect a higher number of arrhythmias
than a traditional HM in one study, however, the longer monitoring period may
account for this [4, 10, 26, 29, 41, 73, 111].

Those patients identified by screening may need to go on and have further ECGs
depending on the method of identification. If the method did not utilise an ECG
lead, then the patient will need to have a confirmatory ECG. Once AF is confirmed
then rate control or anticoagulation would need to be considered via the CHA2DS2-
VASc Score in accordance to the guidelines. In some instances, rhythm control may
also be considered on an elective basis [10, 64, 65].

7. Conclusion

AF is an important, common disease, with an increasing incidence and the
potential for multiple complications. It remains underdiagnosed and could poten-
tially fit the criteria for screening, but the guidelines are divided as to whether this is
recommended or not. There are multiple different novel devices that are designed
to detect for AF, of which several are beginning to acquire a meaningful evidence
base. Such devices might be used to increase the ease and specificity of screening for
AF compared to traditional methods, they may also increase the sensitivity. There
are multiple clinical trials ongoing where screening for AF is the primary outcome,
which should help provide further evidence. However, there still needs to be fur-
ther research before screening wide populations becomes viable. Further studies are
needed comparing the different devices to each other, especially in a screening
capacity. There needs to be further research into what duration of AHREs or AF
increases the risk of stroke, as well as whether screening really does improve clinical
outcomes.
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tracings, could be highly useful in these instances. They are less cumbersome and
less invasive. The Zio Patch was reported to detect a higher number of arrhythmias
than a traditional HM in one study, however, the longer monitoring period may
account for this [4, 10, 26, 29, 41, 73, 111].

Those patients identified by screening may need to go on and have further ECGs
depending on the method of identification. If the method did not utilise an ECG
lead, then the patient will need to have a confirmatory ECG. Once AF is confirmed
then rate control or anticoagulation would need to be considered via the CHA2DS2-
VASc Score in accordance to the guidelines. In some instances, rhythm control may
also be considered on an elective basis [10, 64, 65].

7. Conclusion

AF is an important, common disease, with an increasing incidence and the
potential for multiple complications. It remains underdiagnosed and could poten-
tially fit the criteria for screening, but the guidelines are divided as to whether this is
recommended or not. There are multiple different novel devices that are designed
to detect for AF, of which several are beginning to acquire a meaningful evidence
base. Such devices might be used to increase the ease and specificity of screening for
AF compared to traditional methods, they may also increase the sensitivity. There
are multiple clinical trials ongoing where screening for AF is the primary outcome,
which should help provide further evidence. However, there still needs to be fur-
ther research before screening wide populations becomes viable. Further studies are
needed comparing the different devices to each other, especially in a screening
capacity. There needs to be further research into what duration of AHREs or AF
increases the risk of stroke, as well as whether screening really does improve clinical
outcomes.
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Chapter 2

Anticoagulation in Atrial 
Fibrillation Patients
Peter Magnusson, Joseph V. Pergolizzi Jr, Randall K. Wolf, 
Morten Lamberts and Jo Ann LeQuang

Abstract

Atrial fibrillation (AF) is the most common arrhythmia and may cause thrombo-
embolic events, typically stroke. Advances in pharmacological approaches to antico-
agulation and groundbreaking large randomized controlled trials of non-vitamin K 
antagonist oral anticoagulants (NOACs) have changed the paradigm of anticoagula-
tion therapy. Furthermore, observational studies support the efficacy and safety 
of NOAC. Few studies address the differences among NOACs, but prescriptions 
should be based on a thorough understanding of their pharmacological differences, 
including interactions, side effects, reversibility, and practical approach. In a subset 
of patients with AF, warfarin may still be the preferable option. Consequently, an 
individualized approach to oral anticoagulation is crucial.

Keywords: anticoagulation, apixaban, atrial fibrillation, dabigatran, edoxaban, 
rivaroxaban, vitamin K antagonist, warfarin

1. Introduction: the changing paradigm for anticoagulation

Atrial fibrillation (AF) is a prevalent arrhythmia possessing a well-known 
association with thromboembolic events, especially stroke. In AF, atrial pumping 
ends, and blood tends to pool in the left atrium rather than be pumped into the left 
ventricle. Thrombi can form in the sluggish blood pool in the atrial region known 
as the left atrial appendage (LAA). A typical LAA thrombus can cause stroke or 
peripheral embolism should it break free. Indeed, AF-related strokes tend to be 
more life-threatening than strokes caused by other reasons [1].

Anticoagulation therapy prevents strokes and warfarin; the most commonly 
used vitamin K antagonist (VKA) has been the standard agent used to reduce stroke 
risk in certain AF patients with risk factors since the 1950s [2]. Historically, warfa-
rin has been the drug of choice, but it has often been underused due to its narrow 
risk-benefit interval and the need for frequent monitoring. It is being gradually 
eclipsed by a variety of non-vitamin-K antagonist oral anticoagulants (NOACs) that 
are demonstrating excellent safety and effectiveness without the need for frequent 
monitoring and subsequent dose adjustment.

The availability of several pharmacological approaches to anticoagulation as well 
as a more thorough understanding of risk factors for embolization and bleeding has 
improved patient care but also complicated prescribing choices. The paradigm for 
anticoagulation in AF patients has changed. In addition, there are now options for 
patients that suffer from AF but who, for one reason or another, are unable to take 
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anticoagulants. These patients can often undergo closure of the LAA, the site of the 
majority of the thrombi.

2. Valvular vs. nonvalvular atrial fibrillation

The distinction between valvular and nonvalvular AF is not helpful in terms of 
defining the nature of the arrhythmia, but it may be of value in better defining the 
patient’s risk for thromboembolism and which type of anticoagulation therapy (if 
any) is indicated [3]. AF may be paroxysmal or persistent, for example, or symp-
tomatic or asymptomatic (“silent”). When decisions concerning anticoagulation 
are to be reached, the main factors that may affect prescribing choices are valvular 
versus nonvalvular forms of AF. Moreover, it should be noted that patients with 
nonvalvular AF may have concomitant valvular heart disease.

2.1 Nonvalvular AF

In 2016, the European Society of Cardiology (ESC) defined nonvalvular AF 
as an exclusion of moderate to severe mitral valve stenosis or metallic prosthetic 
heart valves [4]. The American Heart Association (AHA) and American College of 
Cardiology (ACC) went a bit further in the exclusion and stated nonvalvular AF 
was AF not associated with rheumatic mitral stenosis, metallic or bioprosthetic 
heart valves, or mitral valve repair [5]. It has even been stated by experts that 
perhaps the terms “nonvalvular” and “valvular” AF are outmoded and no longer 
useful. See Table 1.

Anticoagulation therapy helps to mitigate the risk of stroke in patients with 
nonvalvular forms of AF [14]. As such, anticoagulation may be indicated for 
patients with nonvalvular AF, but other factors may come into play. Surgery can 
affect the anticoagulation decision, both in terms of whether the AF patient needs 
anticoagulation therapy before and after surgery or just perioperatively for a short 
window of time [6].

2.2 Valvular AF

As seen in Table 1, valvular heart disease encompasses such conditions as mitral 
stenosis, mitral regurgitation, aortic stenosis, and aortic insufficiency. Valvular 
heart disease has an age-dependent prevalence of about 0.7% for 18–44-year-olds 
and 13.3% in patients ≥75 years, and it is considered a risk factor for stroke and 
systemic embolism. Valvular heart disease may coexist with arrhythmias, including 
AF [15]. Prosthetic heart valves are associated with thrombin growth, and heart 
valve surgery may expose the blood pool to mechanical hardware, both of which 
may activate intrinsic coagulation pathways. Valvular AF has been associated with 
platelet activation, which may contribute to further thromboembolic risk [3]. Since 
patients with mechanical heart valves were considered to be at risk for thromboem-
bolism, they should always be prescribed with VKA for anticoagulation as no data 
exist for the use of NOAC in this subgroup [13]. Distinguishing characteristics for 
valvular and nonvalvular heart diseases appear in Table 2.

2.3 Other patient populations

AF is a prevalent condition and occurs in many patient subpopulations that 
merit a short discussion in terms of anticoagulation and AF classification.
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2.3.1 Transcatheter aortic valve procedures

Transcatheter aortic valve replacement (TAVR) is often recommended for 
low-risk patients with severe symptomatic aortic stenosis, but less is elucidated 
about the role of postsurgical anticoagulation therapy in this population [16]. 
TAVR candidates have a 40% rate of pre-existing AF and a further 10% chance of 
developing new-onset AF following TAVR [17]. Most patients discharged follow-
ing TAVR (n = 16,694) are on dual antiplatelet therapy without anticoagulation 
(81.1%) [18].

Society or source Definition of valvular AF Definition of nonvalvular AF

American College of 
Cardiology Expert 
Consensus 2017 [6]

AF associated with rheumatic mitral 
stenosis, a mechanical or bioprosthetic 
heart valve, or mitral valve repair

All AF not associated with 
rheumatic mitral stenosis, a 
mechanical or bioprosthetic 
heart valve, or mitral valve 
repair

American College of Chest 
Physicians 2018 [7]

Moderate to severe mitral stenosis or 
mechanical heart valve

AF not associated with 
moderate to severe mitral 
stenosis or mechanical heart 
valve

Canadian Cardiovascular 
Society 2016 [8]

Rheumatic mitral stenosis, mitral 
valve repair, mechanical or 
bioprosthetic heart valve

AF not associated with 
mitral stenosis, mitral valve 
repair, and mechanical or 
bioprosthetic heart valve

Canadian Cardiovascular 
Society 2018 [9]

Rheumatic mitral stenosis, moderate 
to severe non-rheumatic mitral 
stenosis, or mechanical heart valve

AF not associated with 
rheumatic mitral stenosis, 
moderate to severe non-
rheumatic mitral stenosis, or 
mechanical heart valve

De Caterina, Camm (Expert 
Opinion) 2016 [10]

Proposes the use of “mechanical and 
rheumatic mitral AF” or MARM-AF 
as alternative

AF not associated with 
mechanical and rheumatic 
mitral AF

European Heart Rhythm 
Association and European 
Society of Cardiology 
Working Group on 
Thrombosis 2017 [11]

The term is outdated and should be replaced by a functional Evaluated 
Heartvalves, Rheumatic or Artificial (EHRA) category, based on the 
anticoagulation therapy used. EHRA typically is described as Types 1 and 2
Type 1 is valvular heart disease requiring VKA anticoagulation
Type 2 is valvular heart disease requiring VKA or NOAC therapy

European Society of 
Cardiology 2016 [4]

Avoids the term, preferring “AF 
related to hemodynamically 
significant mitral stenosis or 
prosthetic mechanical heart valves”

AF not related to 
hemodynamically significant 
mitral stenosis or prosthetic 
mechanical heart valves

National Heart Foundation 
of Australia/Cardiac Society 
of Australia and New 
Zealand 2018 [12]

Moderate to severe mitral stenosis or 
mechanical heart valve

AF not associated with 
moderate to severe mitral 
stenosis or mechanical heart 
valve

UMBRIA-Fibrillazione 
Atriale Study (Clinical 
Trial) 2019 [13]

Favors the term Type 2 valvular 
heart disease, defined as moderate to 
severe mitral or aortic regurgitation, 
moderate to severe aortic stenosis, 
or mild mitral stenosis (mitral valve 
areas >2.0 cm2 on echocardiography)

AF not associated with 
moderate to severe mitral or 
aortic regurgitation, moderate 
to severe aortic stenosis, or mild 
mitral stenosis

Table 1. 
The definitions for nonvalvular and valvular AF, which can be crucial to selecting appropriate anticoagulation 
therapy, are blurred and may even be outmoded. Note that some guidelines did not define these terms at all.
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nonvalvular AF may have concomitant valvular heart disease.

2.1 Nonvalvular AF

In 2016, the European Society of Cardiology (ESC) defined nonvalvular AF 
as an exclusion of moderate to severe mitral valve stenosis or metallic prosthetic 
heart valves [4]. The American Heart Association (AHA) and American College of 
Cardiology (ACC) went a bit further in the exclusion and stated nonvalvular AF 
was AF not associated with rheumatic mitral stenosis, metallic or bioprosthetic 
heart valves, or mitral valve repair [5]. It has even been stated by experts that 
perhaps the terms “nonvalvular” and “valvular” AF are outmoded and no longer 
useful. See Table 1.

Anticoagulation therapy helps to mitigate the risk of stroke in patients with 
nonvalvular forms of AF [14]. As such, anticoagulation may be indicated for 
patients with nonvalvular AF, but other factors may come into play. Surgery can 
affect the anticoagulation decision, both in terms of whether the AF patient needs 
anticoagulation therapy before and after surgery or just perioperatively for a short 
window of time [6].

2.2 Valvular AF

As seen in Table 1, valvular heart disease encompasses such conditions as mitral 
stenosis, mitral regurgitation, aortic stenosis, and aortic insufficiency. Valvular 
heart disease has an age-dependent prevalence of about 0.7% for 18–44-year-olds 
and 13.3% in patients ≥75 years, and it is considered a risk factor for stroke and 
systemic embolism. Valvular heart disease may coexist with arrhythmias, including 
AF [15]. Prosthetic heart valves are associated with thrombin growth, and heart 
valve surgery may expose the blood pool to mechanical hardware, both of which 
may activate intrinsic coagulation pathways. Valvular AF has been associated with 
platelet activation, which may contribute to further thromboembolic risk [3]. Since 
patients with mechanical heart valves were considered to be at risk for thromboem-
bolism, they should always be prescribed with VKA for anticoagulation as no data 
exist for the use of NOAC in this subgroup [13]. Distinguishing characteristics for 
valvular and nonvalvular heart diseases appear in Table 2.

2.3 Other patient populations

AF is a prevalent condition and occurs in many patient subpopulations that 
merit a short discussion in terms of anticoagulation and AF classification.
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2.3.1 Transcatheter aortic valve procedures

Transcatheter aortic valve replacement (TAVR) is often recommended for 
low-risk patients with severe symptomatic aortic stenosis, but less is elucidated 
about the role of postsurgical anticoagulation therapy in this population [16]. 
TAVR candidates have a 40% rate of pre-existing AF and a further 10% chance of 
developing new-onset AF following TAVR [17]. Most patients discharged follow-
ing TAVR (n = 16,694) are on dual antiplatelet therapy without anticoagulation 
(81.1%) [18].

Society or source Definition of valvular AF Definition of nonvalvular AF

American College of 
Cardiology Expert 
Consensus 2017 [6]

AF associated with rheumatic mitral 
stenosis, a mechanical or bioprosthetic 
heart valve, or mitral valve repair

All AF not associated with 
rheumatic mitral stenosis, a 
mechanical or bioprosthetic 
heart valve, or mitral valve 
repair

American College of Chest 
Physicians 2018 [7]

Moderate to severe mitral stenosis or 
mechanical heart valve

AF not associated with 
moderate to severe mitral 
stenosis or mechanical heart 
valve

Canadian Cardiovascular 
Society 2016 [8]

Rheumatic mitral stenosis, mitral 
valve repair, mechanical or 
bioprosthetic heart valve

AF not associated with 
mitral stenosis, mitral valve 
repair, and mechanical or 
bioprosthetic heart valve

Canadian Cardiovascular 
Society 2018 [9]

Rheumatic mitral stenosis, moderate 
to severe non-rheumatic mitral 
stenosis, or mechanical heart valve

AF not associated with 
rheumatic mitral stenosis, 
moderate to severe non-
rheumatic mitral stenosis, or 
mechanical heart valve

De Caterina, Camm (Expert 
Opinion) 2016 [10]

Proposes the use of “mechanical and 
rheumatic mitral AF” or MARM-AF 
as alternative

AF not associated with 
mechanical and rheumatic 
mitral AF

European Heart Rhythm 
Association and European 
Society of Cardiology 
Working Group on 
Thrombosis 2017 [11]

The term is outdated and should be replaced by a functional Evaluated 
Heartvalves, Rheumatic or Artificial (EHRA) category, based on the 
anticoagulation therapy used. EHRA typically is described as Types 1 and 2
Type 1 is valvular heart disease requiring VKA anticoagulation
Type 2 is valvular heart disease requiring VKA or NOAC therapy

European Society of 
Cardiology 2016 [4]

Avoids the term, preferring “AF 
related to hemodynamically 
significant mitral stenosis or 
prosthetic mechanical heart valves”

AF not related to 
hemodynamically significant 
mitral stenosis or prosthetic 
mechanical heart valves

National Heart Foundation 
of Australia/Cardiac Society 
of Australia and New 
Zealand 2018 [12]

Moderate to severe mitral stenosis or 
mechanical heart valve

AF not associated with 
moderate to severe mitral 
stenosis or mechanical heart 
valve

UMBRIA-Fibrillazione 
Atriale Study (Clinical 
Trial) 2019 [13]

Favors the term Type 2 valvular 
heart disease, defined as moderate to 
severe mitral or aortic regurgitation, 
moderate to severe aortic stenosis, 
or mild mitral stenosis (mitral valve 
areas >2.0 cm2 on echocardiography)

AF not associated with 
moderate to severe mitral or 
aortic regurgitation, moderate 
to severe aortic stenosis, or mild 
mitral stenosis

Table 1. 
The definitions for nonvalvular and valvular AF, which can be crucial to selecting appropriate anticoagulation 
therapy, are blurred and may even be outmoded. Note that some guidelines did not define these terms at all.
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In a study of 172 patients who underwent TAVR plus a pacemaker implant, 25% 
of the patients developed new-onset AF or atrial flutter over the median follow-up 
period of 15 months. Of these patients, 14.7% had at least an episode of asymptom-
atic AF, which was detected by device diagnostics in the pacemaker but not on their 
electrocardiogram (ECG). The cumulative incidence of stroke in this population 
was 1.4% for patients in normal sinus rhythm compared to 12.5% for new-onset 
AF patients. Patients with obvious AF, detected on ECG, were significantly more 
likely to be given anticoagulation therapy than those with subclinical new-onset AF 
(70% vs. 15%, respectively, p = 0.02) [19]. The rate and characteristics of AF in this 
particular patient population as well as those with new transcatheter aortic valve 
implantation (TAVI) are not extensively studied.

2.3.2 Catheter ablation patients

Patients undergoing catheter ablation for AF typically receive perioperative anti-
coagulation treatment that is discontinued following surgery providing they have 
no other risk factors. In the Role of Coumadin in Preventing Thromboembolism in 
AF Patients Undergoing Catheter Ablation (COMPARE) study, it was shown that 
continuing warfarin for 48 hours after the procedure was associated with fewer 
periprocedural strokes and fewer minor bleeding events compared to bridging 
using low-molecular-weight heparin [20].

Results are mixed in terms of the safety and effectiveness of warfarin versus 
newer agents. In a prospective cohort of 290 AF ablation patients, periprocedural 
administration of dabigatran compared to warfarin was associated with a higher 
rate of thromboembolic events (2.1% vs. 0.0% for dabigatran and warfarin, respec-
tively) and major bleeding complications (6% vs. 1%, p = 0.019) [21]. However, in 
a case-control analysis of 763 patients undergoing radio-frequency AF ablation, 
dabigatran patients had similar anticoagulation effectiveness and safety compared 
to warfarin patients [22]. A meta-analysis of 14 studies on the use of dabigatran vs. 
warfarin for periprocedural anticoagulation in patients undergoing catheter abla-
tion for AF (n = 4782) reported dabigatran patients had a similar incidence of major 
bleeding events and thromboembolic events compared to warfarin patients, and 
both agents were associated overall with low rates of complications [23].

Aspects of heart 
disease

Valvular 
heart 
disease 
Type 1

Valvular 
heart 
disease 
Type 2

Nonvalvular 
AF

Comments

Aortic regurgitation Yes

Aortic stenosis Yes High risk for stroke

Mechanical heart 
valve

Yes High risk for thromboembolism

Mild mitral stenosis Yes

Mitral regurgitation Yes Common form of valvular heart 
disease

Moderate to severe 
aortic stenosis

Yes

Moderate to severe 
mitral stenosis

Yes May be of rheumatic origin

Table 2. 
An overview of distinguishing characteristics for valvular heart disease (Types 1 and 2) versus nonvalvular 
heart disease [13].
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NOACs have been evaluated in patients undergoing catheter ablation for 
AF. In the RE-CIRCUIT, it was shown that uninterrupted dabigatran is associ-
ated with fewer bleeding complications than uninterrupted warfarin in this 
population [24]. The AXAFA-NET 5 trial found that continuous apixaban is 
safe and effective following catheter ablation to treat AF in terms of bleeding, 
stroke, and cognitive function [25]. Uninterrupted rivaroxaban was shown to 
be feasible in this population with event rates similar to that of uninterrupted 
VKA [26].

2.3.3 Cardiac implantable electronic device patients

In some cases, patients on anticoagulation therapy are subsequently indicated 
for implantation of a cardiac implantable electronic device (CIED). In a random-
ized study of patients undergoing implantation of an implantable cardioverter 
defibrillator (ICD), 343 patients were randomized either to undergo bridging to 
heparin during the procedure or to be continued on warfarin. Major thromboem-
bolic complications in this study were rare and similar between groups (the heparin 
patients reported one case of cardiac tamponade and one case of myocardial infarc-
tion, while the warfarin group had one transient ischemic attack). Device pocket 
hematoma of clinical significance occurred in 3.5% of warfarin patients compared 
to 16.0% of heparin patients [27].

2.3.4 Clinically silent AF

The prevalence of asymptomatic or “clinically silent” (subclinical) AF is 
unknown but likely substantial [28]. Clinically silent AF is often captured by device 
diagnostics in CIED patients. In a study of dual-chamber pacemaker patients 
(411 without known AF and 267 with known AF), it was found that at a median 
38 months of follow-up, 30% of those without known AF had silent AF verifi-
able by the pacemaker. Risk factors for silent AF in this study were heart failure 
(p = 0.03) and age > 75 years (p = 0.0002). Sixty-two percent of patients who devel-
oped silent AF (n = 125) were administered with anticoagulation therapy; of those 
with known AF at implant (n = 216), 80% took anticoagulation therapy. The annual 
rate of stroke was 1.9% for patients who developed silent AF postimplant compared 
to 2.1% for those with known AF at implant. Vascular dementia developed in 11.2% 
of those with known AF at implant compared to 6.2% of those who developed silent 
AF postimplant (p = 0.048) [29].

2.3.5 Clinically silent stroke

Silent stroke may be defined as asymptomatic cerebral infarction, which is typi-
cally discovered when brain lesions are found during imaging procedures. Indeed, 
silent stroke is one of the most common incidental findings in brain scans [30]. 
The incidence and prevalence of this condition is not known nor are risk factors, 
although it appears that patients with AF are at elevated risk compared to those 
without this arrhythmia [31, 32]. The role of anticoagulation for patients at risk for 
silent stroke is not clear [30].

3. Risk stratification for thrombosis

The goal of anticoagulation therapy in AF patients is to reduce their risk 
for stroke or systemic embolism. The CHA2DS2-VASc scoring system has been 
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In a study of 172 patients who underwent TAVR plus a pacemaker implant, 25% 
of the patients developed new-onset AF or atrial flutter over the median follow-up 
period of 15 months. Of these patients, 14.7% had at least an episode of asymptom-
atic AF, which was detected by device diagnostics in the pacemaker but not on their 
electrocardiogram (ECG). The cumulative incidence of stroke in this population 
was 1.4% for patients in normal sinus rhythm compared to 12.5% for new-onset 
AF patients. Patients with obvious AF, detected on ECG, were significantly more 
likely to be given anticoagulation therapy than those with subclinical new-onset AF 
(70% vs. 15%, respectively, p = 0.02) [19]. The rate and characteristics of AF in this 
particular patient population as well as those with new transcatheter aortic valve 
implantation (TAVI) are not extensively studied.

2.3.2 Catheter ablation patients

Patients undergoing catheter ablation for AF typically receive perioperative anti-
coagulation treatment that is discontinued following surgery providing they have 
no other risk factors. In the Role of Coumadin in Preventing Thromboembolism in 
AF Patients Undergoing Catheter Ablation (COMPARE) study, it was shown that 
continuing warfarin for 48 hours after the procedure was associated with fewer 
periprocedural strokes and fewer minor bleeding events compared to bridging 
using low-molecular-weight heparin [20].

Results are mixed in terms of the safety and effectiveness of warfarin versus 
newer agents. In a prospective cohort of 290 AF ablation patients, periprocedural 
administration of dabigatran compared to warfarin was associated with a higher 
rate of thromboembolic events (2.1% vs. 0.0% for dabigatran and warfarin, respec-
tively) and major bleeding complications (6% vs. 1%, p = 0.019) [21]. However, in 
a case-control analysis of 763 patients undergoing radio-frequency AF ablation, 
dabigatran patients had similar anticoagulation effectiveness and safety compared 
to warfarin patients [22]. A meta-analysis of 14 studies on the use of dabigatran vs. 
warfarin for periprocedural anticoagulation in patients undergoing catheter abla-
tion for AF (n = 4782) reported dabigatran patients had a similar incidence of major 
bleeding events and thromboembolic events compared to warfarin patients, and 
both agents were associated overall with low rates of complications [23].

Aspects of heart 
disease

Valvular 
heart 
disease 
Type 1

Valvular 
heart 
disease 
Type 2

Nonvalvular 
AF

Comments

Aortic regurgitation Yes

Aortic stenosis Yes High risk for stroke

Mechanical heart 
valve

Yes High risk for thromboembolism

Mild mitral stenosis Yes

Mitral regurgitation Yes Common form of valvular heart 
disease

Moderate to severe 
aortic stenosis

Yes

Moderate to severe 
mitral stenosis

Yes May be of rheumatic origin

Table 2. 
An overview of distinguishing characteristics for valvular heart disease (Types 1 and 2) versus nonvalvular 
heart disease [13].
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NOACs have been evaluated in patients undergoing catheter ablation for 
AF. In the RE-CIRCUIT, it was shown that uninterrupted dabigatran is associ-
ated with fewer bleeding complications than uninterrupted warfarin in this 
population [24]. The AXAFA-NET 5 trial found that continuous apixaban is 
safe and effective following catheter ablation to treat AF in terms of bleeding, 
stroke, and cognitive function [25]. Uninterrupted rivaroxaban was shown to 
be feasible in this population with event rates similar to that of uninterrupted 
VKA [26].

2.3.3 Cardiac implantable electronic device patients

In some cases, patients on anticoagulation therapy are subsequently indicated 
for implantation of a cardiac implantable electronic device (CIED). In a random-
ized study of patients undergoing implantation of an implantable cardioverter 
defibrillator (ICD), 343 patients were randomized either to undergo bridging to 
heparin during the procedure or to be continued on warfarin. Major thromboem-
bolic complications in this study were rare and similar between groups (the heparin 
patients reported one case of cardiac tamponade and one case of myocardial infarc-
tion, while the warfarin group had one transient ischemic attack). Device pocket 
hematoma of clinical significance occurred in 3.5% of warfarin patients compared 
to 16.0% of heparin patients [27].

2.3.4 Clinically silent AF

The prevalence of asymptomatic or “clinically silent” (subclinical) AF is 
unknown but likely substantial [28]. Clinically silent AF is often captured by device 
diagnostics in CIED patients. In a study of dual-chamber pacemaker patients 
(411 without known AF and 267 with known AF), it was found that at a median 
38 months of follow-up, 30% of those without known AF had silent AF verifi-
able by the pacemaker. Risk factors for silent AF in this study were heart failure 
(p = 0.03) and age > 75 years (p = 0.0002). Sixty-two percent of patients who devel-
oped silent AF (n = 125) were administered with anticoagulation therapy; of those 
with known AF at implant (n = 216), 80% took anticoagulation therapy. The annual 
rate of stroke was 1.9% for patients who developed silent AF postimplant compared 
to 2.1% for those with known AF at implant. Vascular dementia developed in 11.2% 
of those with known AF at implant compared to 6.2% of those who developed silent 
AF postimplant (p = 0.048) [29].

2.3.5 Clinically silent stroke

Silent stroke may be defined as asymptomatic cerebral infarction, which is typi-
cally discovered when brain lesions are found during imaging procedures. Indeed, 
silent stroke is one of the most common incidental findings in brain scans [30]. 
The incidence and prevalence of this condition is not known nor are risk factors, 
although it appears that patients with AF are at elevated risk compared to those 
without this arrhythmia [31, 32]. The role of anticoagulation for patients at risk for 
silent stroke is not clear [30].

3. Risk stratification for thrombosis

The goal of anticoagulation therapy in AF patients is to reduce their risk 
for stroke or systemic embolism. The CHA2DS2-VASc scoring system has been 
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developed to calculate the numerous factors that may increase the likelihood 
of thrombus: hypertension, heart failure, older age, diabetes, stroke, transient 
ischemic attack, vascular disease, and female sex [5, 33]. For patients who 
score ≥ 1 on this scoring metric, oral anticoagulation therapy is preferred over 
antiplatelet therapy. However, scoring tools are imperfect. A large retrospective 
review of 140,420 AF patients found the annual rate for ischemic stroke with 
those scoring ≤1 was lower than previously stated (0.1–0.2% for women and 
0.5–0.7% for men) [33]. A retrospective cohort study found that age between 
65 and 74 years was a stronger predictor of stroke compared to the other items 
on the CHA2DS2-VASc scoring system. People in that age bracket had an annual 
stroke risk of 1.78%. By the same token, AF patients <50 years of age had low risk 
(0.53%) [34].

4. Safety issues and bleeding risks

Hemostatic alteration introduces the risk of potentially devastating bleeding, 
typically intracranial hemorrhage [35]. The consequences of a bleeding event are of 
greater clinical importance than the amount of bleeding itself, for instance, a small 
amount of pericardial bleeding following cardiac surgery may have potentially 
life-threatening consequences, while a much larger bleeding event may be clini-
cally manageable. Bleeding is a high-risk situation and is not the subject of clinical 
trials. In fact, most of the evidence about bleeding rates and risks is derived from 
safety reports in clinical trials. Thus, expert consensus often overrides data-driven 
evidence in terms of bleeding risks.

In addition to procedure-related bleeding risks, individual patient factors for 
bleeding must also be taken into account. The HAS-BLED score, based on a survey 
of almost 4000 patients in the Euro Heart Survey on AF, offers a way to create a 
numerical score based on several factors. The acronym encapsulates some of the 
key risks: hypertension, abnormal renal/liver function, stroke, bleeding history or 
predisposition, labile international normalized ratio, elderly (>65 years), and drugs 
and/or alcohol concomitantly [36]. The HAS-BLED has seen a wide adoption, but 
two important points must be considered. Firstly, many risk factors in the HAS-
BLED score are shared with other risk-scoring schemes for calculating the risk of 
thrombosis, e.g., hypertension and stroke. Secondly, a high HAS-BLED score is not 
necessarily indicative that oral anticoagulation should be omitted but may be used 
to select patients in need for regular follow-up.

5. Drug therapies and prescribing options

For over half a century, the anticoagulation regimen for AF was the use of VKA, 
also called coumarins. They included acenocoumarol, phenprocoumon, fluindione, 
and warfarin [37]. Warfarin is by far the most common of these and is the most 
commonly used anticoagulant [38]. These are effective agents, but they have certain 
disadvantages: a narrow therapeutic range, required laboratory monitoring, good 
patient adherence for safety and effectiveness, and certain risks for drug-drug and 
drug-food interactions [39].

The emergence of NOAC drugs has changed the paradigm for anticoagulation 
therapy. These agents have been shown noninferior to warfarin with respect to 
thromboembolism. They may alleviate some of the disadvantages of VKA anti-
coagulation, but some of them do not have reversal agents. A short summary of 
anticoagulants appears in Table 3.
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developed to calculate the numerous factors that may increase the likelihood 
of thrombus: hypertension, heart failure, older age, diabetes, stroke, transient 
ischemic attack, vascular disease, and female sex [5, 33]. For patients who 
score ≥ 1 on this scoring metric, oral anticoagulation therapy is preferred over 
antiplatelet therapy. However, scoring tools are imperfect. A large retrospective 
review of 140,420 AF patients found the annual rate for ischemic stroke with 
those scoring ≤1 was lower than previously stated (0.1–0.2% for women and 
0.5–0.7% for men) [33]. A retrospective cohort study found that age between 
65 and 74 years was a stronger predictor of stroke compared to the other items 
on the CHA2DS2-VASc scoring system. People in that age bracket had an annual 
stroke risk of 1.78%. By the same token, AF patients <50 years of age had low risk 
(0.53%) [34].

4. Safety issues and bleeding risks

Hemostatic alteration introduces the risk of potentially devastating bleeding, 
typically intracranial hemorrhage [35]. The consequences of a bleeding event are of 
greater clinical importance than the amount of bleeding itself, for instance, a small 
amount of pericardial bleeding following cardiac surgery may have potentially 
life-threatening consequences, while a much larger bleeding event may be clini-
cally manageable. Bleeding is a high-risk situation and is not the subject of clinical 
trials. In fact, most of the evidence about bleeding rates and risks is derived from 
safety reports in clinical trials. Thus, expert consensus often overrides data-driven 
evidence in terms of bleeding risks.

In addition to procedure-related bleeding risks, individual patient factors for 
bleeding must also be taken into account. The HAS-BLED score, based on a survey 
of almost 4000 patients in the Euro Heart Survey on AF, offers a way to create a 
numerical score based on several factors. The acronym encapsulates some of the 
key risks: hypertension, abnormal renal/liver function, stroke, bleeding history or 
predisposition, labile international normalized ratio, elderly (>65 years), and drugs 
and/or alcohol concomitantly [36]. The HAS-BLED has seen a wide adoption, but 
two important points must be considered. Firstly, many risk factors in the HAS-
BLED score are shared with other risk-scoring schemes for calculating the risk of 
thrombosis, e.g., hypertension and stroke. Secondly, a high HAS-BLED score is not 
necessarily indicative that oral anticoagulation should be omitted but may be used 
to select patients in need for regular follow-up.

5. Drug therapies and prescribing options

For over half a century, the anticoagulation regimen for AF was the use of VKA, 
also called coumarins. They included acenocoumarol, phenprocoumon, fluindione, 
and warfarin [37]. Warfarin is by far the most common of these and is the most 
commonly used anticoagulant [38]. These are effective agents, but they have certain 
disadvantages: a narrow therapeutic range, required laboratory monitoring, good 
patient adherence for safety and effectiveness, and certain risks for drug-drug and 
drug-food interactions [39].

The emergence of NOAC drugs has changed the paradigm for anticoagulation 
therapy. These agents have been shown noninferior to warfarin with respect to 
thromboembolism. They may alleviate some of the disadvantages of VKA anti-
coagulation, but some of them do not have reversal agents. A short summary of 
anticoagulants appears in Table 3.
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5.1 Vitamin K antagonists

Vitamin K antagonists (VKA) act by reducing the synthesis of the coagulation 
factors that rely on vitamin K. They inhibit the liver’s ability to synthesize the 
precursors to clotting factors, Factor II (prothrombin), Factor VII, Factor IX, and 
Factor X. For that reason, it may take up to 2 weeks before all of these factors are 
eliminated and the drug is effective [35]. Warfarin may be reversed with oral or 
intravenous vitamin K, although the reversal may take hours to take effect [40]. 
Warfarin is an effective anticoagulant as long as blood concentrations fall within 
a relatively narrow therapeutic range; regular monitoring for time in therapeutic 
range is required. There is a wealth of clinical experience with VKA to inform 
prescribing choices.

Although warfarin may seem to be eclipsed by newer and more convenient 
agents, warfarin is still frequently prescribed and may be the optimal choice for 
some patients. VKA anticoagulation therapy decreases the risk of ischemic stroke in 
AF patients by >60%, although it does present a slightly increased risk for bleeding 
(<0.3%/year) [41].

Prescribing considerations for warfarin must include its narrow therapeutic 
index (overdosing may cause bleeding, and underdosing may cause thrombosis). 
Thus, warfarin patients must be followed with regular assessment of their interna-
tional normalized ratio (INR). While genetics influence how an individual responds 
to VKA, such tests are not often used, and there is little guidance in terms of how to 
apply the findings from such genetic tests to therapeutic choices [42, 43]. Warfarin 
can be monitored at home with a home-based system and weekly test strips. The 
direct cost of warfarin is lower than for NOAC medications.

An important safety concern about warfarin involves hemorrhagic stroke which 
may occur in patients on VKA therapy. In fact, about 12–14% of cases of intrace-
rebral hemorrhage are associated with warfarin [44]. VKA agents appear to con-
tribute to vascular calcification to a greater extent than NOACs [45]. Drug-drug or 
food-drug interactions often occur with VKA therapy, particularly involving foods 
and drugs that induce or inhibit the CYP 450 enzymes [39, 46].

5.2 Non-vitamin-K antagonist oral anticoagulants (NOACs)

Four NOAC medications are approved and indicated for stroke prevention in 
patients with nonvalvular AF in the USA with some international variations. The 
NOAC category offers drugs in two classes: those that inhibit Factor Xa (apixaban, 
edoxaban, rivaroxaban) and direct thrombin inhibitors (dabigatran). Trials have 
demonstrated they are effective anticoagulation options with reasonable safety 
profiles. The advantages of NOACs compared to VKA therapy include predictable 
pharmacokinetics, rapid onset and offset of action, recent promising evidence from 
clinical trials showing reductions in stroke, intracranial hemorrhage, and all-cause 
mortality [46]. NOACs offer advantages, but the lingering concern with such medi-
cations is the lack of a reversal agent to stop the anticoagulatory effect in the event 
of a bleeding emergency for all these agents except dabigatran. The monoclonal 
antibody idarucizumab is available as a specific, with rapid onset, reversal agent for 
dabigatran [47].

5.2.1 Apixaban

Apixaban is a highly selective direct inhibitor of activated coagulation Factor 
X that can indirectly inhibit thrombin-induced platelet aggregation. It is an oral 
anticoagulant with linear and predictable pharmacokinetics and rapid onset/offset 
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of action and has relatively few potential drug-drug or drug-food interactions [48]. 
In a meta-analysis of 16 studies, apixaban was more effective in reducing the rate of 
thromboembolic events compared to warfarin but similar to warfarin in reducing 
the risk of stroke [49]. However, it may reflect patient selection, and it is important 
to stress that no head-to-head studies with a randomized controlled have been 
conducted.

A post hoc analysis of the Apixaban for Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) study compared 
clinical characteristics and outcomes in AF patients with a history of cancer taking 
either apixaban or warfarin. The outcomes were stroke, systemic embolism, major 
bleeding, and mortality [50]. In the study, 157 patients had active cancer, the 
remaining 1079 had remote cancer, and they were compared to 16,947 patients 
without cancer. No significant relationships between cancer and stroke, systemic 
embolism, ischemic stroke, or death could be determined, and the relationship 
between cancer and myocardial infarction was not significant after statistical 
adjustment. Apixaban was associated with improved rates of the composite 
endpoint (stroke, systemic embolism, myocardial infarction, and mortality) in 
those with active cancer and in those without cancer but not in those with remote 
cancer [50]. In a post hoc analysis of the ARISTOTLE study, 76.5% of patients were 
found to be on polypharmacy, defined as ≥5 or more drugs, and mortality, stroke, 
and systemic embolism rates increased with the greater number of concomitant 
medications [51]. Apixaban was deemed to be more effective than warfarin in 
AF patients on polypharmacy compared to warfarin and at least equivalent in 
terms of safety. An analysis of ARISTOTLE study data found 104 patients had a 
bioprosthetic heart valve replacement, and 52 had undergone valve repair. The 
safety and effectiveness of apixaban in this subpopulation was consistent with the 
larger study results, that is, apixaban may be an appropriate choice for a patient 
with valve replacement or repair [52]. Using data from this study, it was found that 
30.5% of patients were taking potentially interacting medications at the time of the 
study (2722 apixaban and 2824 warfarin patients), which is common among AF 
patients. For the primary outcome endpoint (stroke or systemic embolism), both 
apixaban and warfarin were similar, and interacting medications had no effect 
on this outcome [53]. Apixaban results were also consistent in the multimorbid 
population (64% of ARISTOTLE population, defined as ≥3 comorbid conditions); 
apixaban was similarly effective in the general ARISTOTLE population as in the 
multimorbid subpopulations, including those with high multimorbidity (≥6 
comorbid conditions) [54].

Using a Markov model and a population model from 2017 to 2030, apixaban 
was compared to warfarin in the German population of nonvalvular AF patients. 
The study showed that apixaban use instead of a VKA could avoid 52,185 major 
clinical events, including 14,319 all-cause deaths and 15,383 nonfatal strokes [55]. A 
Department of Defense study in the USA (n = 41,001) found apixaban was associ-
ated with a significantly lower risk of stroke, systemic embolism, or major bleeding 
compared to warfarin and to rivaroxaban [56].

5.2.2 Dabigatran

Dabigatran, a prodrug, is a direct thrombin inhibitor with predictable pharma-
cokinetics and pharmacodynamics, no need for laboratory monitoring, and fewer 
drug-food and drug-drug interactions compared to VKA. Unlike other NOAC 
drugs, dabigatran has an approved specific reversal agent, idarucizumab [57]. 
Dabigatran holds the distinction of being the first NOAC agent to be approved for 
nonvalvular AF patients [58].
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5.1 Vitamin K antagonists

Vitamin K antagonists (VKA) act by reducing the synthesis of the coagulation 
factors that rely on vitamin K. They inhibit the liver’s ability to synthesize the 
precursors to clotting factors, Factor II (prothrombin), Factor VII, Factor IX, and 
Factor X. For that reason, it may take up to 2 weeks before all of these factors are 
eliminated and the drug is effective [35]. Warfarin may be reversed with oral or 
intravenous vitamin K, although the reversal may take hours to take effect [40]. 
Warfarin is an effective anticoagulant as long as blood concentrations fall within 
a relatively narrow therapeutic range; regular monitoring for time in therapeutic 
range is required. There is a wealth of clinical experience with VKA to inform 
prescribing choices.

Although warfarin may seem to be eclipsed by newer and more convenient 
agents, warfarin is still frequently prescribed and may be the optimal choice for 
some patients. VKA anticoagulation therapy decreases the risk of ischemic stroke in 
AF patients by >60%, although it does present a slightly increased risk for bleeding 
(<0.3%/year) [41].

Prescribing considerations for warfarin must include its narrow therapeutic 
index (overdosing may cause bleeding, and underdosing may cause thrombosis). 
Thus, warfarin patients must be followed with regular assessment of their interna-
tional normalized ratio (INR). While genetics influence how an individual responds 
to VKA, such tests are not often used, and there is little guidance in terms of how to 
apply the findings from such genetic tests to therapeutic choices [42, 43]. Warfarin 
can be monitored at home with a home-based system and weekly test strips. The 
direct cost of warfarin is lower than for NOAC medications.

An important safety concern about warfarin involves hemorrhagic stroke which 
may occur in patients on VKA therapy. In fact, about 12–14% of cases of intrace-
rebral hemorrhage are associated with warfarin [44]. VKA agents appear to con-
tribute to vascular calcification to a greater extent than NOACs [45]. Drug-drug or 
food-drug interactions often occur with VKA therapy, particularly involving foods 
and drugs that induce or inhibit the CYP 450 enzymes [39, 46].

5.2 Non-vitamin-K antagonist oral anticoagulants (NOACs)

Four NOAC medications are approved and indicated for stroke prevention in 
patients with nonvalvular AF in the USA with some international variations. The 
NOAC category offers drugs in two classes: those that inhibit Factor Xa (apixaban, 
edoxaban, rivaroxaban) and direct thrombin inhibitors (dabigatran). Trials have 
demonstrated they are effective anticoagulation options with reasonable safety 
profiles. The advantages of NOACs compared to VKA therapy include predictable 
pharmacokinetics, rapid onset and offset of action, recent promising evidence from 
clinical trials showing reductions in stroke, intracranial hemorrhage, and all-cause 
mortality [46]. NOACs offer advantages, but the lingering concern with such medi-
cations is the lack of a reversal agent to stop the anticoagulatory effect in the event 
of a bleeding emergency for all these agents except dabigatran. The monoclonal 
antibody idarucizumab is available as a specific, with rapid onset, reversal agent for 
dabigatran [47].

5.2.1 Apixaban

Apixaban is a highly selective direct inhibitor of activated coagulation Factor 
X that can indirectly inhibit thrombin-induced platelet aggregation. It is an oral 
anticoagulant with linear and predictable pharmacokinetics and rapid onset/offset 

33

Anticoagulation in Atrial Fibrillation Patients
DOI: http://dx.doi.org/10.5772/intechopen.88965

of action and has relatively few potential drug-drug or drug-food interactions [48]. 
In a meta-analysis of 16 studies, apixaban was more effective in reducing the rate of 
thromboembolic events compared to warfarin but similar to warfarin in reducing 
the risk of stroke [49]. However, it may reflect patient selection, and it is important 
to stress that no head-to-head studies with a randomized controlled have been 
conducted.

A post hoc analysis of the Apixaban for Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) study compared 
clinical characteristics and outcomes in AF patients with a history of cancer taking 
either apixaban or warfarin. The outcomes were stroke, systemic embolism, major 
bleeding, and mortality [50]. In the study, 157 patients had active cancer, the 
remaining 1079 had remote cancer, and they were compared to 16,947 patients 
without cancer. No significant relationships between cancer and stroke, systemic 
embolism, ischemic stroke, or death could be determined, and the relationship 
between cancer and myocardial infarction was not significant after statistical 
adjustment. Apixaban was associated with improved rates of the composite 
endpoint (stroke, systemic embolism, myocardial infarction, and mortality) in 
those with active cancer and in those without cancer but not in those with remote 
cancer [50]. In a post hoc analysis of the ARISTOTLE study, 76.5% of patients were 
found to be on polypharmacy, defined as ≥5 or more drugs, and mortality, stroke, 
and systemic embolism rates increased with the greater number of concomitant 
medications [51]. Apixaban was deemed to be more effective than warfarin in 
AF patients on polypharmacy compared to warfarin and at least equivalent in 
terms of safety. An analysis of ARISTOTLE study data found 104 patients had a 
bioprosthetic heart valve replacement, and 52 had undergone valve repair. The 
safety and effectiveness of apixaban in this subpopulation was consistent with the 
larger study results, that is, apixaban may be an appropriate choice for a patient 
with valve replacement or repair [52]. Using data from this study, it was found that 
30.5% of patients were taking potentially interacting medications at the time of the 
study (2722 apixaban and 2824 warfarin patients), which is common among AF 
patients. For the primary outcome endpoint (stroke or systemic embolism), both 
apixaban and warfarin were similar, and interacting medications had no effect 
on this outcome [53]. Apixaban results were also consistent in the multimorbid 
population (64% of ARISTOTLE population, defined as ≥3 comorbid conditions); 
apixaban was similarly effective in the general ARISTOTLE population as in the 
multimorbid subpopulations, including those with high multimorbidity (≥6 
comorbid conditions) [54].

Using a Markov model and a population model from 2017 to 2030, apixaban 
was compared to warfarin in the German population of nonvalvular AF patients. 
The study showed that apixaban use instead of a VKA could avoid 52,185 major 
clinical events, including 14,319 all-cause deaths and 15,383 nonfatal strokes [55]. A 
Department of Defense study in the USA (n = 41,001) found apixaban was associ-
ated with a significantly lower risk of stroke, systemic embolism, or major bleeding 
compared to warfarin and to rivaroxaban [56].

5.2.2 Dabigatran

Dabigatran, a prodrug, is a direct thrombin inhibitor with predictable pharma-
cokinetics and pharmacodynamics, no need for laboratory monitoring, and fewer 
drug-food and drug-drug interactions compared to VKA. Unlike other NOAC 
drugs, dabigatran has an approved specific reversal agent, idarucizumab [57]. 
Dabigatran holds the distinction of being the first NOAC agent to be approved for 
nonvalvular AF patients [58].
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The Randomized Evaluation of Long-Term Anticoagulant Therapy (RE-LY) 
study (n = 18,113) compared dabigatran at two doses (150 or 110 mg twice a day) 
to warfarin in a trial of AF patients that excluded those with mechanical heart 
valves, moderate to severe mitral stenosis, or valvular heart disease requiring 
intervention (patients with valvular heart disease not requiring intervention could 
be included) [59]. For dabigatran 150 mg twice daily, the rate of stroke or systemic 
embolic events was significantly lower than that of patients taking warfarin, 
but for those on 110 mg twice daily, rates were similar to warfarin. Intracranial 
bleed rates and mortality rates were significantly lower in both dabigatran groups 
compared to warfarin regardless of whether or not the patient had valvular heart 
disease [59].

The randomized phase II study to evaluate the safety and pharmacokinetics of 
oral dabigatran etexilate in patients after heart valve replacement (RE-ALIGN) 
study was terminated early when it compared VKA therapy to dabigatran and 
the dabigatran group experienced a high rate of thromboembolic and bleeding 
adverse events [60]. The study enrolled patients undergoing atrial and/or mitral 
mechanical valve implantation who were administered with 150 or 300 mg of 
dabigatran twice a day to determine relative safety and effectiveness of dabiga-
tran compared to warfarin [61]. Dabigatran patients experienced higher rates of 
adverse events: 5% had strokes, 2% transient ischemic attacks, and 2% myocardial 
infarction compared to only transient ischemic attacks only at a rate of 2% in the 
warfarin group. The reasons for this have been speculated: dabigatran doses were 
too high, dabigatran was introduced too soon after valve surgery, or there remain 
factors to be elucidated about thromboembolic risks associated with artificial 
heart valves [62].

5.2.3 Edoxaban

Edoxaban, a factor Xa inhibitor, is approved for the prevention of stroke in 
nonvalvular AF patients. Factor Xa is a protease that serves to convert prothrombin 
into thrombin which, in turn, converts fibrinogen into fibrin and allows for clot-
ting. Edoxaban has a dual mechanism of action in that it inhibits both free Factor 
Xa and also the by-product Factor Xa produced by prothrombinase [63]. Like other 
NOAC medications, it requires less laboratory monitoring, has fewer drug-drug 
and food-drug interactions, and lowers the risk of major bleeding compared to 
warfarin. It is not metabolized via the CYP450 enzyme system (which is the case 
for apixaban and rivaroxaban), and it was shown in the ENGAGE AF-TIMI study 
to be noninferior to warfarin. It is an oral agent that need be taken only once daily 
[63]. The safety and efficacy of edoxaban seem to be similar to other NOAC medi-
cations for the control of venous thromboembolism to reduce the risk of stroke in 
nonvalvular AF patients.

The Effective Anticoagulation with Factor Xa Next Generation in Atrial 
Fibrillation-Thrombosis in Myocardial Infarction 48 study (ENGAGE-AF-TIMI 48) 
compared edoxaban to warfarin in AF patients with and without valvular heart 
disease [64]. Valvular heart disease is associated with an increased risk for major 
adverse cardiovascular events, major bleeding, and death. Higher-dose edoxaban 
was found to be similarly effective to warfarin for all endpoints (stroke, systemic 
embolic event, major bleeding) in a trial of 18,222 patients [64].

A substudy of ENGAGE AF-TIMI 48 examined the effect of patient age on 
bleeding risk (risk is greater with older age) and favored edoxaban over warfarin 
for AF patients ≥75 years [65]. As such, edoxaban may be preferred over warfarin in 
elderly patients at risk for falls [66].
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5.2.4 Rivaroxaban

Rivaroxaban is an NOAC that acts as a selective, direct inhibitor of activated 
coagulation Factor Xa. It is an oral medication with a rapid onset/offset of action 
and short half-life. It does not require laboratory monitoring and has predict-
able pharmacokinetics and pharmacodynamics and relatively few drug-drug and 
drug-food interactions compared to warfarin [67]. There is currently no approved 
reversal agent for rivaroxaban.

The ROCKET-AF study (n = 14,264) compared rivaroxaban to warfarin and 
found rivaroxaban had a 1.7% risk of stroke or systemic embolism at 1 year com-
pared to 2.2% for warfarin. The composite safety endpoint was major bleeding or 
major bleeding plus clinically relevant non-major bleeding and occurred at a rate of 
14.9% for rivaroxaban and 14.5% for warfarin patients [68]. The study concluded 
that rivaroxaban was noninferior to warfarin in prevention of stroke and systemic 
embolism. There was no significant difference in major or non-major but clinically 
relevant bleeding between rivaroxaban and warfarin. Gastrointestinal bleeding 
occurred more often in rivaroxaban than warfarin patients, but rates of major 
bleeding were similar.

5.3 Rotation of anticoagulation

There may be cases when it becomes necessary to change from warfarin to an 
NOAC or vice versa. In the case of moving from VKA to an NOAC, INR monitoring 
is needed throughout the shift [14]. The opposite transition, from NOAC to VKA, 
may require bridging to heparin or starting off with a lower dose of the NOAC 
medication at first, INR twice a week (minimum), and adjustment of VKA until the 
INR reaches ≤2.0 [69].

5.4 Risks of anticoagulation

In an elderly population (262,611 patients ≥60 years free of dementia and 
stroke), it was observed that incident AF was associated with an increased risk of 
dementia independent of stroke, while anticoagulation therapy decreased the risk 
for dementia [70]. The association between AF and dementia is not well elucidated, 
but white matter lesions, silent brain infarcts, and microbleeds in the brain are more 
common in AF patients, and it is not clear whether anticoagulation might play a role 
in this decreased risk for dementia [71].

Patients with liver disease are at risk for increased bleeding with anticoagula-
tion therapy (but not increased thromboembolic events) [72]. However, NOAC 
therapy was shown in a clinical study (n = 39) to be safe and effective in cirrhosis 
patients [73].

Warfarin is teratogenic and should not be administered to pregnant women or 
women of childbearing potential without a clear understanding that they must not 
get pregnant while taking this drug [74].

6. Emergency anticoagulation and emergency anticoagulation reversal

NOAC anticoagulation offers advantages over VKA anticoagulation but also 
poses new challenges in the management of emergency situations. Emergency 
thrombolysis for treatment of ischemic stroke requires that the coagulation 
system be intact and, for this reason, is contraindicated in patients taking NOAC 
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Warfarin is teratogenic and should not be administered to pregnant women or 
women of childbearing potential without a clear understanding that they must not 
get pregnant while taking this drug [74].
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drugs, unless the agent is completely reversed before [75]. Prothrombin time 
and other laboratory tests are often faster and easier to accomplish with VKA 
therapy than NOAC in emergencies. For major bleeding events, rapid reversal 
of anticoagulation may be required which is likewise easier with VKA; however, 
reversing VKA agents such as warfarin may still take hours. Among the NOAC 
options, only dabigatran has a reversal agent, while the reversal agents for the 
other NOAC medications are in development.

7. Evidence from clinical trials

The NOAC medications and warfarin have been the subject of large published 
clinical trials, but head-to-head studies among the NOACs have not yet been carried 
out, and attempts to analyze data across trials have been challenged by differences 
in study methodologies, the AF populations evaluated, definitions (stroke, AF, 
major bleeding, and so on), and composite endpoints [76]. A meta-analysis (n = 17 
studies) comparing rivaroxaban, dabigatran, and warfarin in real-world settings 
found that rivaroxaban was similar to warfarin in terms of the risks for major bleed-
ing, myocardial infarction, and all-cause mortality; rivaroxaban was associated 
with a lower risk for stroke or systemic thromboembolism compared to warfarin; 
however, rivaroxaban had a higher risk for gastrointestinal bleeding than warfarin. 
Compared to dabigatran, rivaroxaban had similar risks for stroke and systemic 
thromboembolism and myocardial infarction, but the risks for major bleeding, gas-
trointestinal bleeding, and all-cause mortality were higher with rivaroxaban than 
dabigatran [77]. A retrospective study found that rivaroxaban and apixaban elevate 
the INR to levels above the high cutoff for normal (84.2% of rivaroxaban and 78.3% 
of apixaban with rivaroxaban significantly higher than apixaban, p < 0.001); 
however the clinical implications for these elevated INR values are not known [78].

A retrospective study of 1365 geriatric patients with head trauma found that 
NOAC therapy was a safer alternative than warfarin, although warfarin and NOACs 
were associated with similar mortality rates. NOAC patients had a lower rate of intra-
cranial hemorrhage progression [79]. A retrospective database study of nonvalvular 
AF patients newly started on rivaroxaban, apixaban, or warfarin matched 11,411 riva-
roxaban users to 11,411 warfarin patients and reported that the risk of ischemic stroke 
or intracranial hemorrhage was significantly lower in the rivaroxaban patients than 
in the warfarin patients. The study further matched 4083 apixaban patients to 4083 
warfarin patients and found the combined endpoint (ischemic stroke or intracranial 
hemorrhage) was nonsignificantly reduced by apixaban versus warfarin. Apixaban 
reduced the risk of intracranial hemorrhage (hazard ratio 0.38, 95% confidence 
interval, 0.17–0.88) compared to warfarin, but the risk of ischemic stroke was nonsig-
nificantly increased by apixaban versus warfarin (hazard ratio 1.13, 95% confidence 
interval, 0.49–2.63). The study did not compare rivaroxaban to apixaban [80].

In a study of 962 consecutive TAVR patients prescribed with NOAC (n = 326) or 
VKA therapy (n = 636) after surgery, the composite study endpoint were all-cause 
mortality, myocardial infarction, and any cerebrovascular event. After 1 year of 
follow-up from TAVR, the composite endpoint occurred in 21.2% of NOAC and 
15.0% of VKA patients. Rates of bleeding and all-cause mortality were similar, but 
NOACs had a higher rate of ischemic events than VKA therapy [81]. In a systematic 
review of anticoagulation therapy in AF patients with valvular heart disease and 
bioprosthetic heart valves, edoxaban 30 mg was associated with the least rate of 
major bleeding compared to rivaroxaban, VKA, and other similar agents. Overall, 
NOAC medications were more effective in this population than warfarin, and 
NOACs were similar with the exception of edoxaban and major bleeding rates [82].
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Evidence from clinical trials shows promise but does not yet provide clinicians 
with a complete picture. For example, patients with moderate to severe mitral ste-
nosis or those with a mechanical heart valve are both at elevated risk from throm-
boembolism and typically excluded from head-to-head clinical trials that compare 
VKAs to specific NOACs. There are also patient groups who have been included in 
some, but not other trials, for example, patients who had a previous heart valve 
surgery (but not a mechanical valve) were excluded from RE-LY but included in 
ROCKET-AF, ΑRISTOTLE, and ENGAGE-AF. Patients with AF and a mechanical 
heart valve are routinely excluded from most head-to-head trials on anticoagula-
tion. Thus, there are gaps in the evidence as to which types of anticoagulation 
treatments are most effective in specific populations.

8. Clinical considerations for oral anticoagulants

Although it is well known that anticoagulation therapy can help prevent stroke 
in AF patients at risk for thromboembolic events, only about half of the indicated 
patients actually are prescribed with therapy [83]. There is an inverse relationship 
between antiplatelet prescription and non-prescription of anticoagulation therapy. 
However, antiplatelet therapy is not as effective as anticoagulation medications for 
stroke prevention [84]. When prescribing anticoagulation therapy, the clinician 
must evaluate several factors: the indications for anticoagulation therapy, individual 
patient characteristics, whether or not the patient is taking other medications, 
patient preferences (if any), clinician and institutional preferences, and cost [14]. 
When antiplatelet therapy is combined with anticoagulation, the risk for bleeding 
increases [14]. Among patients with nonvalvular AF, those with heart failure and/
or left-ventricular dysfunction have higher rates of bleeding and stroke/systemic 
embolism. Although some large trials of NOACs have included such patients, there 
have been no specific studies to investigate the safety of such drugs in these popula-
tions [85], and there is little evidence to guide prescribing choices.

Comorbidities must be considered when selecting the optimal anticoagulation 
regimen for a specific patient. Hepatic disease may increase the patient’s risk for 
bleeding and impairs hepatic drug metabolism and clearance. In NOAC trials, 
patients with liver disease were excluded, so there is a paucity of evidence about 
how to use NOAC therapy in this population. A retrospective database study from 
Korea (12,778 warfarin patients and 24,575 NOAC patients) found NOACs reduced 
the risk for ischemic stroke, intracranial hemorrhage, gastrointestinal bleeding, 
major bleeding, and all-cause death compared to warfarin. In the 13% of this 
study population with active liver disease, there was a lower rate for the composite 
endpoint (all endpoints above) for NOAC than warfarin [86].

Renal failure, common in AF patients, has an inflammatory pathophysiology 
and puts patients at risk for both thromboembolitic events and bleeding [87]. 
Since NOACs are cleared by the kidneys, renal failure has an adverse effect on 
NOAC pharmacokinetics but not on warfarin. However, warfarin likewise can 
interact with other drugs including drugs taken by patients managing kidney 
disorders [88]. A retrospective database study in Germany, RELOAD, compared 
outcomes of nonvalvular AF patients with compromised renal function tak-
ing either rivaroxaban or phenprocoumon (VKA therapy) and found that for 
patients with no evidence of cancer, rivaroxaban was associated with a lower rate 
of ischemic stroke and intracranial hemorrhage compared to phenprocoumon 
[89]. Warfarin is also more commonly prescribed to nonvalvular AF patients on 
hemodialysis, and while no head-to-head clinical trials have compared warfarin to 
NOACs in this population, dialysis patients are sometimes prescribed with NOAC 
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therapy. The preference for NOACs in the hemodialysis population may be due 
to several concerns: it is difficult to maintain warfarin at INR in the therapeutic 
range, warfarin may calcify vasculature, and dialysis patients have an elevated risk 
of intracranial hemorrhage. Hemodialysis patients are challenging for anticoagu-
lation, because they often are multimorbid, have extensive antibiotic exposure, 
and may have vitamin K deficiency. Adherence can also be especially problematic 
in the hemodialysis population [90].

The role of anticoagulation in cancer patients becomes complex as many cancer 
patients are at increased bleeding risk and may be taking antiplatelet agents and 
nonsteroidal anti-inflammatory drugs, have renal impairment, or be on chemo-
therapy. Many chemotherapeutic agents increase the patient’s risk of arterial and 
venous thrombosis, and chemotherapy that induces thrombocytopenia may elevate 
bleeding risks [91]. There is also the risk that anticoagulants may interact with 
chemotherapeutic agents or supportive-care drugs. Many chemotherapeutic regi-
mens (cisplatin, melphalan, cyclophosphamide) and some monoclonal antibodies 
increase the risk of nonvalvular AF. Cancer patients with AF have an increased risk 
for thromboembolism [92]. There is only limited knowledge of the risk of ischemic 
stroke attributable to cancer, and many risk assessment tools do not incorporate 
cancer. Further, cancer is not just one disease, and there may be important clinical 
variations with respect to the type of cancer, AF risk, and risk of thromboembolism 
and stroke [93].

Patient factors may also influence prescribing choices. Patient adherence must 
be considered in long-term anticoagulation therapy; the continuously adherent rate 
is under 45% for those newly diagnosed AF patients prescribed with some form 
of anticoagulation therapy [94]. Patient education may play a role in improving 
adherence. In a study of 339 adults on anticoagulation treatment for nonvalvular 
AF, participants evidenced moderate knowledge about AF but had a more limited 
understanding of anticoagulation and stroke [95]. Thus, better educational efforts 
may be helpful. Culture and ethnicity may also be a consideration when making pre-
scribing determinations. In a multinational survey of 937 adults on anticoagulation 
treatment for nonvalvular AF, national differences emerged such that US patients 
perceived AF as a serious condition, whereas the Japanese were less concerned about 
AF, but both were quite concerned about stroke risks. French patients preferred the 
physician to select AF therapy, while German, US, and Canadian patients preferred 
to be involved in therapeutic choices [96]. A cross-sectional survey of 226 physi-
cian specialists in Bulgaria also reports that 68% of patients who have an indication 
for anticoagulation therapy preferred a shared decision-making approach, and 
only 19% wanted the physician to make all anticoagulation therapy choices [97]. 
Improved understanding about the risk of stroke, the nature of stroke, and anticoag-
ulation treatment may improve adherence and empower patients in their own care.

Women taking warfarin have a greater risk of stroke/embolism than men, but 
this sex difference is not maintained for all of the NOACs [98]. Moreover, there is 
some evidence that with NOACs, women have less risk of major bleeding than men. 
The differences have been discussed in the literature and do not seem to apply to 
anticoagulation effectiveness [99]. Further studies are needed, but it appears that 
NOAC drugs may have some sex-based differences that at this time seem clinically 
unimportant.

9. Device-based approaches

Some patients have a relative or absolute contraindication to anticoagulation 
therapy. Device-based approaches may be important options for these patients. 
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It exceeds the scope of this chapter to describe these devices, their implantation, 
and results in detail, but a brief introduction is offered. Direct closure of the LAA 
via a minimally invasive surgical procedure is well established. It is a safe, effec-
tive procedure that can generally be performed in 30–40 min. Initially, the LAA 
was closed utilizing an endoscopic stapler, but more recently a minimally invasive 
LAA surgical clip is used (AtriClip, AtriCure, Inc., Cincinnati, Ohio, USA). The 
clip offers complete closure immediately, and no postoperative anticoagulation is 
needed.

A device implanted under fluoroscopic control into the orifice of the LAA 
by transseptal puncture may also be used (Watchman, Boston Scientific, Inc., 
Boston, Massachusetts, USA). This device has a high leak rate, and the US Food 
and Drug Administration requires postoperative anticoagulation for several 
weeks after implantation. Five-year outcomes from two large randomized 
clinical trials (PREVAIL and PROTECT AF) found that LAA closure with the 
WATCHMAN device offered stroke prevention in patients with nonvalvular AF 
comparable to that of warfarin with additional reductions in major bleeding and 
mortality [100].

In contrast to these is a suture-based occluding device (Lariat, SentreHEART, 
Redwood City, California, USA) that requires transseptal implantation. Unlike 
WATCHMAN, this device does in fact close the LAA, but in addition to a trans-
septal puncture, it requires access to the pericardium. A large randomized mul-
ticenter controlled trial is ongoing to determine the 30-day safety of this device 
and freedom from documented episodes of AF, atrial flutter, or atrial tachycardia 
>30 s at 12 months with a secondary composite endpoint of cardiovascular death 
or stroke [101].

10. Conclusions

New anticoagulation therapies are changing the paradigm of anticoagulation 
treatment for patients with certain forms of AF. This shift is further complicated by 
the fact that the definition and understanding of nonvalvular versus valvular AF are 
under scrutiny and evolving. Vitamin K antagonism (warfarin and other drugs) had 
been the standard of care for decades and still represents an important anticoagula-
tion option. The main drawbacks to VKA are the need for laboratory monitoring 
and strict therapy adherence to maintain anticoagulation efficacy plus the potential 
for drug-drug and food-drug interactions. A benefit for warfarin and other VKA 
treatments is the fact that the anticoagulation effect can be pharmacologically 
reversed. The arrival of the NOAC agents presents improved effectiveness in many 
key endpoints such as stroke prevention and similar or enhanced safety with respect 
to bleeding risks. There are four of these drugs (apixaban, dabigatran, edoxaban, 
and rivaroxaban), but as yet there are no head-to-head clinical trials among them 
for clinical guidance. Except for dabigatran, there are presently no reversal agents 
for these drugs. Clinicians must evaluate these anticoagulation approaches to make 
individualized decisions for patients. Further study is needed, particularly for 
specific subpopulations of AF patients: those with heart failure, implanted devices, 
renal compromise, and cancer.
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and rivaroxaban), but as yet there are no head-to-head clinical trials among them 
for clinical guidance. Except for dabigatran, there are presently no reversal agents 
for these drugs. Clinicians must evaluate these anticoagulation approaches to make 
individualized decisions for patients. Further study is needed, particularly for 
specific subpopulations of AF patients: those with heart failure, implanted devices, 
renal compromise, and cancer.
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Abstract

Aging is an important risk factor for patients with atrial fibrillation. The esti-
mated prevalence of atrial fibrillation in patients aged ≥80 years is 9–10%, with 
four- to fivefold increased risk of embolic stroke and with an estimated increased 
stroke risk of 1.45-fold per decade in aging. Older age is also associated with 
increased risk of major bleeding with oral anticoagulant (OAC) therapy. In this 
chapter, we will focus on the role of oral anticoagulation with new oral anticoagu-
lants, non-vitamin K antagonist, in populations with common comorbid condi-
tions, including age; chronic kidney disease; coronary artery disease, on multiple 
medication; and frailty. In patients 75 years and older, randomized trials have 
shown new oral anticoagulants to be as effective as warfarin, or in some cases supe-
rior, with an overall better safety profile, consistently reducing rates of intracranial 
hemorrhages. Prior to considering oral anticoagulant therapy in an elderly frail 
patient, a comprehensive assessment should be performed to include the risk and  
benefits, stroke risk, baseline kidney function, cognitive status, mobility and falling 
risk, multiple medication, nutritional status assessment, and life expectancy.

Keywords: anticoagulation, atrial fibrillation, elderly, new oral anticoagulants, frailty

1. Introduction

Atrial fibrillation (AF) is the most common arrhythmia in our daily clinical 
practice, affecting 4.5 million people in Europe and approximately 33.5 million 
people globally [1]. Estimates suggest a significant increase in AF incidence with 
age from 4.1/1000 under 75 years to 26.3/1000 in people older than 75 years [2]; in 
the same way, its prevalence rises from 0.1% in people under 55 years to 9% of those 
older than 80 [3–5], with an average annual cost of 2.365 € for each patient [6]. Due 
to the increase in life expectancy, the number of elderly people over 80 years with 
non-valvular AF (NVAF) will be fourfold in 2050; therefore, this group will repre-
sent over the 50% of the total of patients with this arrhythmia [4, 5], and stroke risk 
will increase 25–36% in elderly individuals between 80 and 89 years old [2, 7, 8].

Although people over 75 years present worse prognosis, higher mortality, and 
more adverse effects than those with age between 65 and 74 years [8], up to 35% 
of octogenarians do not receive oral anticoagulant (OAC) therapy [5]. The use of 
vitamin K antagonists (VKA) is reduced up to 14% for each decade of increase in 
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Although people over 75 years present worse prognosis, higher mortality, and 
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of octogenarians do not receive oral anticoagulant (OAC) therapy [5]. The use of 
vitamin K antagonists (VKA) is reduced up to 14% for each decade of increase in 
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age, regardless of other stroke risk factors [5, 9]. Frequent reasons for not initiating 
antithrombotic treatment in frail older individuals are (1) antiplatelet therapy, (2) 
more than 90 years, (3) falling risk, and (4) nursing home residents, even though a 
strong indication and evidence show that frailty increases stroke risk but not major 
bleeding risk [10].

In Europe, since 2011, there is an available new family of OAC with indication 
for stroke and venous thromboembolism prevention in patients with NVAF. This 
new family includes four direct oral anticoagulants (DOACs), dabigatran (an active 
direct thrombin inhibitor), apixaban, edoxaban, and rivaroxaban (direct factor Xa 
inhibitors). Different meta-analyses have proved up to 20% reduced stroke risk, 
12% reduced mortality, and 50% reduced intracranial bleeding risk, in comparison 
with warfarin, showing fewer drugs and food interactions, with no control needed 
[9, 11]. The cost-utility of these drugs has been tested by cost-effectiveness analysis 
[6], and benefits shown are maintained regardless of age, presenting a greater 
reduction on all-cause mortality, stroke, and major, intracranial, and total bleedings 
in older individuals, the ones that present a higher risk [12–14].

Nonetheless, studies specifically designed in elderly population are not yet avail-
able, and the current evidence exclude multimorbidity patients, polypharmacy, and 
geriatric syndromes and just evaluate the benefit using health indicators with low 
clinical impact in this population [15–17]. In addition, the mean age of the patients 
included in clinical trials is 5–10 years lower than mean age of real-life patients with 
NVAF; because of that, the current guidelines are not able to make strong recom-
mendations for individuals of 85 years or more [5, 18]. In order to solve this lack 
of evidence, data from sub-group phase III pivotal trials have been used, including 
over 30,000 patients older than 75 years, to demonstrate efficacy of DOACs in 
comparison to VKA, showing equal safety profile in the older ones than in younger 
people [9, 19, 20] (Figure 1).

Anticoagulation in elderly patients supposes a huge challenge because of the 
frequent association with health conditions that can modify not only the therapy indi-
cation but also the type and dosage of drug, tolerance, adhesion, safety profile, and 
the results we seek. Among these health determinants, we highlight frailty, disability, 
comorbidity, polypharmacy, cognitive impairment, risk of falling, nursing home resi-
dents, nutritional status, oral feeding problems, sensory disorder, and personal and 
social issues [2, 21]. A complete comprehensive geriatric assessment (CGA) focused 
in identifying all these factors, combined with aging biology knowledge, a good 

Figure 1. 
Rates of very elderly subjects present in pivotal studies of DOAC.
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calculation of global and disability-free life expectancy, and a better knowledge of 
elderly pharmacology and individuality side effects of OAC in this population includ-
ing long time to benefit, will allow us to get a better adequacy of this therapy and to 
reach better health results. More clinical trials including frail aging patients and all 
these factors are needed in order to achieve real-life elderly population representative 
samples to better adjust OAC therapy in this group of age [18, 22].

2. Medication considerations in elderly patients

2.1 Thromboembolic and bleeding risk

The thrombotic risk in patients with NVAF is stratified by the CHA2DS2-VASc 
score: in patients with CHA2DS2-VASc score of 0, the thrombotic risk does not 
overweigh the risk of bleeding, so OAC is not recommended, but a CHA2DS2-VASc 
score of 1 or more reverses the risk/benefit balance, and anticoagulation is clearly 
recommended with class IA indication [23, 24].

The uncertainty arises when the score is 1; as in these patients, the stroke rate 
varies widely.

The thrombotic risk increase with higher CHA2DS2-VASc score. In elderly 
patients (75 years or older), OAC is always suitable; however, we may assess each 
case individually and evaluate bleeding risk, which is the most important complica-
tion in the anticoagulation treatment [24, 25].

Bleeding events are the most important complication of antithrombotic treat-
ment, so this requires us to personalize decision-making, especially in elderly 
patients with multimorbidity, geriatric syndromes, frailty, or disability.

There are several scores that help us to measure bleeding risk [26], which take 
into account different factors associated with increasing bleeding risk, with no 
intention of contraindicating OAC but to modify them with our intervention, in 
order to increase anticoagulation therapy’s security profile.

The most widespread one is HAS-BLED score, which includes different deter-
minants, all of them potentially modifiable, except the age. Other scores, like 
HEMORR2HAGES score, add some aspects that are usually included in CGA (falls, 
cognitive impairment) susceptible to evaluation and management by a geriatrician. 
The ATRIA bleeding risk score takes into account five parameters and stratify the 
bleeding risk into three levels [27, 28]. The ORBIT risk score proposes five determi-
nants: age, anemia, previous bleeding episodes, renal impairment, and antiplatelet 
therapy. This one demonstrates similar discrimination with better sizing than HAS-
BLED and ATRIA scores, according to ROCKET AF trial [29]. The ABC-bleeding 
score includes age, previous bleeding episodes, and three serum biomarkers (hemo-
globin, troponin T, and GDF15 or cystatin C/creatinine clearance) and obtains more 
appropriated results than HAS-BLED and the ORBIT, according to ARISTOTLE 
and RE-LY trials [27], but biomarkers are not standardized, and there is no defined 
cut point (class IIb indication).

2.2 Suitable control of anticoagulation

Antithrombotic treatment efficacy mostly depends on an adequate maintenance 
of anticoagulation levels, universally measured in VKA treatment by the “interna-
tional normalized ratio” or INR (therapeutic range from 2.0 to 3.0).

The poor control of anticoagulation according to INR represents one of the 
independent predictors most related with thrombotic and bleeding complications 
showing in several trials [30].
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ing long time to benefit, will allow us to get a better adequacy of this therapy and to 
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overweigh the risk of bleeding, so OAC is not recommended, but a CHA2DS2-VASc 
score of 1 or more reverses the risk/benefit balance, and anticoagulation is clearly 
recommended with class IA indication [23, 24].

The uncertainty arises when the score is 1; as in these patients, the stroke rate 
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tion in the anticoagulation treatment [24, 25].
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ment, so this requires us to personalize decision-making, especially in elderly 
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There are several scores that help us to measure bleeding risk [26], which take 
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intention of contraindicating OAC but to modify them with our intervention, in 
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Different methods have been proposed to define VKA anticoagulation quality 
like control percentage out of therapeutic range, control cross-sectional analysis, 
and time in therapeutic range (TRT), being the last one the most widely accepted 
and related with complication incidence (stroke, bleeding, and mortality) [30].

The INR is considered suboptimal when TRT calculated by Rosendaal method 
[31] (assumes a linear progression between two INR values and calculates the 
specific INR for each day) is fewer than 65%. Actually, labile INR is one of the items 
included in HAS-BLED score, and whereas an INR value above 70% is associated 
with an optimal efficacy and security level, lower values increase stroke risk, major 
bleeding, and mortality, associating even worse prognosis than patients with NVAF 
not receiving antithrombotic treatment.

2.3 Frailty and falls

Frail elderly patients with NVAF must be considerately able to receive antico-
agulation therapy, because of their increased vulnerability and higher functional 
worsening risk and disability. It is necessary to properly distinguish in the differ-
entiation between frailty (autonomous elderly with risk of functional impairment) 
and disability (functional impairment established with a greater or lesser degree of 
autonomy) of dependency (established disability). Frailty might precede by several 
years the development of disability and other clinical outcomes and is a major risk 
factor for non-catastrophic disability [32].

The comprehensive geriatric assessment (CGA) associated with performance 
status test, like short performance physical battery (SPPB) or gait speed measure-
ment, is the suitable tool to assess an individualized therapeutic decision [33–35]. 
Once we identify a frailty elderly, we must initiate multicomponent exercise inter-
vention that has demonstrated reduction of multimorbidity, disability, dependence, 
and, thus, institutionalization and death.

Oral anticoagulation has been proposed to increase intracranial bleeding risk 
due to traumatic brain injury related with falls, and this has been used as a contra-
indication to initiate anticoagulation, increasing its under prescription as the result 
[36]. The evidence is limited because patients with falls are excluded from trials and 
also there are papers that deny that patients with OAC and higher risk of falls have 
increased risk of severe bleedings [37].

However, the benefit in patients with high risk (CHA2DS2-VASc >3) exceeds the 
risk of falls [38]. It has been estimated that a patient with anticoagulation treatment 
has to fall 295 times in a year so that the risk exceeds benefit of treatment [39]. 
Between DOACs, only edoxaban was assessed in patients with atrial fibrillation 
judged to be at increased risk of falling. No treatment interaction was observed 
between either dosing regimens of edoxaban and warfarin for the efficacy and 
safety outcomes. Treatment with edoxaban resulted in a greater absolute risk reduc-
tion in severe bleeding events and all-cause mortality compared with warfarin [40].

2.4 Polypharmacy

Polypharmacy is defined as the chronic administration of five or more drugs, 
and this may determine OAC’s choice, because risk of interactions is higher with a 
bigger number of medicines.

VKA treatments have frequent pharmacological interactions that require strict 
monitoring in disease exacerbating phases, treatment modifications, or hospital 
admission.

DOACs interact with fewer drugs and offer a more stable level of anticoagula-
tion, being indicated in patients with polypharmacy. All of them are dependent on 
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P-glycoprotein (Pgp) transport for intestinal absorption. So concomitant use of 
inhibitors of this transport (amiodarone, ketoconazole, quinidine and verapamil) is 
expected to increase absorption and plasma concentration of DOACs, and inducers 
(rifampicin and carbamacepine) led to a decrease of its. Rivaroxaban and apixaban 
are partially metabolized by cytochrome P450 (CYP3A4), so agents considered inhibi-
tors (azolic antifungals, ritonavir, and macrolides) increase the effect, and inducers 
(rifampicin, phenytoin, carbamazepine, and phenobarbital) reduce it [8, 41].

2.5 Nutritional status

Attention to nutrition is fundamental to good clinical practice. Nutrition care 
improves patient outcomes and reduces healthcare costs. The feed MEGlobal Group 
on Nutrition in Healthcare proposed Nutrition Care Pathway recommending the 
steps: screen always, intervene promptly when needed, and supervene routinely [42].

The nutritional status may affect OAC activity; thus, protein deficit and hypo-
albuminemia in malnutrition patients raise plasma OAC concentration and, there-
fore, bleeding risk. Because of that, every elderly patient with NVAF may undergo 
nutritional status assessment before to initiate oral anticoagulation. As a screening 
tool, Mini Nutritional Assessment Short Form (MNA-SF) is the one recommended 
to identify malnutrition patients and the ones in risk for it [43].

2.6 Cognitive impairment

Dementia is not an anticoagulation contraindication by itself. Factors as sever-
ity, life expectancy, and adherence to therapy must be taken into account before 
indicating antithrombotic treatment [28].

Elderly patients with mild to moderate cognitive impairment (“Global Deterioration 
Scale” or GDS <5) have not increased bleeding risk and may receive OAC [2].

Labile INR in patients with VKA is related with progression of cognitive impair-
ment; thus, we should consider to change DOACs in patients with moderate impair 
of cognitive function [8].

We do not know the bleeding risk or the benefit of anticoagulation therapy in 
patients with NVAF and severe cognitive impairment (GDS 6–7), but this phase of 
dementia is related with greater mortality and poor quality of life [33]. Therefore, 
not initiating OAC is an option if we reach an agreement with family/caregiver.

Cognitive impairment determines poor therapy adherence, so OAC should be 
initiated in patients with a responsible caregiver [2].

2.7 Mobility and disability

To evaluate the instrumental activities of daily life is useful to assess the inde-
pendence to manage the medication, and to evaluate basic activities of daily life 
determines the access to INR control. These are two essential tools that may help to 
choose DOACs because they can improve adherence and security [2].

Although there is no evidence about OAC therapy risk/benefit ratio in patients 
with severe/total functional dependence, this situation is related with increase 
short- and long-term mortality and poor quality of life [30]; thus, it is fair to not 
indicate anticoagulation in these patients.

2.8 Life expectancy

The total life expectancy and free of disability may modify anticoagulation 
attitude in the elderly with NVAF. Currently, life expectancy varies a lot around the 
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Different methods have been proposed to define VKA anticoagulation quality 
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between either dosing regimens of edoxaban and warfarin for the efficacy and 
safety outcomes. Treatment with edoxaban resulted in a greater absolute risk reduc-
tion in severe bleeding events and all-cause mortality compared with warfarin [40].
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and this may determine OAC’s choice, because risk of interactions is higher with a 
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admission.
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choose DOACs because they can improve adherence and security [2].

Although there is no evidence about OAC therapy risk/benefit ratio in patients 
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world from the higher one of 84.1 years in Japan to the lowest one of 52.2 years in 
Sierra Leone. Because of that, different tools have been designed and validated to 
assess life expectancy in order to take the right decision, not only based on age but 
also considering function, frailty, and comorbidity, among other factors. Some of 
the most used ones are Schonberg index and Lee index, both of them available in 
http://ePrognosis.ucsf.edu, and Studentski tables of life expectancy according to 
gait speed published in 2011 [44].

The time that an intervention takes until it shows efficacy (lag time to benefit) 
may be taken into account as well. Managing anticoagulation therapy, this time to 
benefit is really short, so life expectancy over 6 months is enough to justify anti-
thrombotic drug use.

3. Dosage and profile of anticoagulant agent

Different meta-analyses [19, 20, 45, 46] have evaluated clinical randomized 
trials in patients over 75 years and have shown that DOACs are as effective in ictus 
prevention as warfarin; however, there are differences between type of OAC and 
dosage in the case of ictus/thromboembolism rate, major bleeding, and intracranial 
bleeding [47, 48]. Apixaban and edoxaban demonstrated less incidence of major 
bleeding in comparison with VKA; nevertheless, rivaroxaban and dabigatran 
110 mg have similar risk. Apixaban, edoxaban, and dabigatran were associated with 
lower rates of intracranial bleeding compared to VKA [46].

Regarding gastrointestinal bleeding, in patients over 75 years, dabigatran and 
edoxaban 60 mg have demonstrated increased gastrointestinal bleeding risk in 
comparison with VKA, and there is no enough evidence in regard to apixaban and 
rivaroxaban [14, 45].

A recent review establishes that in patients older than 75 years, apixaban 5 mg 
twice a day is a first choice and rivaroxaban 20 mg once daily, edoxaban 60 mg 
once daily, and dabigatran 110 mg twice a day are second choices [49]. Given the 
increasing complexity of drug prescription in the elderly, in 2008 “Fit fOR The 
Aged (FORTA) classification” was born with intent to guide clinicians to optimize 
it. Recently, a systematic review of scientific evidence plus the application of Delphi 
method and FORTA classification has been published assessing oral anticoagulation 
in elderly patients with AF taking into account efficacy, security, and tolerability. 
Among DOACs, only apixaban was included in category A (very beneficial) because 
it shows superiority in every endpoint, including major and intracranial bleeding, 
ictus prevention, and mortality [50]. Furthermore, real-life anticoagulation [51–53] 
use trials have been published recently showing similar results to pivotal trials.

4. Special considerations for dosing in the elderly

There are no randomized clinical trials evaluating anticoagulation effective-
ness and safety of the DOACs versus VKA in the clinical situations outlined below. 
The following recommendations are based on pivotal analyses of each of the new 
anticoagulants.

4.1 Elderly patient with renal failure

Chronic renal failure is a risk factor for both stroke and systemic embolism 
and in patients with atrial fibrillation (AF) [54]. Some studies using VKA have 
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demonstrated the overall benefit of anticoagulation in patients with moderate to 
severe renal insufficiency (creatinine clearance 15–49 ml/min) despite the increased 
risk of bleeding [55].

In patients with mild to moderate renal failure, direct anticoagulants have been 
shown to decrease the incidence of systemic thromboembolism and major bleeding 
compared to VKA [56].

Regarding safety in patients with moderate renal insufficiency (CrCl 30–49 ml/
min), apixaban has been shown to significantly reduce the risk of bleeding against 
VKA. No significant differences were found between dabigatran and rivaroxaban 
versus VKA [57]. Severe renal failure (CrCl <30 ml/min) was an exclusion criterion 
in the pivotal clinical trials of DOACs.

Analyzing pharmacokinetic properties, it is important to point out that 80% of 
dabigatran is eliminated by the kidneys, while in the case of rivaroxaban, apixaban, 
and edoxaban, the renal clearance is 35, 25, and 50, respectively. Based on this, 
dabigatran is contraindicated in patients with CrCl<30 ml/min and all “anti-factor 
X” when the CrCl is less than 15 ml/min [15].

In patients with severe renal failure (CrCl <15 ml/min), including dialysis 
patients, clinical guidelines suggest not to anticoagulate [15].

4.2 Elderly patient with liver failure

Metabolism through cytochrome P450 (CYP3A4) is null or insignificant in 
dabigatran and edoxaban, about 25% in apixaban and 30% in rivaroxaban.

In mild hepatic insufficiency with no alteration of coagulation, the use of 
DOACs is safe, although it is recommended to avoid concomitant use with other 
drugs that are metabolized by CYP or glycoprotein P [58]. Moderate to severe 
hepatic failure (Child-Pugh B or C) is a contraindication for anticoagulation with 
both VKA and DOACs.

4.3 Elderly patient with malnutrition or dysphagia

Unlike VKA, DOACs do not interact with elements of the diet. Data available 
for elderly people with low weight and corporal mass index are poor. Current 
recommendations subscribe not to modify the doses of rivaroxaban or dabigatran 
in patients with low weight. In patients with <60 kg, the dose of edoxaban should 
be set (30 mg/24 h) and is one of the two criteria necessary to recommend the dose 
reduction of apixaban (2.5 mg/12 h) [48].

The DOAC binding-protein coefficient is variable: 35% dabigatran, 50% 
edoxaban, 90% apixaban, and > 90% rivaroxaban [58]. There are no specific 
recommendations in this regard, and the published data do not indicate to modify 
the doses [15].

4.4 Elderly patient with a history of bleeding

In elderly patients with an episode of major bleeding, whether intracranial or 
digestive, in treatment with anticoagulants, it is recommended to individualize the 
decision of restarting anticoagulation, based on several conditions such as age, con-
trol of blood pressure, the origin of bleeding, suitable anticoagulation at the time 
of the bleeding, the need for antiplatelet therapy, the risk of ischemic stroke, and, 
in the case of intracranial origin, the location and severity of it. Anticoagulation 
should be initiated after treatment of the cause, with anticoagulants with a low risk 
of bleeding, waiting 4–8 weeks if the origin was intracranial [49].
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4.5 Elderly patient with cancer or terminal organ disease

There is no available evidence to establish recommendations on anticoagulant 
therapy in elderly patients with atrial fibrillation and cancer or terminal organ 
disease. In cancer patients with atrial fibrillation, the low efficacy and safety of 
VKA have been documented given the interactions with cancer treatment [55]. 
In this scenario, DOACs could provide great advantages due to their predictable 
action at fixed doses. Possible limitations would come from the hemorrhagic risk, 
especially in gastrointestinal and central nervous system tumors, and the potential 
interactions with antineoplastic treatment, especially if metabolized via CYP or 
glycoprotein P. In the case of terminal organ disease, the prescription of drugs that 
prolong life or prevent disability should be avoided or interrupted, especially if the 
time necessary to obtain the benefit exceeds life expectancy. With regard to anti-
coagulants, it is recommended to suspend whenever the life expectancy is less than 
6 months and is not a case of high thromboembolic risk [2, 59, 60].

4.6 Elderly patient during the perioperative period and surgery

DOACs, unlike VKA, can be maintained perioperatively, without the need for 
bridging therapy with heparin, given that their half-life is short, and the antico-
agulant effect decreases rapidly after stopping the drug. Taking into account renal 
function and the risk of bleeding from surgery, a safety time period prior to the 
intervention can be established without the need for biological control [61].

In invasive procedures with low or moderate risk of bleeding, the anti-factor Xa 
must be suspended 24 hours before the intervention and 36 hours, in the event of 
severe renal insufficiency (CrCl <30 ml/min). In the case of dabigatran, the with-
drawal should be 24–48 hours before, depending on the glomerular filtration rate. 
In high-risk bleeding procedures, anti-factor Xa must be discontinued 48 hours 
before the intervention and dabigatran 48–96 hours according to the glomerular 
filtration rate.

If urgent intervention is required, the procedure should be delayed at least the 
half-life of the drug (approximately 12 hours average) provided there is an end of 
effect parallel to the half-life (dabigatran, apixaban, and edoxaban) and consid-
ering the degree of renal elimination (25% apixaban, 50% edoxaban, and 80% 
dabigatran).

If this is not possible, there is an increased risk of bleeding that must be assessed 
against the urgency of the intervention. Prothrombin complex concentrates or 
recombinant factor VIIa should be used only in the event of significant hemorrhage, 
and not for prophylactic reversal [62]. In 2015, the European Medicine Agency 
approved the use of idarucizumab, a humanized monoclonal antibody, to reverse 
the effects of dabigatran in life-threatening bleeding episodes. Although not yet 
commercialized in Europe [63], the use of andexanet alfa has been tested for the 
reversal of the effects of the factor Xa inhibitors with favorable and promising 
results in elderly patients, still awaiting approval [64].

The resumption of treatment will depend on the postoperative hemorrhagic 
risk. In the case of major or urological abdominal surgery, we should wait for the 
absence of active hemorrhage visualized by the drainages. In procedures with good 
hemostasis, it can be restarted 6 hours after the intervention, but normally the 
indications are to restart anticoagulation 24 hours after the intervention; unless 
there is a high risk of bleeding, then it is suitable to wait 48/72 hours [65].

In dental extractions and other dental procedures, there is currently no knowl-
edge enough to establish recommendations with a high level of evidence. In the 
bibliography, being a low-risk procedure, it recommends limiting the extractions 
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to a maximum of two or three pieces and not stopping the anticoagulant treatment. 
It is recommended to perform the intervention about 12 hours after the last dose 
and not to take the next dose of DOAC until a good hemostasis is achieved, around 
6 hours later [66].

4.7 Nonagenarian and centennial patients

There are no data available on the efficacy and safety of DOACs in nonagenar-
ian and centennial patients [67]. As age increases, the risk of atrial fibrillation 
and embolism increases but also of bleeding [68]. Apixaban is the DOAC that has 
less renal elimination, and, compared to the VKA, apixaban and edoxaban at low 
doses (30 mg) are those that had lower rates of major hemorrhages in this age 
group, although the latter was less effective in the prevention of ischemic stroke. A 
subanalysis of the ARISTOTLE study concludes that patients with atrial fibrillation 
and a single associated factor (advanced age, low body weight, or renal dysfunc-
tion) have an increased risk of stroke or systemic embolism and major bleeding but 
show consistent benefits with the dose of 5 mg twice daily of apixaban vs. warfarin 
compared to patients without these characteristics. The dose of apixaban 5 mg twice 
daily is safe, effective, and appropriate for patients with only one dose-reduction 
criterion [69]. There is a study that indicates that there is an increased risk of 
ischemic stroke or systemic embolic event, in patients with a dose of apixaban  
2.5 versus warfarin [70].

4.8 Elderly patient with poor therapeutic compliance or social isolation

The lack of adherence to chronic treatment with oral anticoagulants increases 
the risk of thromboembolic and hemorrhagic complications [71]. Multiple reasons 
have been described associated with the lack of adherence to anticoagulant treat-
ment in the elderly, such as neuropsychiatric pathology, social situation, or lack 
of understanding of the disease [72]. DOACs present the advantages of the fixed 
dosage and do not need monitoring, which could improve the adherence and 
persistence of the treatment [71, 73, 74].

However, the transition from VKA to DOAC has not always been shown to 
ensure therapeutic compliance, which is even more important since this pharma-
cological group has a shorter half-life than VKA [22]. Therefore, an analysis of the 
reasons for nonadherence should always be performed before taking the anticoagu-
lation decision and choosing the type of anticoagulant [1–31, 33–39, 43–69, 75–77] 
as well as, if indicated, carrying out strategies to ensure compliance with long-term 
treatment, regardless of the type of anticoagulant [78].

It is known that therapeutic regimens of a single dose per day can improve 
adherence [79], although this aspect is questioned given the variability of drug 
concentration and the risk of events when a dose is forgotten [80].

5.  Comprehensive geriatric assessment before making a decision  
about OAC

As a result of what was previously exposed, it has been proposed to carry out 
a complete comprehensive geriatric assessment before to initiate anticoagulation 
treatment in people over 75 years with NVAF. The first step would be to assess a 
Barthel Index and Reisberg’s GDS scale as represented in Figure 2 [75]. Apart from the 
presence of Barthel Index ≥85 or GDS scale ≤5, it is also recommended to assess the 
short physical performance battery (SPPB) to identify frailty [35]. If frailty condition 
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4.5 Elderly patient with cancer or terminal organ disease

There is no available evidence to establish recommendations on anticoagulant 
therapy in elderly patients with atrial fibrillation and cancer or terminal organ 
disease. In cancer patients with atrial fibrillation, the low efficacy and safety of 
VKA have been documented given the interactions with cancer treatment [55]. 
In this scenario, DOACs could provide great advantages due to their predictable 
action at fixed doses. Possible limitations would come from the hemorrhagic risk, 
especially in gastrointestinal and central nervous system tumors, and the potential 
interactions with antineoplastic treatment, especially if metabolized via CYP or 
glycoprotein P. In the case of terminal organ disease, the prescription of drugs that 
prolong life or prevent disability should be avoided or interrupted, especially if the 
time necessary to obtain the benefit exceeds life expectancy. With regard to anti-
coagulants, it is recommended to suspend whenever the life expectancy is less than 
6 months and is not a case of high thromboembolic risk [2, 59, 60].

4.6 Elderly patient during the perioperative period and surgery

DOACs, unlike VKA, can be maintained perioperatively, without the need for 
bridging therapy with heparin, given that their half-life is short, and the antico-
agulant effect decreases rapidly after stopping the drug. Taking into account renal 
function and the risk of bleeding from surgery, a safety time period prior to the 
intervention can be established without the need for biological control [61].

In invasive procedures with low or moderate risk of bleeding, the anti-factor Xa 
must be suspended 24 hours before the intervention and 36 hours, in the event of 
severe renal insufficiency (CrCl <30 ml/min). In the case of dabigatran, the with-
drawal should be 24–48 hours before, depending on the glomerular filtration rate. 
In high-risk bleeding procedures, anti-factor Xa must be discontinued 48 hours 
before the intervention and dabigatran 48–96 hours according to the glomerular 
filtration rate.

If urgent intervention is required, the procedure should be delayed at least the 
half-life of the drug (approximately 12 hours average) provided there is an end of 
effect parallel to the half-life (dabigatran, apixaban, and edoxaban) and consid-
ering the degree of renal elimination (25% apixaban, 50% edoxaban, and 80% 
dabigatran).

If this is not possible, there is an increased risk of bleeding that must be assessed 
against the urgency of the intervention. Prothrombin complex concentrates or 
recombinant factor VIIa should be used only in the event of significant hemorrhage, 
and not for prophylactic reversal [62]. In 2015, the European Medicine Agency 
approved the use of idarucizumab, a humanized monoclonal antibody, to reverse 
the effects of dabigatran in life-threatening bleeding episodes. Although not yet 
commercialized in Europe [63], the use of andexanet alfa has been tested for the 
reversal of the effects of the factor Xa inhibitors with favorable and promising 
results in elderly patients, still awaiting approval [64].

The resumption of treatment will depend on the postoperative hemorrhagic 
risk. In the case of major or urological abdominal surgery, we should wait for the 
absence of active hemorrhage visualized by the drainages. In procedures with good 
hemostasis, it can be restarted 6 hours after the intervention, but normally the 
indications are to restart anticoagulation 24 hours after the intervention; unless 
there is a high risk of bleeding, then it is suitable to wait 48/72 hours [65].

In dental extractions and other dental procedures, there is currently no knowl-
edge enough to establish recommendations with a high level of evidence. In the 
bibliography, being a low-risk procedure, it recommends limiting the extractions 
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to a maximum of two or three pieces and not stopping the anticoagulant treatment. 
It is recommended to perform the intervention about 12 hours after the last dose 
and not to take the next dose of DOAC until a good hemostasis is achieved, around 
6 hours later [66].

4.7 Nonagenarian and centennial patients
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doses (30 mg) are those that had lower rates of major hemorrhages in this age 
group, although the latter was less effective in the prevention of ischemic stroke. A 
subanalysis of the ARISTOTLE study concludes that patients with atrial fibrillation 
and a single associated factor (advanced age, low body weight, or renal dysfunc-
tion) have an increased risk of stroke or systemic embolism and major bleeding but 
show consistent benefits with the dose of 5 mg twice daily of apixaban vs. warfarin 
compared to patients without these characteristics. The dose of apixaban 5 mg twice 
daily is safe, effective, and appropriate for patients with only one dose-reduction 
criterion [69]. There is a study that indicates that there is an increased risk of 
ischemic stroke or systemic embolic event, in patients with a dose of apixaban  
2.5 versus warfarin [70].

4.8 Elderly patient with poor therapeutic compliance or social isolation

The lack of adherence to chronic treatment with oral anticoagulants increases 
the risk of thromboembolic and hemorrhagic complications [71]. Multiple reasons 
have been described associated with the lack of adherence to anticoagulant treat-
ment in the elderly, such as neuropsychiatric pathology, social situation, or lack 
of understanding of the disease [72]. DOACs present the advantages of the fixed 
dosage and do not need monitoring, which could improve the adherence and 
persistence of the treatment [71, 73, 74].

However, the transition from VKA to DOAC has not always been shown to 
ensure therapeutic compliance, which is even more important since this pharma-
cological group has a shorter half-life than VKA [22]. Therefore, an analysis of the 
reasons for nonadherence should always be performed before taking the anticoagu-
lation decision and choosing the type of anticoagulant [1–31, 33–39, 43–69, 75–77] 
as well as, if indicated, carrying out strategies to ensure compliance with long-term 
treatment, regardless of the type of anticoagulant [78].

It is known that therapeutic regimens of a single dose per day can improve 
adherence [79], although this aspect is questioned given the variability of drug 
concentration and the risk of events when a dose is forgotten [80].

5.  Comprehensive geriatric assessment before making a decision  
about OAC

As a result of what was previously exposed, it has been proposed to carry out 
a complete comprehensive geriatric assessment before to initiate anticoagulation 
treatment in people over 75 years with NVAF. The first step would be to assess a 
Barthel Index and Reisberg’s GDS scale as represented in Figure 2 [75]. Apart from the 
presence of Barthel Index ≥85 or GDS scale ≤5, it is also recommended to assess the 
short physical performance battery (SPPB) to identify frailty [35]. If frailty condition 
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was detected, Barthel Index is between 25 and 80, or if GDS scale is 6, it is necessary 
to include a comprehensive geriatric assessment with a Mini Nutritional Assessment 
Short Form (MNA-SF®) [43] for nutritional status, CIRS-G scale [76] to evaluate 
comorbidity], and STOPP/START criteria [77] to assess falling risk and polypharmacy 
and to identify potentially inappropriate medicines. Personalized anticoagulation use 
is the most important approach (Table 1).

6. Summary box

• The selection of the anticoagulant drug and its dose should be carried out 
individually and carefully, taking into account clinical, geriatric criteria, and 
the preferences of the patient.

• It seems reasonable that patients who do not receive such treatment should be 
limited to those with an obvious contraindication and those who are consid-
ered in short value because they are in the last days of their lives with very high 
competitive risks.

• In patients >75 years old, DOACs as a class were superior to warfarin with 
respect to both efficacy and safety, showing similar efficacy in the prevention 
of stroke and systemic embolization between them but with lowest risk of 
major bleeding for apixaban and lower rates of intracranial hemorrhage for 
apixaban, edoxaban, and dabigatran (than rivaroxaban or warfarin).

CGA Approach

CIRS-G Prioritization

MNA-SF Nutritional supplementation

Falls Falling risk factor assessment
Multicomponent exercise

Polypharmacy STOPP/START

Table 1. 
Comprehensive geriatric assessment and possible approaches before OAC.

Figure 2. 
Algorithm deciding oral anticoagulation in older patients. Modified from Petidier et al. [75].
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Abstract

Atrial fibrillation (AF) represents the most common sustained heart rhythm 
abnormality. It presents in paroxysmal and persistent forms. The pathogenesis of 
AF is still debatable with several proposed mechanisms. The main pathway for 
diagnosis of AF is through electrocardiographic record. Treatment strategies can 
be divided into two strategies: rate and rhythm control. For rhythm control, antiar-
rhythmic drugs, direct current cardioversion, and electrophysiological ablation 
are used, while for rate control, chronotropic drugs are being used, while AV node 
ablation is required in order to reduce rapid ventricular rate, which is often observed 
in patients with AF. The rhythm control strategy implies the use of cardioversion to 
convert AF to normal, sinus rhythm. Cardioversion can be either pharmacological 
or electrical. Rate control strategy can be implied to patients with permanent AF but 
should also imply for the patients with paroxysmal AF when relapse occurs. Rapid 
ventricular rates can cause palpitations or even a syncope and other rate-related 
symptoms; however, these high ventricular rates lead to degradation of left ventricle 
performance, mitral regurgitation, and further dilatation of the left atrium. The 
main antiarrhythmic drugs used in treatment of AF are propafenone, flecainide, 
beta-blockers, amiodarone, dronedarone, dofetilide, vernakalant, and ranolazine.

Keywords: atrial fibrillation, antiarrhythmic drugs, propafenone, flecainide, 
amiodarone, dronedarone, dofetilide

1. Introduction

Atrial fibrillation (AF) represents the most common sustained heart rhythm 
abnormality, one of the most common cardiovascular diseases and a major cause 
of stroke in developed countries. It presents in paroxysmal and persistent forms. 
Paroxysmal form of AF is defined with a duration less than 7 days and can termi-
nate spontaneously, while persistent forms are further classified as persistent and 
permanent forms with a duration of greater than 7 days with only difference in 
possibility of conversion to normal, sinus rhythm; in persistent form conversion to 
sinus rhythm is possible, while in permanent form, conversion to normal rhythm is 
not possible.

Atrial fibrillation can occur in isolated form (without associated comorbidities), 
yet it is more commonly seen with other cardiovascular diseases, cardiomyopathies, 
hypertension, diabetes mellitus, and obesity. When seen in association with these 
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comorbidities, atrial fibrillation deeply affects quality of life and increases mortal-
ity and morbidity [1].

AF affects 1–1.5% of the population in the developed world with approximately 
3 million people with a diagnosis of AF in the USA [2]. The prevalence and inci-
dence of AF are sharply increased with age with a rise from 0.7% in the age group 
of 55–59 years to 17.8% in those aged 85 years or above. With such a big prevalence, 
treatment of AF represents a significant burden to the healthcare systems. The data 
from the US databases from 2001 showed the estimated total annual cost of AF 
treatment at 6.65 billion US$ [3].

The pathogenesis of AF is still debatable with several proposed mechanisms. The 
traditional theory suggests multiple reentrant atrial activation by migrating wave-
lets and contraction rate of 350–900 beats per minute [4, 5]. Several animal models 
have shown that AF is triggered by a focal source, which rapidly fires signals and is 
usually found in superior pulmonary veins. It stimulates multiple wavelet reentry 
mechanism within the atrial substrate or engages a spiral or rotor for the reentry 
[6–8]. Research also showed that in patients with AF, there is a sympathetic pre-
dominance over parasympathetic; however, in certain patients, it can be character-
ized with predominance of vagal or an adrenergic form of AF [9]. Besides that, AF 
can be related to temporary causes, such as drugs, alcohol, thyrotoxicosis, surgery, 
myocardial infarction, myocarditis, pericarditis, pulmonary embolism, and others. 
Obesity, sleep apnea and metabolic syndrome have also been linked to AF. Besides 
temporary causes, AF can be associated with permanent heart disease, such as 
valvular disease in which context AF is called valvular AF. Coronary heart disease, 
heart failure, hypertension, left ventricular hypertrophy, all forms of cardiomy-
opathies, and cardiac tumors have been associated with a high incidence of AF and 
carry a worse prognosis when compared to isolated form of AF. As mentioned, AF 
can occur in isolated or familial forms, without apparent identifiable underlying 
disease [3].

The main pathway for diagnosis of AF is through electrocardiographic record. 
A first-detected or recorded episode of AF is defined as the first one, despite the 
fact whether the patient was symptomatic or not and the possibility of the previ-
ous undetected episodes. Presentation of the patients with AF can differ, from 
with vague non-specific symptoms to thromboembolic consequences. Generally 
speaking, symptoms of AF depend of the rate of ventricular response, irregularity 
of the rhythm, functional status, duration of AF, and many more factors. As previ-
ously noted, the diagnosis of AF requires 12-lead electrocardiographic documenta-
tion or ambulatory Holter monitoring (especially in patients with daily paroxysms, 
but its usefulness is less in patients who have paroxysms at intervals more than 
24 h). In patients with paroxysm with intervals that are greater than 24 h, implant-
able loop record devices, such as Reveal LINQ or CONFIRM, are used, as well as 
atrial high-rate episode recordings in patients with implantable dual-chamber 
pacemakers [1, 3].

2. Treatment strategies

Before initiating a treatment in patient with AF, we should first consider the 
probability of reoccurrence and/or persistence of the arrhythmia as well as patient 
symptomatology. Treatment strategies can be rate and rhythm control. For rhythm 
control, antiarrhythmic drugs, direct current cardioversion, and electrophysiologi-
cal ablation are used, while for rate control, chronotropic drugs are being used, 
while AV node ablation is required in order to reduce rapid ventricular rate response 
which is often observed in patients with AF.
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2.1 Rhythm control strategy

The rhythm control strategy implies the use of cardioversion to convert AF to 
normal, sinus rhythm. Cardioversion can be either pharmacological or electrical. 
Depending on the factors that lead to AF, not all attempts of cardioversion are 
successful, with about 50% of patients reverting to AF within a year of cardiover-
sion [10]. Pharmacological cardioversion is preferred over electrical, especially 
in patients who present with AF within 48 h, while electrical is a standard proce-
dure for AF with duration of more than 48 h. Rhythm control strategy by using 
antiarrhythmic drugs is an essential part in management of AF whose goals are 
prevention of reoccurrence and modification of recurrences by making them less 
symptomatic, less frequent, and less sustained [3].

Patients with persistent AF should be considered for either pharmacological 
or direct current cardioversion (DCCV) despite symptomatology, unless there are 
contraindications. Antiarrhythmic drugs may be prescribed to patients before and/
or after successful DCCV for a period of time in order to prevent reoccurrence of 
AF. The use of antiarrhythmic drugs before DC conversion can also improve suc-
cessfulness of DC conversion by prolongation of atrial refractoriness [11]. Besides 
antiarrhythmic drugs, patients may also require antithrombotic therapy. The 
recommendations for anticoagulation therapy are the same for both pharmacologi-
cal and electrical cardioversion.

Antiarrhythmic drugs express their effect by blocking ion channels by which 
they affect atrial or junctional automaticity or refractoriness. By this mechanism, 
antiarrhythmic drugs suppress the trigger of AF (frequent atrial premature beats, 
rapid atrial tachycardia, etc.). Besides that, these drugs decrease excitability and 
conduction velocity by discouraging reentry mechanism or by changing autonomic 
stimulation (such as beta-blockers).

Side effect profiles, safety, and underlying heart diseases and their nature influ-
ence the choice of antiarrhythmic drugs; however, drugs with the greatest effects are 
also the ones that have bigger proarrhythmic effects and negative inotropic effects.

In the most cases, optimal beta-blockade represents the first line or is already 
administered for underlying heart diseases or for ventricular rate control in AF. If 
beta-blockers fail in rhythm control strategy or are contraindicated, a specific 
antiarrhythmic drug may be used. The selection of specific antiarrhythmic drug 
depends mostly on associated cardiovascular disease. Typically, patients can be 
divided into four categories: those with no or minimal heart disease, hypertensive 
heart (with or without significant left ventricular hypertrophy), ischemic heart dis-
ease, and heart failure. Also, besides this classification, patients can also be divided 
into two categories according to the presence of heart failure with reduced ejection 
fraction (ejection fraction <35%) or not (ejection fraction >35%) [1].

In patients with no or minimal heart disease, generally flecainide and propafe-
none are the first-line drugs. Dofetilide and dronedarone are the second-line drugs; 
since monitoring is required and expenses are high, amiodarone is reserved as the 
last-line therapy, while sotalol is being avoided because of the need for hospitaliza-
tion and acquired long QT syndrome. Figure 1 shows the optimal choice of antiar-
rhythmic drugs according to the underlying heart disease.

For patients who have left ventricular hypertrophy and AF, only two drugs are 
available: dronedarone and amiodarone. Thus, in patients with severe hypertrophy, 
there is only sufficient clinical experience with amiodarone. Sotalol and dofetilide 
should be avoided in the presence of significant left ventricular hypertrophy, since 
there is significant risk of QT prolongation and development of malignant arrhyth-
mias. Antiarrhythmics of class Ic (propafenone and flecainide) are also not used 
because of proarrhythmic effect.
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Patients with coronary artery disease and paroxysmal or persistent AF should be 
treated with sotalol, amiodarone, or dronedarone, since they are both anti-ischemic 
and antiarrhythmic; however, sometimes sotalol and dronedarone are avoided 
because of proarrhythmic risk or progression to permanent AF. Propafenone 
and flecainide are contraindicated in patients with coronary artery disease since 
increased mortality was observed in the Cardiac Arrhythmia Suppression Trial 
(CAST) in patients with post-myocardial infarction with active ischemia [12].

For patients with heart failure and paroxysmal and persistent AF, only amioda-
rone and dronedarone can be considered for all grades of heart failure. However, 
dronedarone should be avoided in patients with recently unstable New York Heart 
Association (NYHA) class IV heart failure, particularly in patients with ejection 
fraction of left ventricle less than 35%. Even though there is no or little alternative 
to amiodarone for patients with heart failure in Europe, there are some concerns 
regarding the use of amiodarone in NYHA class III heart failure.

For acute pharmacological cardioversion, oral or intravenous antiarrhythmics 
with class Ic (flecainide and propafenone) or III (amiodarone, ibutilide, and dofeti-
lide) can be used or new, atrial selective agent—vernakalant [3]. Depending on the 
agent as well as factors that lead to the development of AF, the rate of successful 
conversion to normal, sinus rhythm differs [13]. Out-of-hospital conversion of AF 
can also be achieved in patients with persistent AF with pill-in-the-pocket strategy 
which consists of self-administration of single oral dose of class Ic antiarrhythmics 
on the onset of symptoms of AF.

Assessment of rhythm control strategy should not be led by the presence or 
absence of symptoms since many clinical trials concluded that there is often little 
or no association between symptoms and reoccurrence of AF; therefore, prolonged 
monitoring is advised. In situation where patient is adequately anticoagulated, 
frequent visits are not necessary; however, if the initiation of anticoagulation 
therapy is based on the frequency of arrhythmia episodes, detailed and prolonged 
monitoring is required (24 h ECG Holter monitoring, 48 h ECG Holter monitoring, 
7-day ECG Holter monitoring or implantable loop recorded implantation).

Figure 1. 
Optimal choice of antiarrhythmic drug in different clinical settings [modified from Shenasa and Camm [1]].
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2.2 Rate control strategy

In patients with permanent AF, control of the ventricular response rate is 
important, since a lot research suggested that high heart rates were associated with 
poor outcomes in the terms of mortality. Besides patients with permanent AF, the 
rate control strategy should be also implied for the patients with paroxysmal AF 
when relapse occurs, especially if the patients are symptomatic or hemodynamically 
compromised by it. Rapid ventricular rates can cause palpitations or even a syncope 
and other rate-related symptoms; however, these high ventricular rates lead to 
degradation of left ventricle performance, mitral regurgitation, and further dilata-
tion of the left atrium. If the heart rate exceeds 125 beats per minute, even a normal 
ventricle may dilate, but in patients with impaired left ventricle function, even less 
heart rates can cause further dilatation. On the other hand, the loss of atrial con-
traction (observed in patients with AF), which approximately accounts for 20–30% 
of the total stroke volume of left ventricle, leads to further reduction in cardiac 
output. Besides these two mechanisms, irregularity in ventricle rhythm addition-
ally impairs left ventricle function. That is why the goal of rate control strategy is 
heart rate below 115 beats per minute in light and/or moderate physical activity and 
below 80 beats per minute in rest. However, sometimes ventricle rates at rest do not 
adequately represent effective control during exercise [1, 14].

Principles of rate control strategy may be easy to implement in patients with 
permanent AF and then in those with paroxysmal or persistent form since the con-
trol of the heart rate in arrhythmia and in sinus rhythm can and are often different, 
especially in patients with dysfunction of sinus node. In these circumstances, symp-
tomatic bradycardia with long sinus pauses can occur. In these patients, heart rate 
support is needed, and implantation of dual-chamber pacemaker is often needed. 
Therefore, the main reason for rate control strategy in patients with intermittent AF 
is failure to find adequate blend of the effect on heart rate during AF and when sinus 
rhythm occurs. It should be noted that effects of different antiarrhythmic drugs 
have different effects on AV node, whereas beta-blockers have less marked effect on 
AV node than calcium channel blockers and cause sinus bradycardia more often.

Three different classes of drugs are being used for rate control: digitalis, calcium 
channel blockers, and beta-blockers. Beta-blockers and calcium channel blockers are 
preferred over digitalis and should be used in most of the patients with chronic AF 
without heart failure, while in patients with chronic AF and heart failure, digoxin 
or amiodarone should be used in order to control ventricular rate. By using digitalis, 
adequate control of exercise heart rate is rarely achieved, so in patients who are mildly 
to moderately physically active, there will be no benefit. Digitalis is also less effica-
cious than amiodarone and calcium channel blockers and in some studies even beta-
blockers. Most patients should be treated with beta-blocker (usually beta-2 specific 
beta-blocker like bisoprolol, metoprolol, carvedilol, or nebivolol) or calcium channel 
blocker with rate-limiting effect, such as verapamil or diltiazem. In patients whom 
adequate control of heart rate is not achieved, a combination of drugs is needed; how-
ever, it is not advised in patients with reduced left ventricle function. Amiodarone 
is reserved as a last-line therapy, especially for patients with heart failure and with 
reduced ejection fraction. It is a powerful and very effective heart rate-limiting drug, 
but many adverse effects are the main drawback of amiodarone therapy [15–18] .

Besides traditional therapy for rate control, in patients with AF and in whom 
rate is not adequately achieved, the use of sotalol and amiodarone can slow the AV 
conduction, but they are not commonly used for long-term rate control because of 
the proarrhythmic risk. In situations where rapid control of heart rate is needed, 
oral administration is not feasible, but intravenous administration of diltiazem 
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treated with sotalol, amiodarone, or dronedarone, since they are both anti-ischemic 
and antiarrhythmic; however, sometimes sotalol and dronedarone are avoided 
because of proarrhythmic risk or progression to permanent AF. Propafenone 
and flecainide are contraindicated in patients with coronary artery disease since 
increased mortality was observed in the Cardiac Arrhythmia Suppression Trial 
(CAST) in patients with post-myocardial infarction with active ischemia [12].

For patients with heart failure and paroxysmal and persistent AF, only amioda-
rone and dronedarone can be considered for all grades of heart failure. However, 
dronedarone should be avoided in patients with recently unstable New York Heart 
Association (NYHA) class IV heart failure, particularly in patients with ejection 
fraction of left ventricle less than 35%. Even though there is no or little alternative 
to amiodarone for patients with heart failure in Europe, there are some concerns 
regarding the use of amiodarone in NYHA class III heart failure.

For acute pharmacological cardioversion, oral or intravenous antiarrhythmics 
with class Ic (flecainide and propafenone) or III (amiodarone, ibutilide, and dofeti-
lide) can be used or new, atrial selective agent—vernakalant [3]. Depending on the 
agent as well as factors that lead to the development of AF, the rate of successful 
conversion to normal, sinus rhythm differs [13]. Out-of-hospital conversion of AF 
can also be achieved in patients with persistent AF with pill-in-the-pocket strategy 
which consists of self-administration of single oral dose of class Ic antiarrhythmics 
on the onset of symptoms of AF.

Assessment of rhythm control strategy should not be led by the presence or 
absence of symptoms since many clinical trials concluded that there is often little 
or no association between symptoms and reoccurrence of AF; therefore, prolonged 
monitoring is advised. In situation where patient is adequately anticoagulated, 
frequent visits are not necessary; however, if the initiation of anticoagulation 
therapy is based on the frequency of arrhythmia episodes, detailed and prolonged 
monitoring is required (24 h ECG Holter monitoring, 48 h ECG Holter monitoring, 
7-day ECG Holter monitoring or implantable loop recorded implantation).

Figure 1. 
Optimal choice of antiarrhythmic drug in different clinical settings [modified from Shenasa and Camm [1]].
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2.2 Rate control strategy

In patients with permanent AF, control of the ventricular response rate is 
important, since a lot research suggested that high heart rates were associated with 
poor outcomes in the terms of mortality. Besides patients with permanent AF, the 
rate control strategy should be also implied for the patients with paroxysmal AF 
when relapse occurs, especially if the patients are symptomatic or hemodynamically 
compromised by it. Rapid ventricular rates can cause palpitations or even a syncope 
and other rate-related symptoms; however, these high ventricular rates lead to 
degradation of left ventricle performance, mitral regurgitation, and further dilata-
tion of the left atrium. If the heart rate exceeds 125 beats per minute, even a normal 
ventricle may dilate, but in patients with impaired left ventricle function, even less 
heart rates can cause further dilatation. On the other hand, the loss of atrial con-
traction (observed in patients with AF), which approximately accounts for 20–30% 
of the total stroke volume of left ventricle, leads to further reduction in cardiac 
output. Besides these two mechanisms, irregularity in ventricle rhythm addition-
ally impairs left ventricle function. That is why the goal of rate control strategy is 
heart rate below 115 beats per minute in light and/or moderate physical activity and 
below 80 beats per minute in rest. However, sometimes ventricle rates at rest do not 
adequately represent effective control during exercise [1, 14].

Principles of rate control strategy may be easy to implement in patients with 
permanent AF and then in those with paroxysmal or persistent form since the con-
trol of the heart rate in arrhythmia and in sinus rhythm can and are often different, 
especially in patients with dysfunction of sinus node. In these circumstances, symp-
tomatic bradycardia with long sinus pauses can occur. In these patients, heart rate 
support is needed, and implantation of dual-chamber pacemaker is often needed. 
Therefore, the main reason for rate control strategy in patients with intermittent AF 
is failure to find adequate blend of the effect on heart rate during AF and when sinus 
rhythm occurs. It should be noted that effects of different antiarrhythmic drugs 
have different effects on AV node, whereas beta-blockers have less marked effect on 
AV node than calcium channel blockers and cause sinus bradycardia more often.

Three different classes of drugs are being used for rate control: digitalis, calcium 
channel blockers, and beta-blockers. Beta-blockers and calcium channel blockers are 
preferred over digitalis and should be used in most of the patients with chronic AF 
without heart failure, while in patients with chronic AF and heart failure, digoxin 
or amiodarone should be used in order to control ventricular rate. By using digitalis, 
adequate control of exercise heart rate is rarely achieved, so in patients who are mildly 
to moderately physically active, there will be no benefit. Digitalis is also less effica-
cious than amiodarone and calcium channel blockers and in some studies even beta-
blockers. Most patients should be treated with beta-blocker (usually beta-2 specific 
beta-blocker like bisoprolol, metoprolol, carvedilol, or nebivolol) or calcium channel 
blocker with rate-limiting effect, such as verapamil or diltiazem. In patients whom 
adequate control of heart rate is not achieved, a combination of drugs is needed; how-
ever, it is not advised in patients with reduced left ventricle function. Amiodarone 
is reserved as a last-line therapy, especially for patients with heart failure and with 
reduced ejection fraction. It is a powerful and very effective heart rate-limiting drug, 
but many adverse effects are the main drawback of amiodarone therapy [15–18] .

Besides traditional therapy for rate control, in patients with AF and in whom 
rate is not adequately achieved, the use of sotalol and amiodarone can slow the AV 
conduction, but they are not commonly used for long-term rate control because of 
the proarrhythmic risk. In situations where rapid control of heart rate is needed, 
oral administration is not feasible, but intravenous administration of diltiazem 
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can be considered, while in patients without heart failure or accessory pathways, 
intravenous beta-blockers (esmolol, metoprolol, and propranolol), diltiazem, and 
verapamil may be used. If the patient has accessory pathway, only intravenous 
amiodarone is indicated [3].

The doses of drugs used for rate control strategy are given in Table 1 [1].
If the rate control cannot be established, interventional approach can also be 

performed by ablation of AV node/His bundle alongside with implantation of 
pacemaker.

For the assessment of rate control strategy, palpation of the radial pulse with 
auscultation of heart murmurs, and electrocardiography can be easily obtained 
and provide sufficient information for most of the patients. If needed, 6 min walk 
test or 24 h ambulatory Holter ECG monitoring can be implemented giving more 
reliable information regarding resting and exercise heart rate.

2.3 Direct current cardioversion

Prior to DC conversion it is important to evaluate each patient for appropriate-
ness, maintaining normal, sinus rhythm thereafter, as well as probability of success-
ful cardioversion [3]. Several factors can influence success of the cardioversion and/
or reoccurrence of AF, such as age, underlying valve disease, duration of AF, size of 
the left atrium, low functional class, and possibility of concomitant administration 
of antiarrhythmic drugs. DC cardioversion has been extensively used with vitamin 
K-dependent anticoagulants (VKAs), while more recently direct oral anticoagulants 
(DOACs) have been also used for thromboembolic prevention in patients who are 
undergoing DC conversion.

DC cardioversion is being performed short-acting general anesthetics or under 
heavy sedation, while assessment of potassium levels and therapeutic levels of digoxin 
is indicated in all patients, since hypokalemia and supratherapeutic levels of digoxin can 
precipitate ventricular arrhythmias in patients with DC cardioversion. Synchronization 
is used to avoid discharging on T waves since it can result in ventricular arrhythmias. 

Drug Average dose Clinical setting Adverse effects

Digoxin Loading dose: 
250 mcg every 2 h; 
up to 1500 mcg
Maintenance dose: 
125–250 mcg daily

As monotherapy 
in elderly patients; 
not physically active 
patients

Bradycardia; AV blocks; 
proarrhythmic

Bisoprolol 5–10 mg daily Patients with coronary 
artery disease; heart 
failure

Hypotension; bradycardia, 
especially in paroxysmal AF; AV 
blocks; impairment of pulmonary 
function in chronic obstructive 
pulmonary disease or asthma

Metoprolol 50–200 mg daily

Carvedilol 25–100 mg daily

Nebivolol 5–10 mg daily

Sotalol 80–320 mg daily Recurrent AF Not recommended in permanent 
AF; bradycardia; QT prolongation; 
proarrhythmic

Verapamil 80–360 mg daily Patients with chronic 
obstructive pulmonary 
disease and asthma

Hypotension; AV blocks; heart 
failureDiltiazem 120–360 mg daily

Amiodarone 200 mg daily Recurrent AF; heart 
failure

Bradycardia; AV blocks; QT 
prolongation; proarrhythmic

Table 1. 
Average doses of antiarrhythmic drugs used for rate control in AF [1].
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If monophasic DC cardioversion is being used, an initial 300 J biphasic shock or 150 J 
monophasic shock should be given, followed by the second 200 J monophasic or 300 J 
biphasic shock if the first one fails. If the second shock fails, the third and final one can 
be delivered with the same magnitude as the second one. Biphasic shocks at high output 
are more successful than monophasic shocks at the same output [3].

2.4 Ablation strategies

Currently, the main way of nonpharmacological rhythm control is catheter 
ablation of AF, without the risk of long-term antiarrhythmic therapy maintain-
ing normal, sinus rhythm. It has been shown that catheter ablation significantly 
improves LV function, symptoms, exercise capacity, and quality of life. In addition, 
some meta-analyses have shown that catheter ablation was superior to antiarrhyth-
mic drugs for the control of AF. The benefit of catheter ablation was even greater in 
paroxysmal AF when compared to medical therapy [18]. Catheter ablation was also 
better than antiarrhythmics in terms of higher rates of freedom from both AF and 
antiarrhythmic medications [19]. However, no mortality benefit was observed in 
patients who have undergone catheter ablation of AF, so the procedure is currently 
reserved for patients with symptomatic AF [20].

Besides catheter ablation, one more way of treatment of AF includes surgical 
ablation of AF. The procedure involves creating series of incisions in both the left 
and the right atria, by which propagation of sinus impulse is directed through both 
atria and at the same time disabling multiple macro-reentrant circuits. Currently, 
the standard surgical technique has been replaced with linear epicardial ablation 
using unipolar or bipolar radiofrequency ablation, cryoablation, laser, high-
frequency ultrasound, and microwave energy. Also, surgical instrumentation now 
enables minimally invasive approaches through mini-thoracotomies with video 
assistance. Stand-alone surgical and epicardial AF ablation may be considered for 
patients who are symptomatic and were refractory to one or more attempts of cathe-
ter ablation or for patients who are not candidates for catheter ablation. Hence, there 
are no studies that compared effects of surgical and catheter ablation of AF, degree 
of patient discomfort, longer hospitalizations, and the risk of bleeding following left 
atrial appendage excision, patients prefer catheter ablation to surgical [20].

2.5 Anticoagulant therapy

Anticoagulation therapy is one of the cornerstones in management of patients 
with AF, since the most common consequence of AF is stroke.

The recommendations for anticoagulation therapy are the same for both 
pharmacological and electrical cardioversion. CHA2DS2-VASc risk score is being 
used in order to assess whether the patient is in need for anticoagulation therapy, 
while HAS-BLED score assesses the risk of bleeding in patients on anticoagulation 
therapy. Anticoagulation therapy can be either with the use of direct oral anticoagu-
lants (DOACs), such as apixaban, rivaroxaban, dabigatran, or edoxaban, or the use 
of vitamin K-dependent anticoagulants (VKAs) such as warfarin and acenocuma-
rol. In patient with VKAs, assessment of INR is very important and should always 
be within 2.0–3.0 unless there are other cofactors (mechanical valves, etc.).

3. Pharmacology of antiarrhythmic drugs

The choice of antiarrhythmic drug and its superiority of one over another are not 
well investigated due to many reasons, such as enrolment of patients with different 
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If monophasic DC cardioversion is being used, an initial 300 J biphasic shock or 150 J 
monophasic shock should be given, followed by the second 200 J monophasic or 300 J 
biphasic shock if the first one fails. If the second shock fails, the third and final one can 
be delivered with the same magnitude as the second one. Biphasic shocks at high output 
are more successful than monophasic shocks at the same output [3].

2.4 Ablation strategies

Currently, the main way of nonpharmacological rhythm control is catheter 
ablation of AF, without the risk of long-term antiarrhythmic therapy maintain-
ing normal, sinus rhythm. It has been shown that catheter ablation significantly 
improves LV function, symptoms, exercise capacity, and quality of life. In addition, 
some meta-analyses have shown that catheter ablation was superior to antiarrhyth-
mic drugs for the control of AF. The benefit of catheter ablation was even greater in 
paroxysmal AF when compared to medical therapy [18]. Catheter ablation was also 
better than antiarrhythmics in terms of higher rates of freedom from both AF and 
antiarrhythmic medications [19]. However, no mortality benefit was observed in 
patients who have undergone catheter ablation of AF, so the procedure is currently 
reserved for patients with symptomatic AF [20].

Besides catheter ablation, one more way of treatment of AF includes surgical 
ablation of AF. The procedure involves creating series of incisions in both the left 
and the right atria, by which propagation of sinus impulse is directed through both 
atria and at the same time disabling multiple macro-reentrant circuits. Currently, 
the standard surgical technique has been replaced with linear epicardial ablation 
using unipolar or bipolar radiofrequency ablation, cryoablation, laser, high-
frequency ultrasound, and microwave energy. Also, surgical instrumentation now 
enables minimally invasive approaches through mini-thoracotomies with video 
assistance. Stand-alone surgical and epicardial AF ablation may be considered for 
patients who are symptomatic and were refractory to one or more attempts of cathe-
ter ablation or for patients who are not candidates for catheter ablation. Hence, there 
are no studies that compared effects of surgical and catheter ablation of AF, degree 
of patient discomfort, longer hospitalizations, and the risk of bleeding following left 
atrial appendage excision, patients prefer catheter ablation to surgical [20].

2.5 Anticoagulant therapy

Anticoagulation therapy is one of the cornerstones in management of patients 
with AF, since the most common consequence of AF is stroke.

The recommendations for anticoagulation therapy are the same for both 
pharmacological and electrical cardioversion. CHA2DS2-VASc risk score is being 
used in order to assess whether the patient is in need for anticoagulation therapy, 
while HAS-BLED score assesses the risk of bleeding in patients on anticoagulation 
therapy. Anticoagulation therapy can be either with the use of direct oral anticoagu-
lants (DOACs), such as apixaban, rivaroxaban, dabigatran, or edoxaban, or the use 
of vitamin K-dependent anticoagulants (VKAs) such as warfarin and acenocuma-
rol. In patient with VKAs, assessment of INR is very important and should always 
be within 2.0–3.0 unless there are other cofactors (mechanical valves, etc.).

3. Pharmacology of antiarrhythmic drugs

The choice of antiarrhythmic drug and its superiority of one over another are not 
well investigated due to many reasons, such as enrolment of patients with different 
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underlying heart diseases or suboptimal design. Doses, indications, and the main 
adverse effects of the most commonly used antiarrhythmics are given in Table 2 [1].

3.1 Flecainide and propafenone

As antiarrhythmic drugs of class Ic, propafenone and flecainide are frequently 
used for rhythm control in patients with AF and no or minimal underlying heart 
disease (such as heart failure, left ventricular hypertrophy, coronary artery disease, 
or previous myocardial infarction).

Flecainide expresses its effect with potent blockade of sodium and potassium 
channels, however, not prolonging the QT interval.

Propafenone has similar effects as quinidine, although it possesses some beta-
blocking activity without prolonging the action potential.

In clinical trials that investigated recurrence rates, both propafenone and 
flecainide reduced the recurrence rate by 70%. Co-administration of AV-slowing 
agents such as beta-blockers is advised because of the possibility of organization of 
AF into atrial flutter. When directly compared, there was no superiority of propafe-
none over flecainide [21].

Drug Dose Clinical setting Adverse effects

Flecainide 100–
200 mg 
two times 
per day

Minimal or no structural heart 
disease

Bradycardia; AV blocks; 
organization into atrial flutter; 
deterioration of renal function

Flecainide XL 200 mg 
one time 
per day

Propafenone 150–
300 mg 
three times 
per day

Bradycardia; AV blocks; 
organization into atrial flutter; 
new onset of myocardial 
ischemia; metallic taste

Propafenone 
SR

225–
425 mg 
two times 
per day

Sotalol 80–160 mg 
two times 
per day

Stable coronary artery disease 
without previous myocardial 
infarction; hypertension 
without significant left ventricle 
hypertrophy

Bradycardia; AV blocks; 
proarrhythmic; potassium level 
disorders

Dofetilide 125–
500 mcg 
two times 
per day

Previous myocardial infarction; 
heart failure

Torsade de pontes; bradycardia; 
AV blocks; proarrhythmic

Amiodarone 100–
200 mg 
one time 
per day

Heart failure; hypertrophic 
cardiomyopathy; significant left 
ventricular hypertrophy

Bradycardia; AV blocks; 
thyrotoxic; pulmonary fibrosis; 
hepatic toxicity; eye toxicity, skin 
rash; abdominal pain; peripheral 
edema; dyspnea

Dronedarone 400 mg 
two times 
per day

Heart failure NYHA I–II; 
coronary artery disease; left 
ventricular hypertrophy

Bradycardia; AV blocks; 
diarrhea; rash

Table 2. 
Doses, indications, and adverse effects of the most commonly used antiarrhythmic drugs [1].
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3.2 Beta-blockers

The most effective antiarrhythmic drugs in prevention of AF are considered 
as beta-blockers. Even though they are mainly used in rate control strategy, in AF 
caused by thyrotoxicosis, after cardiac surgery or any adrenergically mediated AF, 
they represent the first-choice therapy. Between the groups of beta-blockers, there 
is limited evidence of superiority of one over another. Some, such as carvedilol, 
may be more potent because of synergistic effect on ion channels as well as 
adrenergic blockade; however, in direct comparison to bisoprolol, no benefit was 
observed [22, 23].

3.3 Sotalol

Sotalol, an antiarrhythmic drug of class III and beta-blocker, offers additional 
benefit of slowing heart rate during reoccurrences in AF episodes. It is recom-
mended for use in patients with AF and stable coronary artery disease without 
previous myocardial infarction and/or dysfunction of the left ventricle and patients 
with AF and hypertension without significant left ventricle hypertrophy.

When compared with amiodarone, it showed inferior results with 30% of 
patients remaining in sinus rhythm after 2 years of therapy, while in the group of 
amiodarone, 60% remained in sinus rhythm. In comparison with antiarrhythmics 
class Ic, it showed similar effects [24–26].

Bradycardia and hypotension represent the most common side effects, while 
prolongation of QT with proarrhythmic effect was less common. Due to its rela-
tively simple pharmacokinetics, it has very few drug interactions; however, it 
should be noted that sotalol decreases the threshold for cardiac defibrillation.

3.4 Dofetilide

Dofetilide is also one of the antiarrhythmic drugs of class III, but unlike sotalol 
or antiarrhythmics class Ic, it is recommended for use in patients with previ-
ous myocardial infarction and in patients with heart failure. It does not produce 
blockade of other potassium or sodium channels, but the rate of recovery from 
the blockade is slow; therefore, the extent of blockade shows little dependence on 
stimulation frequency.

Dofetilide has a dose-dependent effect; increased dose resulted in increased 
proportion of patients converted to sinus rhythm. However it comes with the cost. 
Its major concern is development of torsade de pontes which is also dose-related 
and often occurs in the first days after dofetilide initiation; therefore, in-hospital 
initiation is mandatory. Treatment with dofetilide should be initiated based on the 
rate-corrected QT interval (QTc) and serum electrolytes. A baseline QTc greater 
than 450 ms, bradycardia with heart rate less than 50 beats per minute, and hypo-
kalemia are relative contraindications.

Since 80% of oral dose is being eliminated unchanged by the kidneys and its 
dose-related side effects, dofetilide dosage must be based on the estimated creati-
nine clearance [27].

3.5 Amiodarone

Amiodarone is one of the most commonly used antiarrhythmic worldwide, as a 
result of its broad spectrum of antiarrhythmic action.

Amiodarone markedly prolongs the duration of action potential, thus prolong-
ing the QT interval. Despite its belonging to class III of antiarrhythmics, it also 
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than 450 ms, bradycardia with heart rate less than 50 beats per minute, and hypo-
kalemia are relative contraindications.

Since 80% of oral dose is being eliminated unchanged by the kidneys and its 
dose-related side effects, dofetilide dosage must be based on the estimated creati-
nine clearance [27].

3.5 Amiodarone

Amiodarone is one of the most commonly used antiarrhythmic worldwide, as a 
result of its broad spectrum of antiarrhythmic action.

Amiodarone markedly prolongs the duration of action potential, thus prolong-
ing the QT interval. Despite its belonging to class III of antiarrhythmics, it also 
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blocks inactivated sodium channels and has weak adrenergic and calcium channel 
blocking effect by which it slows down heart rate and AV node conduction.

It has great potential to maintain sinus rhythm in patients with underlying 
cardiovascular conditions. Its effect on rhythm control has been largely investi-
gated; however, one main drawback of amiodarone use is its side effects. Looking 
on proarrhythmic effects, it has low potential to induce torsade de pontes; however, 
non-cardiac side effects are numerous. It did not show effect on all-cause mortality; 
however, it can be used in management of AF in clinical settings of heart failure, 
hypertrophic cardiomyopathy, and significant left ventricular hypertrophy caused 
by hypertension [28].

Amiodarone side effects are a result of dose and accumulation in many tissues 
(lungs, liver, skin, and even heart). It also blocks the peripheral conversion of 
thyroxine to triiodothyronine and may result in hyperthyroidism and hypothyroid-
ism, which in many cases are the most frequent side effects.

3.6 Dronedarone

Besides sotalol, dofetilide, and amiodarone, dronedarone is also a member of class 
III of antiarrhythmic and has been widely used in prevention of recurrence of parox-
ysmal or persistent AF and is also effective in slowing ventricular rated during AF.

It is structural analog of amiodarone in which iodine atoms have been removed, 
therefore eliminating action on thyroxine metabolism.

Large clinical trials have demonstrated that dronedarone reduced relative risk 
of hospitalizations due to cardiovascular causes and death, differed the time to the 
first hospitalization for cardiovascular disease or death from any cause, and signifi-
cantly reduced deaths from cardiovascular diseases [29]. Based on the antiarrhyth-
mic trial with dronedarone in moderate to severe heart failure evaluating morbidity 
decrease (ANDROMEDA) study with patients with severe congestive heart failure, 
which was stopped ahead of time because excess death was revealed in droneda-
rone group, dronedarone should not be used in patients with severe heart failure 
[30]. Therefore, dronedarone is currently recommended for use in patients with 
paroxysmal AF with reducing the need of hospitalization for cardiovascular events 
or after conversion of persistent AF; however, it should be avoided in patients with 
permanent AF or advanced heart failure (Table 3).

3.7 Other antiarrhythmics

Ranolazine, an antianginal agent, belongs to more recently developed antiar-
rhythmics or recently investigated as antiarrhythmic drug. It blocks several ion 
channels and foremost on atrial level. Clinical investigations have demonstrated 
that it has potential to facilitate electrical cardioversion in refractory patients, 
efficacy as the pill-in-the-pocket approach, and enhancing pharmacological 
cardioversion with its synergistic effect with amiodarone [31, 32]. When combined 
with dronedarone, it also showed promising results [33]. However, further studies 
are needed to explore its full antiarrhythmic potential.

Vernakalant is relatively a new antiarrhythmic drug, and its main effect is 
achieved by blocking the sodium channels. Besides sodium channels it also blocks 
other channels and mild QT interval prolongation. Besides oral, vernakalant can 
also be administered intravenously, making it a preferable choice for rapid conver-
sion of AF. It has been investigated for converting recent-onset AF. In some clinical 
trials, it showed superior efficacy when compared to amiodarone for acute conver-
sion of AF [34]. It is recommended in patients with AF and no or minimal ischemic 
or structural heart disease and may be considered in patients with AF and mild to 
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blocks inactivated sodium channels and has weak adrenergic and calcium channel 
blocking effect by which it slows down heart rate and AV node conduction.

It has great potential to maintain sinus rhythm in patients with underlying 
cardiovascular conditions. Its effect on rhythm control has been largely investi-
gated; however, one main drawback of amiodarone use is its side effects. Looking 
on proarrhythmic effects, it has low potential to induce torsade de pontes; however, 
non-cardiac side effects are numerous. It did not show effect on all-cause mortality; 
however, it can be used in management of AF in clinical settings of heart failure, 
hypertrophic cardiomyopathy, and significant left ventricular hypertrophy caused 
by hypertension [28].

Amiodarone side effects are a result of dose and accumulation in many tissues 
(lungs, liver, skin, and even heart). It also blocks the peripheral conversion of 
thyroxine to triiodothyronine and may result in hyperthyroidism and hypothyroid-
ism, which in many cases are the most frequent side effects.

3.6 Dronedarone

Besides sotalol, dofetilide, and amiodarone, dronedarone is also a member of class 
III of antiarrhythmic and has been widely used in prevention of recurrence of parox-
ysmal or persistent AF and is also effective in slowing ventricular rated during AF.

It is structural analog of amiodarone in which iodine atoms have been removed, 
therefore eliminating action on thyroxine metabolism.

Large clinical trials have demonstrated that dronedarone reduced relative risk 
of hospitalizations due to cardiovascular causes and death, differed the time to the 
first hospitalization for cardiovascular disease or death from any cause, and signifi-
cantly reduced deaths from cardiovascular diseases [29]. Based on the antiarrhyth-
mic trial with dronedarone in moderate to severe heart failure evaluating morbidity 
decrease (ANDROMEDA) study with patients with severe congestive heart failure, 
which was stopped ahead of time because excess death was revealed in droneda-
rone group, dronedarone should not be used in patients with severe heart failure 
[30]. Therefore, dronedarone is currently recommended for use in patients with 
paroxysmal AF with reducing the need of hospitalization for cardiovascular events 
or after conversion of persistent AF; however, it should be avoided in patients with 
permanent AF or advanced heart failure (Table 3).

3.7 Other antiarrhythmics

Ranolazine, an antianginal agent, belongs to more recently developed antiar-
rhythmics or recently investigated as antiarrhythmic drug. It blocks several ion 
channels and foremost on atrial level. Clinical investigations have demonstrated 
that it has potential to facilitate electrical cardioversion in refractory patients, 
efficacy as the pill-in-the-pocket approach, and enhancing pharmacological 
cardioversion with its synergistic effect with amiodarone [31, 32]. When combined 
with dronedarone, it also showed promising results [33]. However, further studies 
are needed to explore its full antiarrhythmic potential.

Vernakalant is relatively a new antiarrhythmic drug, and its main effect is 
achieved by blocking the sodium channels. Besides sodium channels it also blocks 
other channels and mild QT interval prolongation. Besides oral, vernakalant can 
also be administered intravenously, making it a preferable choice for rapid conver-
sion of AF. It has been investigated for converting recent-onset AF. In some clinical 
trials, it showed superior efficacy when compared to amiodarone for acute conver-
sion of AF [34]. It is recommended in patients with AF and no or minimal ischemic 
or structural heart disease and may be considered in patients with AF and mild to 
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moderate structural heart disease as well as post-cardiac surgery AF. It is also more 
effective than flecainide and propafenone, again in recent-onset AF, and is well 
tolerated while to most common side effects including paresthesia, dysgeusia, dizzi-
ness, sneezing, and nausea [35, 36].

4. Conclusions

AF represents as one of the most common cardiovascular diseases and a major 
cause of stroke in developed countries. Treatment strategies can be divided into 
two strategies: rate and rhythm control. For rhythm control, antiarrhythmic drugs, 
direct current cardioversion, and electrophysiological ablation are used, while for 
rate control, chronotropic drugs are being used, while AV node ablation is required 
in order to reduce rapid ventricular rate which is often observed in patients with AF. 
Table 3 summarizes all antiarrhythmics with Vaughan-Williams class, mechanism 
of action, doses, clinical settings, and adverse effects.

Patients with paroxysmal or persistent form of AF should be considered for 
either pharmacological or DC despite symptomatology, unless there are contraindi-
cations. Rapid ventricular rates can cause palpitations or even a syncope and other 
rate-related symptoms; however, these high ventricular rates lead to degradation of 
left ventricle performance, mitral regurgitation, and further dilatation of the left 
atrium; therefore, if the conversion is not achievable, patients should be treated 
with rate control strategy.
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moderate structural heart disease as well as post-cardiac surgery AF. It is also more 
effective than flecainide and propafenone, again in recent-onset AF, and is well 
tolerated while to most common side effects including paresthesia, dysgeusia, dizzi-
ness, sneezing, and nausea [35, 36].

4. Conclusions

AF represents as one of the most common cardiovascular diseases and a major 
cause of stroke in developed countries. Treatment strategies can be divided into 
two strategies: rate and rhythm control. For rhythm control, antiarrhythmic drugs, 
direct current cardioversion, and electrophysiological ablation are used, while for 
rate control, chronotropic drugs are being used, while AV node ablation is required 
in order to reduce rapid ventricular rate which is often observed in patients with AF. 
Table 3 summarizes all antiarrhythmics with Vaughan-Williams class, mechanism 
of action, doses, clinical settings, and adverse effects.

Patients with paroxysmal or persistent form of AF should be considered for 
either pharmacological or DC despite symptomatology, unless there are contraindi-
cations. Rapid ventricular rates can cause palpitations or even a syncope and other 
rate-related symptoms; however, these high ventricular rates lead to degradation of 
left ventricle performance, mitral regurgitation, and further dilatation of the left 
atrium; therefore, if the conversion is not achievable, patients should be treated 
with rate control strategy.
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Abstract

Pulmonary vein isolation (PVI) is the cornerstone of rhythm-control therapy 
for atrial fibrillation (AF). A few years ago, contact force-sensing ablation catheters 
(CFSAC) were introduced. Nowadays the use of CFSAC became a part of the every-
day practice. The durability of PVI depends much on the accurate lesion creation. 
The recently developed techniques (ablation index, CLOSE protocol) may facilitate 
the procedure in terms of achieving durable PVI which has already been confirmed 
by randomized trials. In this chapter, we would like to introduce the theoretical 
background of PVI and compare different techniques (radiofrequency point-by-
point, cryoballoon, additional ablation lines for persistent AF) with special high-
light on the importance of durable PVI.

Keywords: pulmonary vein isolation, atrial fibrillation, ablation, point-by-point, 
CLOSE protocol, cryoballoon

1. Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia. AF is associ-
ated with a higher risk of mortality than the general population [1]. It is one of the 
major causes of stroke, heart failure, sudden death, and cardiovascular morbidity 
in the world [2]. Thus, appropriate management of this arrhythmia and underly-
ing diseases is of high importance. Besides stroke prevention with therapeutic 
anticoagulation, the rate-control or rhythm-control treatment is the basis of AF 
management.

Pulmonary vein isolation (PVI) is the cornerstone of rhythm-control therapy 
for atrial fibrillation [2, 3]. A few years ago, contact force-sensing ablation cath-
eters (CFSAC) were introduced. Nowadays the use of CFSAC became a part of the 
everyday practice [4–8]. The durability of PVI depends much on the accurate lesion 
creation. The recently developed techniques (ablation index, CLOSE protocol) 
may facilitate the procedure in terms of achieving durable PVI which has already 
been confirmed by prospective trials [9–12]. In this chapter, we will introduce the 
theoretical background of PVI and compare different ablation techniques (radio-
frequency point-by-point, cryoballoon, additional ablation lines for persistent AF) 
with special highlight on the importance of durable PVI.
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2. Pulmonary vein isolation

2.1 Theoretical background of pulmonary vein isolation

The exact mechanism of atrial fibrillation for the individual patients is not well 
understood, and it is still a topic of intensive research nowadays. It seems that in most 
of the patients, the pulmonary veins and surrounding structures play an important role 
in the pathophysiology. The first cornerstone research was presented by Haissaguerre 
et al., where they found that electrical firing from the pulmonary veins (PVs) may have 
an important role in the initiation of atrial fibrillation paroxysms [13] (Figure 1).

Jais et al. showed distinctive electrophysiological properties of pulmonary veins in 
patients with AF compared with healthy patients’ PVs. The main difference is the short 
or extremely short refractory period of the PVs which is likely to play a major role in 
the arrhythmogenesis [14]. Moreover, episodes of AF may shorten the effective refrac-
tory period of the atria and the PVs, which may promote recurrent and longer episodes 
of AF (“AF begets AF”) [15, 16]. These studies are supplemented by another important 
finding by De Ponti et al. as they showed with high-density mapping of the PVs that 
majority of ectopic beats have a multifocal pattern and relatively proximal origin [17].

Besides the pulmonary veins, multiple pathophysiological factors may play a 
role in the mechanism of atrial fibrillation, like ligament of Marshall, vagal ganglia, 
micro-reentrant circuits, and spiral/rotational activities [18–21].

2.2 Pulmonary vein isolation procedures

The two most frequently used ablation technologies for pulmonary vein isolation 
are radiofrequency point-by-point method which leads to coagulation necrosis by heat-
ing and single-shot cryoballoon ablation which leads to tissue necrosis by freezing.

PVI with radiofrequency ablation requires limited use of fluoroscopy, because 
catheter guidance is achieved with the use of an electroanatomical mapping system, 
but the approach requires extensive training due to the need for a more sophisti-
cated catheter manipulation.

Figure 1. 
High-frequency electrical activity in the right superior pulmonary vein registered on the Lasso (Ls) catheter.
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PVI with cryoballoon requires more extensive fluoroscopic guidance to position 
the balloon catheter at the pulmonary veins. On the other hand, the cryoballoon 
was developed to create a circular lesion around each pulmonary vein in a relatively 
simple manner, and thus it is less operator dependent.

Circumferential ablation around the PVs may have ablation-related benefits 
beyond pulmonary vein isolation, including concomitant ganglionated plexus 
modification and modification of other substrates located near the PVs [22].

2.2.1 Cryoballoon ablation

Pulmonary vein isolation can be reached with a balloon catheter by the occlu-
sion of the pulmonary veins, causing tissue necrosis via cryothermal energy around 
antral orifice of the vessels. Occlusion of the pulmonary vein by the cryoballoon is 
tested by means of contrast injection and fluoroscopic examination (Figure 2). If 
the injection of contrast agent verifies the accurate occlusion of the pulmonary vein 
ostium, the freezing can be started. The need for fluoroscopic imaging for each PVs 
may contribute to a prolonged fluoroscopic time and dose.

First-generation cryoballoons deliver ablation only via the equator of the bal-
loon. Freeze AF randomized trial found that first-generation cryoballoon was non-
inferior as compared with the radiofrequency ablation. There was a higher rate of 
adverse events driven by the higher incidence of transient phrenic nerve palsy [23].

Second-generation cryoballoons were introduced to overcome some of these 
disadvantages. The number of injection ports has been doubled (from four to 
eight), and have been positioned more distally on the catheters’ shaft resulting in a 
larger and more uniform zone of freezing on the balloons’ surface [24] (Figure 3). 
The improved thermodynamic characteristics of the second-generation cryobal-
loon lead to a higher rate of single shot-PVI and a better chronic lesion durability. 
This high rate of durable PV isolation is anticipated to translate to improved clinical 
outcome [25].

Second-generation cryoballoon was found to be non-inferior to radiofrequency 
ablation in the FIRE and ICE randomized trial with respect to efficacy for the 

Figure2. 
Right side: contrast injection in the right inferior pulmonary vein; decapolar catheter is placed in the superior 
vena cava to perform phrenic nerve pacing. Left side: contrast injection in the left superior pulmonary vein; 
decapolar catheter is placed in the coronary sinus.
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treatment of patients with drug-refractory paroxysmal atrial fibrillation. There 
was also no significant difference between the two methods with regard to overall 
safety. Phrenic nerve injury was the most common safety event in the cryoballoon 
group [26]. The enlarged volume of tissue freezing may cause a trend toward higher 
incidence of phrenic nerve palsy in the case of the second-generation cryoballoons. 
However, these events are transient in most of the cases [27, 28].

A growing evidence suggests that second-generation cryoballoon is also safe and 
effective in patients with persistent AF [29, 30]. In persistent AF the isolation of the 
left atrial appendage as an adjunct to PVI may improve 1-year outcomes compared 
with the PVI-only strategy using cryoballoon [31].

However, the cryoballoon may be less effective in some anatomical variations of 
the pulmonary veins such as long left common trunk, additional pulmonary veins, 
or in the case of a more oval PV orifice [32, 33]. In some cases the complication rates 
may also differ in pulmonary venous anatomical variations [34].

2.2.2 Radiofrequency point-by-point ablation

Circumferential pulmonary vein isolation with radiofrequency ablation 
was the first type of ablation that was proven to be superior compared with the 

Figure 3. 
First (upper part) and second (lower part) generation cryoballoons. First-generation cryoballoon produces 
an annular freezing zone at the balloon’s equator. Second-generation cryoballoon has broader and more 
homogenous freezing zone, thus providing freezing at the whole distal hemisphere of the balloon.
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antiarrhythmic drug treatment [35]. It requires limited use of fluoroscopy, because 
catheter guidance is achieved with the use of an electroanatomical mapping system. 
The disadvantage of the technology is that the approach requires extensive training 
due to the need for a more accurate catheter manipulation. It is both proven to be 
effective in paroxysmal and persistent AF in terms of reducing symptoms related 
to AF [36, 37]. Moreover it may have a positive effect on mortality in heart failure 
patients [38–40].

2.2.2.1  Radiofrequency point-by-point ablation with contact force-sensing 
catheters

The clinical efficacy of catheter ablation of AF remained limited by difficulty 
in achieving durable pulmonary vein isolation. Suboptimal catheter tip-to-tissue 
contact force (CF) during lesion delivery may result in a reduced clinical efficacy. 
Despite the fact that acute PVI is nearly universally achieved, recurrences of atrial 
arrhythmias after AF ablation are common, and recurrences are usually due to PV 
reconnection and indicate insufficient lesion formation during the initial ablation.

A few years ago, contact force-sensing ablation catheters (CFSAC) have been 
introduced in the clinical practice. It has been shown that the contact force between 
the catheter tip and the target tissue is a key factor to a safe and effective lesion 
formation. Insufficient CF may result in an ineffective lesion, whereas excessive CF 
may result in complications such as heart wall perforation, steam pop, thrombus 
formation, or esophageal injury. High CF values may occur during catheter manipu-
lation and not just during ablation, suggesting that measuring CF may provide 
additional useful information to the operator for safe catheter manipulation.

Catheter ablation using real-time CF technology was shown to be safe for the 
treatment of supraventricular tachycardias and AF [5, 6]. Pulmonary vein isolation 
with the use of contact force information results in a shorter procedure duration 
and a lower rate of AF recurrence after 12 months than conventional PVI without 
this information [41]. Analysis of the first trials with CFSACs showed that CF dur-
ing catheter ablation for AF correlates with clinical outcome. Arrhythmia control is 
best achieved when ablation lesions are placed with an average CF of >20 g, whereas 
clinical failure is noted with an average CF of <10 g [8, 42].

The EFFICAS I multicenter study was to demonstrate the correlation between 
CF parameters during initial procedure and the incidence of isolation gaps at a 
repeated left atrial procedure at 3 months. To characterize the effect of CF applied 
over time, the system automatically detects the beginning and end of RF current 
delivery and calculates the force-time integral (FTI) defined as the total CF inte-
grated over the time of RF delivery. Ablations with minimum FTI <400 g showed 
increased likelihood for reconnection. Thus, optimal CF parameter recommenda-
tions became a target CF of 20 g and a minimum FTI of 400 g for each lesion [7]. 
These recommendations together with contiguous lesion deployment were then 
confirmed by the EFFICAS II study as procedures with the abovementioned criteria 
resulted in more durable PVI [4].

2.2.2.2 Radiofrequency point-by-point ablation guided by ablation index

The routine use of CFSACs improved the arrhythmia-free survival after PVI; 
however, the recurrence rate remained substantial.

Ablation index (AI) incorporates CF, power, and time in a weighted formula 
and predicts lesion depth. It works together with SmartTouch catheter and CARTO 
system (Figures 4 and 5).
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Figure 5. 
SmartTouch catheter. This is a 7.5 French, 3.5-mm-irrigated-tip ablation catheter. Catheter tip contact force 
information and direction is measured by three location sensors within the shaft and the degree of spring 
bending via a magnetic transmitter at the catheter tip. The catheter and information are integrated into the 
Carto® 3 mapping system and can be displayed to the operators.

The analysis of PVIs guided by AI resulted in the development of the “CLOSE 
protocol.” The CLOSE protocol is a new approach aiming to enclose the PVs with 
contiguous and optimized radiofrequency lesions by targeting an inter-lesion dis-
tance (ILD) ≤6 mm and AI ≥400 at the posterior wall and ≥550 at the anterior wall 
[11]. In the case of chest pain or intraesophageal temperature rise >38.5°C during 
posterior wall ablation, energy delivery may be stopped at an AI of 300. Target AI 
values can be reached with higher-energy applications as well (Figures 6 and 7).

The use of CLOSE protocol was associated with high incidence of first-pass isolation 
(98%). Overall, single-procedure arrhythmia-free survival was 91% at 1 year without 
antiarrhythmic drug treatment. These findings are in line with the hypothesis that 
avoiding weak links within the deployed radiofrequency circle is the key to durable PVI 
and clinical success. These procedural results do not compromise safety and are associ-
ated with relatively short procedure and ablation times [12].

The optimal AI target values are not determined yet, and values recommended 
by the CLOSE protocol may overshoot. Lee et al. presented that PVIs with AI target 
values of ≥450 at the anterior/roof segments and of ≥350 at the posterior/inferior/
carina segments are optimal AI thresholds for avoiding acute pulmonary vein 
reconnection [9]. In the left atrium, the AI-impedance relationship plateaus from 
430 AI for the SmartTouch catheter, suggesting ablation beyond this value, have 
minimal additional biophysical benefit [43]. Solimene et al. found that radiofre-
quency energy targeting inter-lesion distance ≤6 mm and ablation index of 330–350 
at posterior wall and 400–450 at anterior wall produces similar good results and low 
complication rates [44]. Another study found that no reconnection was seen where 
the minimum AI value was ≥370 for posterior/inferior segments and ≥480 for 
anterior/roof segments at repeat electrophysiology study [45].

Figure 4. 
Mathematical formula for the ablation index.
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The use of AI and small ILD results in a high level of durable PVI and may be 
also effective in persistent AF. A good clinical outcome can be achieved in the great 
majority of patients with persistent AF [10].

Figure 6. 
Pulmonary vein isolation (CT-merged CARTO image) performed with CLOSE protocol. Red ablation tags 
indicate AI value >400 on the posterior wall and >550 on the anterior wall.

Figure 7. 
Pulmonary vein isolation (CARTO, fast anatomical map) performed with CLOSE protocol. Ablation 
parameters of the highlighted dot (with yellow ring around it) are shown, including application duration, 
power, temperature, impedance drop, average contact force, force-time integral value, and ablation index 
value (AI = 500 in this case). The inter-lesion distance between the two marked ablation points (with distance 
measurement white line between them) is also shown (ILD = 5.1 mm).
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The use of AI and small ILD results in a high level of durable PVI and may be 
also effective in persistent AF. A good clinical outcome can be achieved in the great 
majority of patients with persistent AF [10].

Figure 6. 
Pulmonary vein isolation (CT-merged CARTO image) performed with CLOSE protocol. Red ablation tags 
indicate AI value >400 on the posterior wall and >550 on the anterior wall.

Figure 7. 
Pulmonary vein isolation (CARTO, fast anatomical map) performed with CLOSE protocol. Ablation 
parameters of the highlighted dot (with yellow ring around it) are shown, including application duration, 
power, temperature, impedance drop, average contact force, force-time integral value, and ablation index 
value (AI = 500 in this case). The inter-lesion distance between the two marked ablation points (with distance 
measurement white line between them) is also shown (ILD = 5.1 mm).
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2.2.2.3 Esophageal temperatures during applications with ablation index

The incidence of endoscopically detected esophageal injury after catheter 
ablation is high (2–30%), both after PVI guided by cryoballoon and by RF energy 
[46–49]. High AI target values may further increase the risk of esophageal lesions.

The incidence of esophageal injury on endoscopy after CLOSE-guided PVI is 
low (1.2%) despite significant intraesophageal temperature rise during the proce-
dure [50]. The most likely explanation of the low incidence after CLOSE PVI is the 
ablation protocol itself as AI target value on posterior wall is recommended to be 
reduced to 300 if pain or esophageal temperature rise occurs. Moreover, the high 
incidence of first-pass isolation results in smaller amount of applications required to 
reach the complete PVI.

3. Ablation strategies in persistent atrial fibrillation

Persistent AF is usually a more difficult arrhythmia as compared with the 
paroxysmal AF. Besides the triggers that induce the arrhythmia, usually a complex 
substrate is also present due to the atrial enlargement and fibrosis. Thus, pulmonary 
vein isolation alone is generally less effective than in paroxysmal AF [51]. The suc-
cess rate of catheter ablation might improve with substrate modification techniques 
such as additional linear lines, ablation of complex fractionated atrial electrograms, 
and isolation of the left atrial appendage. The value of these techniques is contro-
versial; however, most of the studies that compared PVI to PVI plus substrate modi-
fication were performed before the contact force era and in low-volume centers [29, 
31, 52–56]. Substrate modification of persistent AF with the ablation of additional 
lines may be useful if procedure is performed by experienced operators. Kettering 
et al. found better arrhythmia-free survival in patients with roofline ablation when 
added to PVI (72 vs. 63%) [57]. Additional mitral isthmus line ablation may also 
provide a higher success rate as shown by Jais et al. (87 vs. 69%) [58].

4. Our personal approach for atrial fibrillation ablation

Here we shortly summarize our personal approach for PVI that we use in the 
Electrophysiology Laboratory of the Heart and Vascular Center, Semmelweis 
University, Budapest.

In case of symptomatic paroxysmal atrial fibrillation, the primary goal is the 
durable isolation of all pulmonary veins. Before the procedure cardiac CT or MR 
angiography is performed to evaluate the presence of potential coronary artery 
disease and to determine the pulmonary venous anatomy. For patients with typical 
anatomy (four distinct pulmonary veins), we may choose cryoballoon; however, 
a vast majority of patients are ablated with point-by-point approach with contact 
force-sensing ablation catheters. For the latter we may use CARTO or EnSite 
navigation system. For repeated ablations we first check the pulmonary veins, and 
if there is reconnection, we re-isolate the PVs with CARTO, EnSite, or Rhythmia 
system. If all the pulmonary veins are found to be isolated, then we try to find and 
eliminate non-PV triggers such as superior vena cava or coronary sinus.

In the case of symptomatic persistent atrial fibrillation, the first procedure 
is also pulmonary vein isolation similar to the paroxysmal cases. For repeated 
ablations besides re-isolation of PVs, we may use additional ablation lines such as 
left atrial roofline, posterior line, mitral isthmus line, and in the right atrium the 
cavo-tricuspidal isthmus line. If the recurrent arrhythmia is a macro-reentrant 
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atrial tachycardia, we perform an electroanatomical activation map to depict the 
tachycardia circuit and to find the optimal ablation target(s).

5. Conclusion

Pulmonary vein isolation (PVI) is the cornerstone of rhythm-control therapy 
for atrial fibrillation (AF). A few years ago, new technologies such as cryoballoon 
and contact force-sensing ablation catheters were introduced. The use of these 
technologies became the part of the everyday practice. The routine use of CF abla-
tion catheters and cryoballoons improved the arrhythmia-free survival after PVI; 
however, the recurrence rate remained substantial. The durability of PVI depends 
much on the accurate lesion creation. The recently developed techniques such as 
second-generation cryoballoon, ablation index, and CLOSE protocol may result in 
a higher rate of both acute PVI and thus a more durable lesion creation. The CLOSE 
protocol is a new approach aiming to enclose the PVs with contiguous and opti-
mized radiofrequency lesions. This high rate of durable PV isolation is anticipated 
to translate to improved clinical outcome for both paroxysmal and persistent atrial 
fibrillation. Substrate modification of persistent AF with the ablation of additional 
lines may be useful if procedure is performed by experienced operators.
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Abstract

The concepts, techniques and evidence relating to surgical ablation of atrial 
fibrillation are discussed in detail. The historical background to surgical ablation is 
covered in brief, along with the electrophysiological basis underpinning its effective 
useage. The epidemiology of surgically treated atrial fibrillation and the current 
guidelines relating to its use are analysed. Safety aspects and perspectives on its 
ongoing future use are discussed. Modern surgical technologies and approaches are 
reviewed, along with the relevant advantages and disadvantages of each. The surgi-
cal techniques relating to left atrial appendage intervention are also reviewed, along 
with the relevant literature and evidence relating to reduction in thromboembolic 
risk and need for anticoagulation.

Keywords: MAZE, left trial appendage, surgical ablation

1. Epidemiology of atrial fibrillation

Atrial fibrillation (AF) is the most common type of cardiac arrhythmia and 
remains a major cause of stroke, heart failure (HF), sudden death, and cardiovas-
cular morbidity. Importantly, with an ever-ageing population, the prevalence of AF 
is increasing, and predicted to rise steeply in the future [1]. AF impairs functional 
status, cognitive function and reduces the quality of life [2]. Age, sex, race, and geo-
graphical location, as well as other modifiable risk factors (diabetes, hypertension, 
lung disease, obesity and alcohol use) determine the prevalence of AF. The overall 
prevalence of AF is approximately 1%, but rises significantly with age. In those over 
75 years old it has been shown to be greater than 10%, and greater than 15% in those 
over 85 [3, 4].

As such, the proportion of patients presenting for cardiac surgery in AF, or with 
a history of AF is also expanding. AF detrimentally affects prognosis in patients 
with severe valvular heart disease [5], and those undergoing surgery or transcathe-
ter interventions for aortic or mitral valve disease, and in combination with valvular 
heart disease, increases thromboembolic risk significantly [6, 7]. As with congestive 
HF, valvular disease and AF share a dynamic interaction that sustain one another, 
driven by the detrimental effects of volume and pressure overload, maladaptive 
neurohumoral activation, cardiac fibrosis and a deleterious tachy-cardiomyopathy. 
Therefore, it is intuitive that immense attention has been, and continues to be 
focussed upon the potential likely benefits of surgical correction of AF, as part of 
both concomitant AND stand-alone procedures.
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1.1 Atrial fibrillation in surgical patients

The prevalence of pre-operative AF varies with the encountered cardiac pathol-
ogy, and this, together with surgical procedure type, influences the likelihood 
of concomitant surgical AF ablation. In the surgical population, the prevalence 
is greatly skewed towards mitral valve disease, because this pathology invokes 
the greatest degree of left atrial (LA) distension [8]. An AF prevalence of 30% 
is reported in mitral valve surgical patients, and only 14% and 6% in patients 
undergoing aortic valve or isolated coronary surgery, respectively [9]. Analysis of 
US registry data from the early 2000s showed that the prospect of concomitant AF 
ablation was greatest in mitral valve patients (~60%) and double that in aortic valve 
(~30%) and coronary artery bypass (~25%) surgical patients [10]. The chapter 
will focus upon the anatomical and physiological principles underlying surgical AF 
ablation, the technical and surgical aspects regarding specific anatomical lesion 
sets and their complications. Current evidence and guidelines supporting the use 
of surgical AF ablation, during both concomitant cardiac surgery and stand-alone 
surgery will also be reviewed.

2. Principles underlying surgical treatment of atrial fibrillation

A large variety of surgical strategies have evolved over past decades for the treat-
ment of AF. As such, standardisation of terminology is difficult and comparison 
of studies can prove impossible. Anti-arrhythmic procedures are divided into two 
broad categories: (A) isolation or (B) ablation procedures. Initial surgical proce-
dures were isolation procedures, aimed at confining the arrhythmia to a specific 
region of the heart [11]. Ablation was not carried out at this early time, as there was 
insufficient knowledge relating to the electrophysiological mechanisms driving 
AF. Isolation procedures such as LA isolation and the corridor operation will not be 
reviewed further in this chapter as they are irrelevant to current clinical practice.

Starting in the 1980s, several procedures were developed in an effort to treat 
AF, including LA isolation (A), corridor operation (B), and atrial transection (C) 
(Figure 1). The first attempt to surgically ablate AF was made via the atrial transection 
procedure in 1986 [12]. This procedure failed after 5 months in the 1 patient in which it 
was performed. Transection was based upon on the flawed belief that AF was caused 
by two macro-re-entrant circuits; one around the SVC and IVC orifices and one around 
the pulmonary veins and the orifice of the LA appendage (LAA). With improving 
knowledge of the mechanisms driving AF the MAZE procedure and pulmonary vein 
isolation (PVI) subsequently evolved, and formed the foundation of modern surgical 
treatment of AF. These two procedures form the main focus of this chapter.

2.1 The MAZE concept

The MAZE concept underlying the classical MAZE procedure is best encap-
sulated by the words of Dr James Cox—‘The cardinal feature of a classical MAZE 
procedure includes lines of conduction block that preclude macro-re-entry any-
where in either atrium while leaving both atria capable of activation by a sinus-
generated impulse. Components essential to achieving this include appropriate 
lesions in both atria, the absence of gaps that allow electrical activity to bypass an 
intended line of block, and the absence of alternate pathways by which impulses 
can reach the intended maze exit’. ‘The maze has one entrance site, one exit site and 
one true route between the entrance and exit’ [13] (Figure 2). It must be stressed 
that numerous surgical ablation strategies are now in existence that do not strictly 
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adhere to the MAZE concept described above, yet are described as ‘MAZE’ proce-
dures. The implications of utilising this generic umbrella term, when comparing 
studies and drawing conclusions from study outcomes must be appreciated.

2.2 Surgical ablation lesion sets

The first MAZE-I procedure was performed in 1987. It abolished AF and 
re-established sinus rhythm (SR) effectively. However, the MAZE-I was associ-
ated with chronotropic incompetence in approximately 30% of patients, and 
intra-atrial conduction delay resulting in loss of LA transport due to simultaneous 
LA and left ventricle (LV) contraction [13]. These two undesirable effects of the 
MAZE-I procedure, led to modifications in the lesion set thus creating the MAZE 

Figure 1. 
Schematic representation of AF isolation/ablation techniques. (A) His bundle ablation, (B) Left atrial 
isolation procedure, (C) Corridor procedure (D) Atrial transection procedure and (E) MAZE concept [13].

Figure 2. 
Schematic representation of the surgical MAZE concept [13].



Epidemiology and Treatment of Atrial Fibrillation

100

1.1 Atrial fibrillation in surgical patients
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ablation was greatest in mitral valve patients (~60%) and double that in aortic valve 
(~30%) and coronary artery bypass (~25%) surgical patients [10]. The chapter 
will focus upon the anatomical and physiological principles underlying surgical AF 
ablation, the technical and surgical aspects regarding specific anatomical lesion 
sets and their complications. Current evidence and guidelines supporting the use 
of surgical AF ablation, during both concomitant cardiac surgery and stand-alone 
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generated impulse. Components essential to achieving this include appropriate 
lesions in both atria, the absence of gaps that allow electrical activity to bypass an 
intended line of block, and the absence of alternate pathways by which impulses 
can reach the intended maze exit’. ‘The maze has one entrance site, one exit site and 
one true route between the entrance and exit’ [13] (Figure 2). It must be stressed 
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adhere to the MAZE concept described above, yet are described as ‘MAZE’ proce-
dures. The implications of utilising this generic umbrella term, when comparing 
studies and drawing conclusions from study outcomes must be appreciated.

2.2 Surgical ablation lesion sets

The first MAZE-I procedure was performed in 1987. It abolished AF and 
re-established sinus rhythm (SR) effectively. However, the MAZE-I was associ-
ated with chronotropic incompetence in approximately 30% of patients, and 
intra-atrial conduction delay resulting in loss of LA transport due to simultaneous 
LA and left ventricle (LV) contraction [13]. These two undesirable effects of the 
MAZE-I procedure, led to modifications in the lesion set thus creating the MAZE 

Figure 1. 
Schematic representation of AF isolation/ablation techniques. (A) His bundle ablation, (B) Left atrial 
isolation procedure, (C) Corridor procedure (D) Atrial transection procedure and (E) MAZE concept [13].

Figure 2. 
Schematic representation of the surgical MAZE concept [13].
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II procedure. The anterior-superior LA and right atrium (RA) lesions were repo-
sitioned in a more posterior location. The Maze II was performed in less than 15 
patients, due to extreme technical difficulty that required SVC transection above 
the RA to enhance LA exposure [13, 14]. The MAZE III included relocation of 
anterior lesion sets further posteriorly and a septal lesion to facilitate LA exposure, 
the latter being omitted subsequently in later iterations of the MAZE III. From 
1992 onwards the surgical cut-and sew MAZE-III procedure was performed 
through a median sternotomy, and the lesion pattern became the standard pattern 
for MAZE procedures. As the name implies, all cardiac lesions were created by cut-
ting the full thickness of the myocardium and then re-sewing the tissue together, 
thus inhibiting macro re-entry circuit conduction. It was not until 1997 when the 
original cut-and-sew MAZE-III procedure was replaced by cryosurgical MAZE-III 
procedure, where all surgical lesions were replaced by cryoablation lesions cre-
ated by a linear cryoprobe [13]. The MAZE III was then superseded by the first 
MAZE IV procedure in 2002. Lesion sets were essentially identical, with lesions in 
the MAZE IV performed using a combination of bipolar radiofrequency clamps 
and linear cryoprobes [15] (Figure 3). Improved speed of execution resulted in 
less patient morbidity during the MAZE IV, and this is now the gold standard 
procedure in AF ablation. Surgical AF ablation is most commonly applied as a 
concomitant procedure during valve or coronary revascularization operations, but 
also as a primary or stand-alone procedure. The frequency of surgical ablation and 
durable achievement of SR is increasing, represented mainly by the MAZE III/IV 
procedures.

3. Surgical ablation energy sources

Numerous energy sources have evolved over the past two decades to replace the 
traditional ‘cut and sew’ technique that aim to replicate transmural lesions, whilst 
enabling a less time-consuming yet equally effective approach. A fundamental 
pre-requisite for successful AF ablation, is complete transmurality and continuity 
bilaterally, and a correct lesion pattern.

Figure 3. 
Versions of the surgical MAZE procedure [13].
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3.1 Radiofrequency ablation

Radiofrequency ablation (RFA) acts by conducting an alternating electrical 
current through the myocardium. The energy of this electrical current disperses 
through myocardial tissue as heat, causing coagulative necrosis, creating an 
area of non-conducting myocardium. RFA employs an alternating current at 
350 kHz-1 MHz to heat tissue to 70–80°C for 1 min, creating a 3–6 mm lesion using 
unipolar or bipolar devices. Transmurality is indicated by electrical conductance 
and impedance monitoring. The efficacy of AF ablation during cardiac surgery 
using either unipolar [16–18], or bipolar ablation [19–21] technology, is well estab-
lished. Overall, success rates in restoring SR are over 60%, measured at a variety of 
time points ranging from 12 to 60 months post procedure. However, there is limited 
evidence to conclude whether bipolar RFA is more effective than unipolar RFA 
(Figure 4).

3.2 Cryoablation

Cryoablation works by using nitrous oxide as a cooling agent for 2 min at −60°C 
to produce a transmural lesion that can be visualised as an ‘iceball’.

Tissue injury results by creation of ice crystals within cells disrupting the cell 
function and electrical conductivity. In addition, microvascular disruption causes 
cell death. Several studies have proven the efficacy of concomitant cryoablation 
in the treatment of AF. Cryoablation during concomitant cardiac surgery achieves 
good rates of SR, ranging from 60 to 80% at a variety of time points ranging from 
12 to 60 months post procedure [22, 23] (Figure 4).

3.3 Microwave

Microwave ablation uses high-frequency electromagnetic radiation to induce 
oscillation of water molecules, and produces a well-demarcated lesion via thermal 
injury. Its main strength is the production of excellent epicardial lesions, thus 
promoting its use in minimally invasive techniques. A success rate ranging between 
65 and 85% is observed over a variable follow up period between 6 and 12 months 
[24]. Long term success rates remain unclear and evidence relating to microwave 
ablation efficacy is limited. Thus far, bipolar RFA ablation and cryoablation have 
demonstrated superiority in terms of freedom from AF, AF recurrence rates, 
and microwave ablation is currently considered less effective than other ablation 
modalities [25, 26].

Figure 4. 
Radiofrequency surgical ablation clamp (A) and cryoprobe (B) [105].
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3.4 Laser and ultrasound

Alternative energy sources being explored in AF ablation are that of laser and 
ultrasound. Laser ablation uses a monochromatic, phase coherent beam to cause 
heating and cellular destruction. Laser has shown efficacy in restoration of SR 
(>70%) in isolated procedures and during concomitant surgery [27]. However, 
currently, laser ablation has not gained approval for clinical use outside of trials 
due to limited evidence supporting its efficacy and safety [27]. Ultrasound, utilises 
high-frequency sound waves (2–20 MHz) emitted by piezoelectric crystals to cause 
thermal heating and disruption of cell membranes. It creates permanent transmural 
lesions when applied epicardially and is advantageous in that CPB is unnecessary, 
and ablation can be executed on a beating heart. Ultrasound lesions can also be 
delivered via a balloon catheter, allowing isolated PVI [28, 29]. Reasonable con-
version rates to SR have been demonstrated in isolated PVI for lone paroxysmal 
AF. However, due to frequent complications, such as atrio-oesophageal fistula, 
pericardial effusion and phrenic nerve palsy, use of ultrasound is not currently 
recommended, and its role in permanent AF is unproven [28, 29].

4. Surgical approaches for ablation

The MAZE IV can be performed either through a sternotomy or through a right 
mini thoracotomy. A combination of RFA and cryoablation is used to create the 
lesion set in the majority of cases. After gaining access to the chest both pulmonary 
veins are bluntly dissected, after initiating normothermic cardiopulmonary bypass 
(CPB). The patient is then cooled to 34°C and RA lesion set performed on a beating 
heart. A small purse-string suture at the base of the RA appendage allows one jaw of 
a RFA clamp to pass and create a lesion along the RA free wall (Figure 5). A vertical 
atriotomy extending from the intra-atrial septum up towards the atrioventricular 

Figure 5. 
Radiofrequency surgical ablation clamp performing right sided pulmonary vein isolation [106].
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groove near the free margin of the heart is made at least 2 cm from the free wall 
lesion. From the inferior aspect of the incision, the RFA clamp then creates ablation 
lesions extending to the SVC and down towards the IVC. A linear cryoprobe is used 
to create an endocardial ablation on the tricuspid annulus at the two o’clock posi-
tion. The cryoprobe is placed through the previously placed purse-string suture and 
an endocardial ablation is performed down to the 10 o’clock position on the tricus-
pid valve. When using a right mini-thoracotomy, the atriotomy is replaced by two 
additional purse-strings; one just above the intra-atrial septum midway between 
the SVC and IVC and one just next to the atrioventricular groove (Figure 6).

The LA lesion set is then performed under cardioplegic arrest. The LAA is 
amputated and the RFA clamp passed through to create a connecting lesion into 
the left superior pulmonary vein. The coronary sinus is marked with methylene 
blue at a point between the left and the right coronary arteries. A left atriotomy is 
performed and the posterior LA isolated using the RFA clamp both inferiorly and 
superiorly to connect the atriotomy to the previously made left pulmonary vein 
lesion (Figure 7). From the inferior part of the atriotomy an ablation lesion towards 
the mitral annulus is created. This lesion crosses the coronary sinus between the 
right coronary artery (RCA) and the circumflex artery. Cryoablation is then used 
to bridge the 2 cm gap from the end of the RFA lesion to the mitral valve annulus. 
Completion of the LA lesion set is carried out by cryoablating the coronary sinus in 
line with the isthmus lesion on the epicardial surface [30].

4.1 Thoracoscopic surgery

The MAZE IV is regarded as the gold standard surgical treatment for 
AF. However, the surgery although highly effective is quite invasive with related 
complications. Therefore, the totally thoracoscopic ablation procedure is gaining 
support as a minimally invasive alternative, and being performed both in a non-
hybrid or (staged) hybrid setting. A large variety of thoracoscopic approaches are 
now established and regarded as safe [31] (Figure 8). Totally, thoracoscopic LA 
‘MAZE’ procedures and PVI are described [32]. The procedures can be performed 

Figure 6. 
Right atrial lesion sets for MAZE IV procedure. (A) Majority of linear lesions are created using bipolar 
radiofrequency clamps, and blue shades represent cryoablation lesions placed at two points on the tricuspid 
annulus through direct vision or small purse-string sutures (red arrows). (B) Linear lesions also can be created 
with cryoablation if required for mini-thoracotomy. Right atrial lesion set consisting of an ablation line along 
the SVC and IVC, ablation along the RA free wall with line to tricuspid valve annulus [106].
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groove near the free margin of the heart is made at least 2 cm from the free wall 
lesion. From the inferior aspect of the incision, the RFA clamp then creates ablation 
lesions extending to the SVC and down towards the IVC. A linear cryoprobe is used 
to create an endocardial ablation on the tricuspid annulus at the two o’clock posi-
tion. The cryoprobe is placed through the previously placed purse-string suture and 
an endocardial ablation is performed down to the 10 o’clock position on the tricus-
pid valve. When using a right mini-thoracotomy, the atriotomy is replaced by two 
additional purse-strings; one just above the intra-atrial septum midway between 
the SVC and IVC and one just next to the atrioventricular groove (Figure 6).

The LA lesion set is then performed under cardioplegic arrest. The LAA is 
amputated and the RFA clamp passed through to create a connecting lesion into 
the left superior pulmonary vein. The coronary sinus is marked with methylene 
blue at a point between the left and the right coronary arteries. A left atriotomy is 
performed and the posterior LA isolated using the RFA clamp both inferiorly and 
superiorly to connect the atriotomy to the previously made left pulmonary vein 
lesion (Figure 7). From the inferior part of the atriotomy an ablation lesion towards 
the mitral annulus is created. This lesion crosses the coronary sinus between the 
right coronary artery (RCA) and the circumflex artery. Cryoablation is then used 
to bridge the 2 cm gap from the end of the RFA lesion to the mitral valve annulus. 
Completion of the LA lesion set is carried out by cryoablating the coronary sinus in 
line with the isthmus lesion on the epicardial surface [30].

4.1 Thoracoscopic surgery

The MAZE IV is regarded as the gold standard surgical treatment for 
AF. However, the surgery although highly effective is quite invasive with related 
complications. Therefore, the totally thoracoscopic ablation procedure is gaining 
support as a minimally invasive alternative, and being performed both in a non-
hybrid or (staged) hybrid setting. A large variety of thoracoscopic approaches are 
now established and regarded as safe [31] (Figure 8). Totally, thoracoscopic LA 
‘MAZE’ procedures and PVI are described [32]. The procedures can be performed 

Figure 6. 
Right atrial lesion sets for MAZE IV procedure. (A) Majority of linear lesions are created using bipolar 
radiofrequency clamps, and blue shades represent cryoablation lesions placed at two points on the tricuspid 
annulus through direct vision or small purse-string sutures (red arrows). (B) Linear lesions also can be created 
with cryoablation if required for mini-thoracotomy. Right atrial lesion set consisting of an ablation line along 
the SVC and IVC, ablation along the RA free wall with line to tricuspid valve annulus [106].
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using three ports on both sides. On the right side, the pericardium is opened anterior 
to the phrenic nerve, followed by exploration of Waterston’s groove for subsequent 
positioning of the ablation device. Prior to PVI, ganglionic plexus location is 

Figure 8. 
Thoracoscopic PVI and LAA occlusion procedure. (A) Patient position and ports on left side. (B) Bipolar 
ablation clamp being placed around pulmonary vein hilum. (C) Clip being placed at the base of the left atrial 
appendage [107].

Figure 7. 
Left atrial lesion sets for MAZE IV procedure. (A) Majority of linear lesions are created with bipolar 
radiofrequency clamps. Blue shades represent cryoablation lesions at the mitral isthmus and left pulmonary veins 
(minimally invasive approach). (B) Linear lesions can also be created with cryoablation if required for mini-
thoracotomy. Left atrial lesion set consisting of bilateral PVI, pulmonary vein roof and floor connecting lesions, 
lesion from LSPV and amputated LAA, and lesion from inferior atriotomy to mitral valve annulus [106].
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performed using a transpolar pen and high frequency pacing. A positive plexus 
location is ablated for 20 s with the transpolar pen. High-frequency pacing is again 
performed to confirm successful ganglionic plexus ablation, and repeated if neces-
sary. After isolating the right pulmonary veins, some techniques include making a 
trigonum line. From the trigonum line, a separate lesion is made to the LAA. Blunt 
dissection around the PVs is performed using a dissector and PVI achieved by bipolar 
RFA ablation clamp. A minimum of three overlapping ablation lesions are performed 
at the antrum of the right PVs. Conduction block is confirmed, by the absence of 
PV potentials if AF is present; and by pacing if SR is present. Ablation is repeated if 
necessary. Both a roof line and a floor line are created with a linear pen, making up 
the box lesion. Left sided procedure is then carried out in a similar fashion; the peri-
cardium is opened posterior to the phrenic nerve and ligament of Marshall divided. 
The LAAO is amputated/occluded by a verity of techniques [32, 33].

However, review of 14 thoracoscopic studies shows that a wide variety of lesion 
sets are used, most frequently the trigone line, connecting the roof line with the left 
fibrous trigone; the LAA line, connecting the superior PVs with the LAA; and the 
bi-caval line [31]. Most described techniques employ bipolar RFA.

4.2 COBRA Fusion device

There are many suitable types of minimally invasive ablation devices on the 
market and the box lesion technique is used in most of them. One such novel device 
is the COBRA Fusion device. For this device the transverse and oblique sinuses are 
bluntly dissected, along with the layer of fat in the area of the interatrial groove 
and transverse sinus. A special introducer, with a magnetic tip, is inserted into 
each sinus to meet behind the heart and form a loop, and the COBRA Fusion 150 
(Estech, San Ramon, CA) ablation catheter is then connected to the introducer and 
pulled around the PVs (Figure 9).

Contact between atrial tissue and the catheter is then achieved using a unique 
suction device, with a target of suction of −500 mm Hg. The catheter uses unipolar 
and bipolar RFA to create lesions. The RFA is applied in 2 steps using temperature-
control using a setting of 70°C for 60 s. Following this first cycle, the catheter is 
moved circumferentially to complete the box lesion and a second cycle of energy, 
both mono- and bipolar is applied. The continuity of lesion is checked visually in a 
reachable area, and a third overlapping ablation lesion performed if the line of the 
box lesion appears non-continuous. This third ablation is usually needed between 
the right superior pulmonary vein and the right inferior pulmonary vein mainly in 
patients with a large LA. In addition to visual inspection of the lesion line, in patients 

Figure 9. 
COBRA Fusion surgical ablation device. A versatile and flexible design for epicardial ablation [105].
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Figure 7. 
Left atrial lesion sets for MAZE IV procedure. (A) Majority of linear lesions are created with bipolar 
radiofrequency clamps. Blue shades represent cryoablation lesions at the mitral isthmus and left pulmonary veins 
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lesion from LSPV and amputated LAA, and lesion from inferior atriotomy to mitral valve annulus [106].
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performed using a transpolar pen and high frequency pacing. A positive plexus 
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sary. After isolating the right pulmonary veins, some techniques include making a 
trigonum line. From the trigonum line, a separate lesion is made to the LAA. Blunt 
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PV potentials if AF is present; and by pacing if SR is present. Ablation is repeated if 
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the box lesion. Left sided procedure is then carried out in a similar fashion; the peri-
cardium is opened posterior to the phrenic nerve and ligament of Marshall divided. 
The LAAO is amputated/occluded by a verity of techniques [32, 33].

However, review of 14 thoracoscopic studies shows that a wide variety of lesion 
sets are used, most frequently the trigone line, connecting the roof line with the left 
fibrous trigone; the LAA line, connecting the superior PVs with the LAA; and the 
bi-caval line [31]. Most described techniques employ bipolar RFA.
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pulled around the PVs (Figure 9).
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Figure 9. 
COBRA Fusion surgical ablation device. A versatile and flexible design for epicardial ablation [105].
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in SR exit block can be routinely tested by pacing the right PVs and the adjacent pos-
terior LA, and another ablation performed if necessary. Of note however, successful 
box lesion isolation is only achievable in a minority of patients (<50%) [34].

5. Evidence and guidelines supporting surgical ablation

The majority of high-quality RCTs and meta-analyses of surgical ablation are 
weighted towards, but not confined to concomitant mitral procedures. As compared 
with patients in SR, those with AF tend to be older and to have worse baseline risk 
profiles. High baseline risk influences the decision not to perform concomitant abla-
tion, nevertheless, the majority of studies advocate that worse risk profiles are not 
a contraindication to surgical ablation [35]. It is established that surgical ablation 
for AF can be performed without additional operative risk of mortality or major 
morbidity [35, 36]. Indeed, recent US registry data suggests that surgical ablation 
is associated with reduced mortality in multiple valve populations [37]. Currently, 
US guidelines recommended concomitant ablation during mitral surgery (Class 1, 
Level A), AVR, isolated CABG, and AVR + CABG (Class1, Level B) [35].

Surgical ablation for symptomatic AF in the absence of structural heart disease, 
refractory to medical therapy or catheter-based therapies, receives a class II recom-
mendation as a primary stand-alone procedure (Level B). In addition, surgical abla-
tion for symptomatic persistent or long-standing AF in the absence of structural 
heart disease is deemed reasonable as a stand-alone procedure, using the MAZE III/
IV in comparison to PVI alone (Class IIA, Level B). Current literature shows that 
few technical restrictions are present opposing surgical ablation at the time of open 
atrial operations, and most studies agree that AF incidence is approximately halved, 
with this benefit maintained at 1 year [35, 37].

5.1 Safety and efficacy of surgical ablation

Clear direct demonstration of survival benefit following surgical ablation is 
not straight forward, due to heterogeneous study groups, follow-up periods and 
limited sample sizes. However, a clear link between restoration of SR and survival 
is verified in the literature. Regardless of survival benefit, long-term quality of 
life improvement following surgical ablation has been demonstrated by many, but 
not all studies [38, 39]. Surgical ablation does not abolish stroke risk, but has been 
associated with reduction in long-term stroke risk.

Surgically untreated AF correlates with increased morbidity and mortality 
following AVR [40], and freedom from AF is greater after concomitant surgical AF 
ablation [35]. Reluctance to open the atria during AVR and or CABG discourages 
full MAZE procedures, and less extensive/invasive epicardial ablative methods 
are often favoured. Therefore, the potential consequences of non-adherence to the 
strict MAZE principles outlined earlier, on outcomes must be appreciated. As such, 
SR recovery appears to be greater with bi-atrial MAZE procedures compared to PVI 
alone during CABG and or AVR [41, 42]. As with mitral surgery, performing the 
MAZE procedure during AVR and/or CABG surgery is also established to be safe 
[43]. SR restoration rates greater than 95% at 5 years have been reported following 
MAZE procedure and CABG, and concomitant PVI with CABG improves restora-
tion of SR in paroxysmal AF, with SR rates greater than 85% at 18 months [41, 44]. 
The efficacy of surgical ablation following AVR and or CABG has been shown to be 
at least equivalent to, if not superior to that following mitral surgery [35, 45].

The European guidelines also advocate concomitant AF ablation during cardiac 
surgery and agree its safety [46, 47]. A variety of Class II recommendations are 
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made [46]: (A) MAZE surgery, preferably bi-atrial, is recommended in symp-
tomatic patients undergoing cardiac surgery to improve symptoms attributable to 
AF, balancing the added risk of the procedure and the benefit of rhythm control 
therapy. (B) Concomitant bi-atrial MAZE or PVI may be considered in asymptom-
atic AF patients undergoing cardiac surgery [48].

In stand-alone surgery, MAZE procedure via mini-thoracotomy or thoracoscopic 
PVI have shown success rates ranging from 60 to 85% at 1 year, and success follow-
ing failed catheter ablation [49, 50]. European guidelines are positive, expressing 
that isolated epicardial PVI via minimally invasive surgery, OR MAZE surgery 
potentially using a minimally invasive approach should be considered, in patients 
with symptomatic refractory AF and failed catheter ablation.

Thoracoscopic ablation may be more effective in restoring SR than catheter abla-
tion in selected patients, although rate of complications is higher in the surgically 
group [51, 52]. With ever improving ablation technology and surgical instrumenta-
tion, the ability to perform larger lesion sets via a minimally invasive approach is 
likely to increase; and lead to expansion in the use of stand-alone AF surgery, and 
hybrid surgical-electrophysiological ablation. Data relating to hybrid procedures is 
encouraging, with success rates greater than 80% at 1 year [53, 54]. Long procedure 
times currently impede greater use, and more evidence is required to define optimal 
patient selection and long-term efficacy.

5.2 Limitations of evidence

The data discussed thus far is encouraging for surgical AF ablation. However, 
it is impossible to draw firm conclusions from the large amount of data relating to 
surgical AF ablation, with relation to survival, and definitive conclusions relating 
to efficacy, are hampered by the multi-level heterogeneity, with respect to lesion set 
performed, nature/duration of AF, patient population, follow up duration and defi-
nition/assessment of rhythm outcomes. Satisfactorily sized randomised trials, with 
standardised lesion sets, energy devices, uniform follow-up and rhythm assessment 
are needed to provide high level evidence; and are in progress.

A recent Cochrane review of 22 published trials concluded for patients with AF 
undergoing cardiac surgery, that concomitant AF surgery doubles the rate of free-
dom from AF/atrial arrhythmias while increasing the risk of permanent pacemaker 
(PPM) implantation. However, the authors described the available evidence as only 
moderate quality, and concluded that effects on mortality were uncertain. Significant 
heterogeneity was encountered amongst studies, but safety, stroke risk, and health-
related quality of life were not affected by concomitant surgical AF ablation. No 
benefit of one type of AF ablation over another was demonstrated [47]. All included 
studies were rated as being at a high risk of bias in at least one assessed domain. The 
recently published AMAZE randomised trial from Papworth, re-established that sur-
gical ablation increases the proportion of patients in SR at 12 months and 24 months: 
61.5% versus 46.9% and 58.5% versus 36.4%, respectively. The trialists concluded 
that surgical ablation was safe, but it did not improve quality of life or survival at 
2 years, a relatively early time point. There was no significant difference in stroke-
free survival, in serious adverse events, operative or overall survival, cardioversion 
or PPM implantation [55]. A major limitation of this study is that lesion sets were not 
standardised between surgeons. The longer-term results are awaited.

5.3 Pulmonary vein isolation versus MAZE procedure

The majority of surgical ablation studies in stand-alone AF have employed 
minimally invasive approaches; most frequently thoracoscopic off-pump RF PVI 
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box lesion isolation is only achievable in a minority of patients (<50%) [34].

5. Evidence and guidelines supporting surgical ablation

The majority of high-quality RCTs and meta-analyses of surgical ablation are 
weighted towards, but not confined to concomitant mitral procedures. As compared 
with patients in SR, those with AF tend to be older and to have worse baseline risk 
profiles. High baseline risk influences the decision not to perform concomitant abla-
tion, nevertheless, the majority of studies advocate that worse risk profiles are not 
a contraindication to surgical ablation [35]. It is established that surgical ablation 
for AF can be performed without additional operative risk of mortality or major 
morbidity [35, 36]. Indeed, recent US registry data suggests that surgical ablation 
is associated with reduced mortality in multiple valve populations [37]. Currently, 
US guidelines recommended concomitant ablation during mitral surgery (Class 1, 
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with this benefit maintained at 1 year [35, 37].
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not straight forward, due to heterogeneous study groups, follow-up periods and 
limited sample sizes. However, a clear link between restoration of SR and survival 
is verified in the literature. Regardless of survival benefit, long-term quality of 
life improvement following surgical ablation has been demonstrated by many, but 
not all studies [38, 39]. Surgical ablation does not abolish stroke risk, but has been 
associated with reduction in long-term stroke risk.

Surgically untreated AF correlates with increased morbidity and mortality 
following AVR [40], and freedom from AF is greater after concomitant surgical AF 
ablation [35]. Reluctance to open the atria during AVR and or CABG discourages 
full MAZE procedures, and less extensive/invasive epicardial ablative methods 
are often favoured. Therefore, the potential consequences of non-adherence to the 
strict MAZE principles outlined earlier, on outcomes must be appreciated. As such, 
SR recovery appears to be greater with bi-atrial MAZE procedures compared to PVI 
alone during CABG and or AVR [41, 42]. As with mitral surgery, performing the 
MAZE procedure during AVR and/or CABG surgery is also established to be safe 
[43]. SR restoration rates greater than 95% at 5 years have been reported following 
MAZE procedure and CABG, and concomitant PVI with CABG improves restora-
tion of SR in paroxysmal AF, with SR rates greater than 85% at 18 months [41, 44]. 
The efficacy of surgical ablation following AVR and or CABG has been shown to be 
at least equivalent to, if not superior to that following mitral surgery [35, 45].
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tomatic patients undergoing cardiac surgery to improve symptoms attributable to 
AF, balancing the added risk of the procedure and the benefit of rhythm control 
therapy. (B) Concomitant bi-atrial MAZE or PVI may be considered in asymptom-
atic AF patients undergoing cardiac surgery [48].

In stand-alone surgery, MAZE procedure via mini-thoracotomy or thoracoscopic 
PVI have shown success rates ranging from 60 to 85% at 1 year, and success follow-
ing failed catheter ablation [49, 50]. European guidelines are positive, expressing 
that isolated epicardial PVI via minimally invasive surgery, OR MAZE surgery 
potentially using a minimally invasive approach should be considered, in patients 
with symptomatic refractory AF and failed catheter ablation.

Thoracoscopic ablation may be more effective in restoring SR than catheter abla-
tion in selected patients, although rate of complications is higher in the surgically 
group [51, 52]. With ever improving ablation technology and surgical instrumenta-
tion, the ability to perform larger lesion sets via a minimally invasive approach is 
likely to increase; and lead to expansion in the use of stand-alone AF surgery, and 
hybrid surgical-electrophysiological ablation. Data relating to hybrid procedures is 
encouraging, with success rates greater than 80% at 1 year [53, 54]. Long procedure 
times currently impede greater use, and more evidence is required to define optimal 
patient selection and long-term efficacy.

5.2 Limitations of evidence

The data discussed thus far is encouraging for surgical AF ablation. However, 
it is impossible to draw firm conclusions from the large amount of data relating to 
surgical AF ablation, with relation to survival, and definitive conclusions relating 
to efficacy, are hampered by the multi-level heterogeneity, with respect to lesion set 
performed, nature/duration of AF, patient population, follow up duration and defi-
nition/assessment of rhythm outcomes. Satisfactorily sized randomised trials, with 
standardised lesion sets, energy devices, uniform follow-up and rhythm assessment 
are needed to provide high level evidence; and are in progress.

A recent Cochrane review of 22 published trials concluded for patients with AF 
undergoing cardiac surgery, that concomitant AF surgery doubles the rate of free-
dom from AF/atrial arrhythmias while increasing the risk of permanent pacemaker 
(PPM) implantation. However, the authors described the available evidence as only 
moderate quality, and concluded that effects on mortality were uncertain. Significant 
heterogeneity was encountered amongst studies, but safety, stroke risk, and health-
related quality of life were not affected by concomitant surgical AF ablation. No 
benefit of one type of AF ablation over another was demonstrated [47]. All included 
studies were rated as being at a high risk of bias in at least one assessed domain. The 
recently published AMAZE randomised trial from Papworth, re-established that sur-
gical ablation increases the proportion of patients in SR at 12 months and 24 months: 
61.5% versus 46.9% and 58.5% versus 36.4%, respectively. The trialists concluded 
that surgical ablation was safe, but it did not improve quality of life or survival at 
2 years, a relatively early time point. There was no significant difference in stroke-
free survival, in serious adverse events, operative or overall survival, cardioversion 
or PPM implantation [55]. A major limitation of this study is that lesion sets were not 
standardised between surgeons. The longer-term results are awaited.

5.3 Pulmonary vein isolation versus MAZE procedure

The majority of surgical ablation studies in stand-alone AF have employed 
minimally invasive approaches; most frequently thoracoscopic off-pump RF PVI 
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plus LAA amputation. Overall rates of freedom from AF of approximately 70–85% 
are reported at 12 months. Most studies, but not all, show conversion rates to be 
higher in paroxysmal AF than persistent AF when using PVI [56–58]. It is generally 
accepted that PVI is a reasonable treatment for paroxysmal AF with freedom rates 
of 70% reported at 5 years [59]. Direct randomised comparison between PVI and 
MAZE procedures is hard to find, with studies displaying marked heterogeneity.

In non-paroxysmal AF, PVI alone does not seem to be sufficient for maintenance 
of SR. In permanent AF patients with LA dilatation and valvular disease, additional 
lesions seem necessary. Systematic review of multiple studies shows that isolated 
PVI, has inferior efficacy to on-pump endocardial MAZE procedures, in patients 
with stand-alone AF, with a clear advantage of performing additional atrial lesions 
[60]. These effects are echoed in non-stand-alone AF. In a recent study of 260 
patients undergoing mitral valve surgery, with pre-dominantly non-paroxysmal AF, 
patients underwent surgical ablation with either PVI or biatrial MAZE, or mitral 
valve surgery alone. At, 12 months post-surgery, both ablation groups showed lower 
rates of AF than those undergoing mitral valve surgeries alone. A higher rate of AF 
was seen in the PVI group compared to biatrial MAZE (36% versus 23%). The aim of 
this study was primarily to assess a novel rhythm monitoring strategy post-surgery, 
and not lesion set comparison. The trial was not powered to detect a difference 
between the PVI and biatrial MAZE, but re-enforced other studies findings that a 
more complete lesion set may be superior in restoring SR, in patients undergoing 
mitral valve surgery [61]. In patients undergoing aortic or mitral valve surgery with 
permanent AF, PVI alone has been shown to be significantly inferior to PVI + addi-
tional LA lesions in restoration of SR; 25% versus 86% at 2 years [62]. This study 
along with others has demonstrated via electrophysiological mapping that complete 
continuous isolation of the pulmonary veins is often not achieved during surgi-
cal ablation. In a combined population of paroxysmal and persistent AF patients 
undergoing the Cox-Maze IV procedure, superior freedom from AF was obtained 
when patients received complete posterior LA isolation via a box-lesion, compared 
to a line between the inferior PVs only. Patients received a variety of concomitant 
procedures in this study including; CABG, mitral valve repair, tricuspid valve 
replacement, closure of patent foramen and aortic valve replacement [63]. Gillinov 
et al. showed in a randomised mitral valve surgical population with persistent or 
long-standing persistent AF that surgical ablation significantly improved freedom 
from AF at 1 year [64]. In a sub-set analysis they showed that PVI alone in com-
parison to biatrial lesion set creation appeared to show equivalent results; approxi-
mately 60% freedom from AF at 1 year. The authors have commented that the study 
was not adequately powered to show a difference between the two ablation sets, and 
emphasised the need for larger randomised studies to explore this question. This 
study has also received criticism for the relatively low percentage use of bipolar RFA 
in the PVI group (43%), relatively low success rate of freedom from AF at 1 year 
(60%), and the creation of biatrial lesion sets that did not strictly adhere to the true 
MAZE concept. The latter criticism, coupled to the factor that adequacy of PVI was 
confirmed electrophyisologically intra-operatively, may have led to the enhanced 
efficacy of PVI seen in this study, in this population.

5.4 Post-operative and peri-operative drug therapy

5.4.1 Anticoagulation

Following surgical AF ablation, full anticoagulation is common and reasonable 
until durable restoration of SR is proven, as long as safety criteria for anticoagula-
tion are met. Anticoagulation is usually continued until stable SR is documented by 
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the very least 24-h Holter monitoring. The time point at which monitoring should 
be conducted is debated, but is commonly at the 6 month follow up point, but many 
advocate rhythm monitoring at 1 year or beyond, and at multiple time points to 
capture late recurrence [35]. Sensible practice also recommends an echocardiogram 
before discontinuing anticoagulation to confirm adequate LA emptying.

5.4.2 Anti-arrhythmic therapy

There are currently no guideline recommendations for specific anti-arrhythmic 
drug therapy following surgical ablation. Randomised, controlled, prospective 
data relating to this question is lacking and is desirable. As discussed earlier there 
is marked heterogeneity between surgical ablation studies, and this extends to 
definition of AF recurrence, rhythm assessment protocols and also anti-arrhythmic 
therapy. Forming firm conclusions based on these studies relating to optimal drug 
therapy regimens, would be non-scientific and inappropriate. For example, in the 
recently performed AMAZE trial, amiodarone use in the post-operative period was 
standardised; however, beta blocker use was left up to the discretion of treating 
teams [55].

Overall, anti-arrhythmic drug therapy is commonly given for 8–12 weeks after 
catheter or surgical ablation to reduce early AF recurrence. In addition, a 3 month 
immediate ‘blanking period’, in which rhythm assessment is not performed, is 
usually employed. A recent controlled trial in a catheter ablation population showed 
that amiodarone halved early AF recurrences compared with placebo [65].

The ESC guidelines on the management of AF raise the concern that prospective 
studies are lacking with relation to anti-arrhythmic therapy post-catheter ablation, 
and available evidence is weak [46]. They conclude that better AF prevention is 
afforded after catheter ablation with anti-arrhythmic therapy, and this represents 
reasonable practice. Review of the literature relating to surgical ablation reveals 
that this sensible practice is employed almost universally. AF conversion is generally 
measured by the percent of patients off class I or III antiarrhythmic drugs and free 
of atrial tachyarrhythmia at 3, 6, 9, 12, and 24 months postoperatively. Recurrence 
is generally defined as any atrial tachyarrhythmia lasting longer than 30 s on a 24-h 
Holter monitor recording 6 months after surgical ablation. Amiodarone is the most 
commonly used drug for enhancing rhythm control post-surgical ablation, although 
routine use is not universal. Concomitant use of beta-blockade is common, although, 
not always routine. A multitude of data exists relating to the likely benefits of statins, 
amiodarone and various other drug regimens in the prevention of post-operative AF 
during routine cardiac surgery. To extrapolate this data to the surgical AF ablation 
population is reasonable. However, detailed, controlled studies are needed to define 
the precise short and long-term impact of drug therapy following surgical ablation 
procedures. Specific delineation of differences between different populations, e.g. 
CABG versus valvular disease groups, and differing drug regimens is necessary, but 
maybe challenging. The lack of definite evidence relating to drug therapy is reflected 
by the STS recommendation for multidisciplinary heart team assessment and long-
term follow up to optimise outcomes of surgical ablation for AF [35].

5.5 Animal studies

Safety and feasibility of surgical ablation technology and techniques was first 
explored in animal studies. The animal studies described here, stem from the efforts 
made to firstly (A) transition away from the traditional, technically demanding cut 
and sew MAZE procedure, as well as to (B) develop quicker, less invasive, +/− beat-
ing heart, surgical ablation techniques.
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the very least 24-h Holter monitoring. The time point at which monitoring should 
be conducted is debated, but is commonly at the 6 month follow up point, but many 
advocate rhythm monitoring at 1 year or beyond, and at multiple time points to 
capture late recurrence [35]. Sensible practice also recommends an echocardiogram 
before discontinuing anticoagulation to confirm adequate LA emptying.

5.4.2 Anti-arrhythmic therapy

There are currently no guideline recommendations for specific anti-arrhythmic 
drug therapy following surgical ablation. Randomised, controlled, prospective 
data relating to this question is lacking and is desirable. As discussed earlier there 
is marked heterogeneity between surgical ablation studies, and this extends to 
definition of AF recurrence, rhythm assessment protocols and also anti-arrhythmic 
therapy. Forming firm conclusions based on these studies relating to optimal drug 
therapy regimens, would be non-scientific and inappropriate. For example, in the 
recently performed AMAZE trial, amiodarone use in the post-operative period was 
standardised; however, beta blocker use was left up to the discretion of treating 
teams [55].

Overall, anti-arrhythmic drug therapy is commonly given for 8–12 weeks after 
catheter or surgical ablation to reduce early AF recurrence. In addition, a 3 month 
immediate ‘blanking period’, in which rhythm assessment is not performed, is 
usually employed. A recent controlled trial in a catheter ablation population showed 
that amiodarone halved early AF recurrences compared with placebo [65].

The ESC guidelines on the management of AF raise the concern that prospective 
studies are lacking with relation to anti-arrhythmic therapy post-catheter ablation, 
and available evidence is weak [46]. They conclude that better AF prevention is 
afforded after catheter ablation with anti-arrhythmic therapy, and this represents 
reasonable practice. Review of the literature relating to surgical ablation reveals 
that this sensible practice is employed almost universally. AF conversion is generally 
measured by the percent of patients off class I or III antiarrhythmic drugs and free 
of atrial tachyarrhythmia at 3, 6, 9, 12, and 24 months postoperatively. Recurrence 
is generally defined as any atrial tachyarrhythmia lasting longer than 30 s on a 24-h 
Holter monitor recording 6 months after surgical ablation. Amiodarone is the most 
commonly used drug for enhancing rhythm control post-surgical ablation, although 
routine use is not universal. Concomitant use of beta-blockade is common, although, 
not always routine. A multitude of data exists relating to the likely benefits of statins, 
amiodarone and various other drug regimens in the prevention of post-operative AF 
during routine cardiac surgery. To extrapolate this data to the surgical AF ablation 
population is reasonable. However, detailed, controlled studies are needed to define 
the precise short and long-term impact of drug therapy following surgical ablation 
procedures. Specific delineation of differences between different populations, e.g. 
CABG versus valvular disease groups, and differing drug regimens is necessary, but 
maybe challenging. The lack of definite evidence relating to drug therapy is reflected 
by the STS recommendation for multidisciplinary heart team assessment and long-
term follow up to optimise outcomes of surgical ablation for AF [35].

5.5 Animal studies

Safety and feasibility of surgical ablation technology and techniques was first 
explored in animal studies. The animal studies described here, stem from the efforts 
made to firstly (A) transition away from the traditional, technically demanding cut 
and sew MAZE procedure, as well as to (B) develop quicker, less invasive, +/− beat-
ing heart, surgical ablation techniques.
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The limitations of animal studies with relation to extrapolation of efficacy to 
humans must be borne in mind. There are known differences in atrial tissue and 
epicardial fat thickness, between the various used animal species and humans. 
Atrial thickness in the domestic pig is similar to that of the human, but levels of 
epicardial fat in the human are significantly greater, and so too is the thickness of 
diseased human atria [66]. In addition, electrophysiological differences with rela-
tion to impulse generation and AF pathophysiology, varies between animal species 
and humans. As with human studies, a multitude of devices and lesion sets have 
been employed, utilising both normal and chronically fibrillating hearts, precluding 
direct meaningful study comparison. As such, specific animal studies clearly dem-
onstrating efficacy of the MAZE procedure in restoration of SR are lacking. Overall, 
animal studies are best regarded as the preliminary studies that proved concept, 
safety and feasibility of surgical ablation in humans. They crucially provided the 
anatomical basis, technological characteristics/limitations, mechanistic insights and 
electrophysiological knowledge, which allowed informed ablation use in humans.

An early sheep study clearly established RFA to produce equally effective 
lesions to the cut and sew surgical technique. The RFA technique was shown to be 
significantly faster than incision technique with equivalent safety. In this 18 sheep, 
on-CPB endocardial ablation study, adequate lesion transmurality was demon-
strated using pacing at both acute and chronic (1 month) time points. The lesion 
set performed was similar but not identical to the classical MAZE procedure, and 
this study amongst others established RFA to be a simple, time saving alternative to 
surgical incisions during open heart MAZE procedures [67].

Examination of a variety of ablation technology devices, in various porcine 
beating heart ablation models, highlighted large variation in their ability to achieve 
transmurality [66]. The majority of devices failed to achieve full thickness lesions, a 
factor along with lesion continuity that has proven critical in preventing AF recur-
rence. Overall, the most consistently reliable devices for creating transmural lesions 
were demonstrated to be bipolar RFA clamps [68]. Although, highly reliable when 
performing PVI, use in creating intra-cardiac lesions during beating heart surgery 
is restricted to the right side, due to potential catastrophic effects of air embolism 
on the left. As such, the majority of beating heart animal studies study epicardial 
devices. Porcine studies amongst others, helped delineate the challenges facing 
surgical epicardial ablation. These included variability of atrial wall muscle thick-
ness and epicardial fat distribution, enhanced heat insulation by fat, and circulating 
intra-cavitary blood action as a potential heat sink [66]. These studies also identi-
fied the anatomical variation in reliability of transmurality achievement. Zones of 
difficulty, over Bachmann’s bundle, crista terminalis and at the mitral or tricuspid 
annuli, LAA and RAA were identified, along with zones of higher success around 
the pulmonary veins [69].

Acute and chronic studies using bipolar RF epicardial lesions have established 
that they do not significantly change pulmonary vein flow, nor cause significant 
acute or chronic pulmonary vein stenosis [68, 70]. In addition, pacing and epicardial 
mapping have both confirmed consistent, successful bidirectional isolation, with 
the real-time tissue conductance assessment, being able to reliably predict short and 
long term transmurality. Histologic examination re-enforced safety, showing safe 
discrete lesions without evidence of stricture, or aneurysm formation [70].

6. Complications of atrial fibrillation surgery

A disputed aspect surrounding surgical AF ablation is that of the relationship 
to PPM insertion. The rate of PPM insertion following surgical AF ablation varies 
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between 6% and 19%. The relationship is unclear, large meta-analyses comparing 
PPM insertion rates have demonstrated no significant increase in post-operative 
PPM requirement during concomitant AF ablation [48], yet a Cochrane review 
has demonstrated an increased requirement [47]. There is a presumed association 
between RA lesions and PPM implantation, and indeed a recent meta-analysis 
demonstrated that bi-atrial AF ablation surgery was associated with increased 
PPM insertion compared to isolated LA ablation [71]. Although not universal, most 
clinical studies show the increased need for PPM after AF ablation surgery to be 
driven mainly by sick sinus syndrome [9]. A proposed possible explanation is that 
of unmasking preoperative sinus node dysfunction. However, due to a multitude of 
confounding variables and lack of accurate reporting of preoperative data, it is not 
possible to precisely establish a causal mechanism.

As discussed earlier, despite increased CPB time and hospital length of stay, 
in the modern era, concomitant surgical AF ablation is regarded as safe, with no 
increase in mortality demonstrated [47, 72]. In addition, most studies demonstrate 
no increase in peri-operative stroke [47, 72]. Overall, the frequency of cardiac 
tamponade, pericardial effusion, myocardial infarction and re-operative bleeding 
does not appear to increase following concomitant surgical AF ablation [47, 72]. 
With relation to minimally invasive MAZE procedures and surgical AF ablation 
for stand-alone AF, safety is also acceptable. Minimally invasive epicardial surgical 
ablation is perceived to be safer than the endocardial MAZE procedure, because the 
former requires smaller incisions and does not require CPB. However, no statisti-
cally significant difference in mortality has been demonstrated [73]. Mortality rates 
of less than 0.5% are reported [60]. Results vary and are technique dependent, 
with some analyses showing lower re-operative bleeding rates and conversion to 
sternotomy with minimally invasive endocardial MAZE procedure [60], and others 
favouring minimally invasive epicardial surgical ablation without the use of CPB 
[73]. Similar conflicting results are noted with respect to the incidence of renal 
failure and hospital length of stay. As mentioned earlier, controlled studies are 
required to precisely delineate relationships between efficacy and safety of various 
minimally invasive techniques.

6.1 Predictors of AF recurrence following surgical ablation

Great efforts have been directed towards identifying predictors of AF recur-
rence, but have been hampered by the heterogeneity of studies with relation to 
ablation set, AF characteristics, rhythm assessment and pharmacological regi-
mens, amongst other variables. Risk factors for recurrence are broadly classified 
into pre-operative variables and intra-operative variables. Preoperative variables 
associated with AF recurrence include increasing LA diameter [15, 74, 75], age [76], 
and prolonged pre-operative duration of AF [75, 76]. In an excellent 280 patient 
prospective study, Damiano et al. showed in patients with both paroxysmal AF and 
persistent AF three risk factors for AF recurrence following the MAZE IV proce-
dure: increasing LA size, early post-operative AF and failure to anatomically isolate 
the entire posterior LA [15]. LA size of over 8 cm being has been shown by the same 
group to correlate with a >50% chance of AF recurrence. Gillinov et al. also showed 
in approximately 260 patients undergoing the cut and sew MAZE III procedure and 
mitral valve surgery, in a cohort of predominantly permanent AF patients, that risk 
factors for AF recurrence included longer duration of AF, larger LA diameter, older 
age, and higher left ventricular mass index [76]. In a systematic review involving 5200 
patients from 19 studies the authors showed that AF recurrence after surgical ablation 
was again most often predicted by LA size, duration of AF and age [75]. They also 
concluded that the innate heterogeneity of published data precluded a meta-analysis 
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The limitations of animal studies with relation to extrapolation of efficacy to 
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on-CPB endocardial ablation study, adequate lesion transmurality was demon-
strated using pacing at both acute and chronic (1 month) time points. The lesion 
set performed was similar but not identical to the classical MAZE procedure, and 
this study amongst others established RFA to be a simple, time saving alternative to 
surgical incisions during open heart MAZE procedures [67].

Examination of a variety of ablation technology devices, in various porcine 
beating heart ablation models, highlighted large variation in their ability to achieve 
transmurality [66]. The majority of devices failed to achieve full thickness lesions, a 
factor along with lesion continuity that has proven critical in preventing AF recur-
rence. Overall, the most consistently reliable devices for creating transmural lesions 
were demonstrated to be bipolar RFA clamps [68]. Although, highly reliable when 
performing PVI, use in creating intra-cardiac lesions during beating heart surgery 
is restricted to the right side, due to potential catastrophic effects of air embolism 
on the left. As such, the majority of beating heart animal studies study epicardial 
devices. Porcine studies amongst others, helped delineate the challenges facing 
surgical epicardial ablation. These included variability of atrial wall muscle thick-
ness and epicardial fat distribution, enhanced heat insulation by fat, and circulating 
intra-cavitary blood action as a potential heat sink [66]. These studies also identi-
fied the anatomical variation in reliability of transmurality achievement. Zones of 
difficulty, over Bachmann’s bundle, crista terminalis and at the mitral or tricuspid 
annuli, LAA and RAA were identified, along with zones of higher success around 
the pulmonary veins [69].

Acute and chronic studies using bipolar RF epicardial lesions have established 
that they do not significantly change pulmonary vein flow, nor cause significant 
acute or chronic pulmonary vein stenosis [68, 70]. In addition, pacing and epicardial 
mapping have both confirmed consistent, successful bidirectional isolation, with 
the real-time tissue conductance assessment, being able to reliably predict short and 
long term transmurality. Histologic examination re-enforced safety, showing safe 
discrete lesions without evidence of stricture, or aneurysm formation [70].

6. Complications of atrial fibrillation surgery

A disputed aspect surrounding surgical AF ablation is that of the relationship 
to PPM insertion. The rate of PPM insertion following surgical AF ablation varies 
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between 6% and 19%. The relationship is unclear, large meta-analyses comparing 
PPM insertion rates have demonstrated no significant increase in post-operative 
PPM requirement during concomitant AF ablation [48], yet a Cochrane review 
has demonstrated an increased requirement [47]. There is a presumed association 
between RA lesions and PPM implantation, and indeed a recent meta-analysis 
demonstrated that bi-atrial AF ablation surgery was associated with increased 
PPM insertion compared to isolated LA ablation [71]. Although not universal, most 
clinical studies show the increased need for PPM after AF ablation surgery to be 
driven mainly by sick sinus syndrome [9]. A proposed possible explanation is that 
of unmasking preoperative sinus node dysfunction. However, due to a multitude of 
confounding variables and lack of accurate reporting of preoperative data, it is not 
possible to precisely establish a causal mechanism.

As discussed earlier, despite increased CPB time and hospital length of stay, 
in the modern era, concomitant surgical AF ablation is regarded as safe, with no 
increase in mortality demonstrated [47, 72]. In addition, most studies demonstrate 
no increase in peri-operative stroke [47, 72]. Overall, the frequency of cardiac 
tamponade, pericardial effusion, myocardial infarction and re-operative bleeding 
does not appear to increase following concomitant surgical AF ablation [47, 72]. 
With relation to minimally invasive MAZE procedures and surgical AF ablation 
for stand-alone AF, safety is also acceptable. Minimally invasive epicardial surgical 
ablation is perceived to be safer than the endocardial MAZE procedure, because the 
former requires smaller incisions and does not require CPB. However, no statisti-
cally significant difference in mortality has been demonstrated [73]. Mortality rates 
of less than 0.5% are reported [60]. Results vary and are technique dependent, 
with some analyses showing lower re-operative bleeding rates and conversion to 
sternotomy with minimally invasive endocardial MAZE procedure [60], and others 
favouring minimally invasive epicardial surgical ablation without the use of CPB 
[73]. Similar conflicting results are noted with respect to the incidence of renal 
failure and hospital length of stay. As mentioned earlier, controlled studies are 
required to precisely delineate relationships between efficacy and safety of various 
minimally invasive techniques.

6.1 Predictors of AF recurrence following surgical ablation

Great efforts have been directed towards identifying predictors of AF recur-
rence, but have been hampered by the heterogeneity of studies with relation to 
ablation set, AF characteristics, rhythm assessment and pharmacological regi-
mens, amongst other variables. Risk factors for recurrence are broadly classified 
into pre-operative variables and intra-operative variables. Preoperative variables 
associated with AF recurrence include increasing LA diameter [15, 74, 75], age [76], 
and prolonged pre-operative duration of AF [75, 76]. In an excellent 280 patient 
prospective study, Damiano et al. showed in patients with both paroxysmal AF and 
persistent AF three risk factors for AF recurrence following the MAZE IV proce-
dure: increasing LA size, early post-operative AF and failure to anatomically isolate 
the entire posterior LA [15]. LA size of over 8 cm being has been shown by the same 
group to correlate with a >50% chance of AF recurrence. Gillinov et al. also showed 
in approximately 260 patients undergoing the cut and sew MAZE III procedure and 
mitral valve surgery, in a cohort of predominantly permanent AF patients, that risk 
factors for AF recurrence included longer duration of AF, larger LA diameter, older 
age, and higher left ventricular mass index [76]. In a systematic review involving 5200 
patients from 19 studies the authors showed that AF recurrence after surgical ablation 
was again most often predicted by LA size, duration of AF and age [75]. They also 
concluded that the innate heterogeneity of published data precluded a meta-analysis 
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for predictors of surgical ablation success, and highlighted the need for consistent 
and reliable outcome predictors, and a standardised system of measurement for 
clinical parameters.

Impact of intra-operative variables such as energy source and lesion set are a 
contested area. Again, heterogeneity of studies hinders comparison. Overall it is 
difficult to demonstrate that use of various energy sources affects AF recurrence 
rates. Similar long-term success rates have been observed with either uni- or bipolar 
RFA and cryoablation [77], yet both superiority of either bipolar RFA [78] or 
monopolar [79] has been shown in different studies. Although not certain, the bi-
atrial lesion set appears to display superiority to isolated LA lesion set in prevention 
of AF recurrence [78, 80]. In addition, modifiable risk factors such as hypertension, 
diabetes and smoking are implicated in surgical ablation failure [81].

7. Surgical versus catheter ablation

Catheter ablation is highly effective for the treatment of symptomatic, drug 
refractory AF. The reported efficacy for catheter ablation varies widely, although 
freedom from AF of up to 70% is reported, with worldwide registry data showing a 
procedural major adverse event rate of ~ 4.5%. Catheter ablation for the treatment 
of AF is currently recommended by guidelines as a second-line therapy in patients 
with paroxysmal and persistent AF after treatment with ≥1 antiarrhythmic drug 
has failed (Class I recommendation for paroxysmal AF, Class IIa for persistent AF, 
and Class IIb for long-stranding persistent). Most randomised controlled trials 
(RCTs) of drug therapy versus catheter ablation have studied patients with pre-
served left ventricular function [82]. Recently, RCTs have also shown the benefit 
of rhythm control with catheter ablation over medical therapy for AF associated 
with heart failure [83]. A recent meta-analysis examining six RCTs confirmed these 
findings demonstrating catheter ablation to be superior to medical therapy for AF 
in patients with HF, resulting in greater improvement in LVEF, quality of life and 
functional status, with a definite survival benefit [84]. Results from the recent 
CABANA trial also echo these positive catheter ablation effects in HF patients [85]. 
Although variable, a pooled freedom from AF of 71% was seen in this analysis.

There is not much direct comparison of surgical ablation versus catheter abla-
tion in the literature. The FAST study included 124 patients with drug–refractory 
AF, LA dilatation and hypertension or failed prior catheter ablation. Patients were 
randomised to either catheter ablation or thoracoscopic surgical ablation. Catheter 
ablation consisted of linear antral PVI and optional additional lines. Surgical abla-
tion consisted of bipolar RF PVI, ganglionated plexi ablation, and LAA excision 
with optional additional lines. Freedom from AF was superior for surgical ablation at 
12 months (36.5% versus 65.6%), but this was at the expense of greater rate of compli-
cations, driven mainly by pneumothorax, major bleeding, and the need for PPM [52]. 
A meta-analysis of eight studies showed that thoracoscopic surgical ablation showed 
significantly greater freedom from AF at 12-months compared to catheter ablation 
(78.4 versus 53%), with a reduced requirement for repeat ablation [86]. This superior-
ity was maintained in paroxysmal and persistent AF subgroups. However, again, com-
plications were shown to be considerably higher in the surgical group, driven mainly 
by pleural effusion and pneumothorax. Limitations of the data were the retrospective 
nature of some of the included studies and the heterogeneity of patients involved.

The superior efficacy demonstrated by surgical intervention is postulated to be 
due to several factors [86]. The ablation lesion set employed with surgery is gener-
ally much more extensive including PVI, but also targeted epicardial ganglionic 
plexi, LAA excision and additional LA lines. The importance of ganglionic plexi 
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and the LAA in perpetuating AF re-entrant circuits is well recognised [87, 88]. In 
catheter ablation relative inadequate treatment may be occurring, as additional 
ablation lines are often not performed, with endocardial lesions consisting of PVI 
using wide-area antrum ablation alone. In addition, a better ability of surgical 
technology to create adequate transmural lesions may underlie its superior efficacy.

Debate continues regarding the optimal lesion set for stand-alone surgical abla-
tion. Specifically, the comparative efficacy of strategies of PVI versus extended LA 
lesion sets, or MAZE IV approach remains unknown, and requires further study. 
Further controlled studies are also needed to delineate the apparent supremacy of 
surgical ablation over catheter ablation. However, concerns relating to the higher 
rate of complications and prolonged length of stay of the more invasive surgical 
approach currently impede adoption of its use on a broader scale. The majority of 
these complications are non-severe and managed conservatively, and whether such 
this level of apprehension is justified is unclear. Surgical ablation is increasingly 
performed as a stand-alone procedure and with improving technology and surgical 
skill its use is likely to expand with time, either on its own or as part of a hybrid 
electrophysiological approach.

7.1 Electrophysiological mapping

Unfortunately electrophysiological evaluation after bipolar RF PV isolation has 
been scarcely performed. Only a small minority of surgical ablation studies have per-
formed detailed intra-operative or peri-operative validation of ablation sets [64]. It is 
clear that confirmation of adequacy of ablation transmurality and continuity impacts 
upon surgical ablation efficacy and subsequent AF recurrence rate [89, 90]. Several 
factors oppose routine electrophysiological validation of ablation including; (A) 
technically challenging to adequately pace in between instead of on the performed 
ablation lines, (B) time consuming to perform correctly; with epicardial lesions, at 
least 20 min between PV isolation and endocardial validation is needed and (C) pre-
cise delineation of the border between conducting and non-conducting tissue at the 
distal sleeve of the PV is sometimes difficult to perform without complex mapping 
techniques. In its simplest form following PVI, entrance block is defined as failure to 
capture the PVs during pacing from the LA, and exit block can be defined by failure 
to capture the LA, when pacing from the PVs distal to the RF lesions.

Following minimally invasive PVI, recurrence rates as high as 40% have been 
seen despite intra-operative electrophysiological validation. Repeat electrophysi-
ological investigation shows the vast majority are due to PV reconnection. In 
mini-MAZE [90] and total thoracoscopic procedures [91] intra-operative electro-
physiological validation has been associated with higher success rates of 84% and 
93% at 24 and 12 months respectively, in mixed AF populations. Sophisticated 3D 
electrophysiological mapping again showed recurrence was secondary to PV gaps in 
50% of patients, with ectopic foci in LAA, peri-mitral LA roof flutter in the remain-
der. Post-operative recurrence is generally amenable to catheter ablation, with good 
intermediate-term success [92]. These findings re-enforce the growing belief that 
the hybrid ablation approach, either immediate or staged will produce the best long 
term ablation outcomes. Augmented success rates with a combined staged hybrid 
approach have been achieved, with a required catheter-based ‘touch up’ rate of 
approximately 20% following surgical intervention [93].

The predominant factor in AF recurrence post-ablation is PV reconnection or 
incomplete isolation. Several reasons for the gaps around the PVI ring are impli-
cated: (A) clamp application failure over the roof of the superior PVs, (B) incom-
plete clamping at the bottom of inferior PV, (C) clamp application failure at the 
antral side of the PV due to the long distance between the superior and inferior PVs, 
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for predictors of surgical ablation success, and highlighted the need for consistent 
and reliable outcome predictors, and a standardised system of measurement for 
clinical parameters.

Impact of intra-operative variables such as energy source and lesion set are a 
contested area. Again, heterogeneity of studies hinders comparison. Overall it is 
difficult to demonstrate that use of various energy sources affects AF recurrence 
rates. Similar long-term success rates have been observed with either uni- or bipolar 
RFA and cryoablation [77], yet both superiority of either bipolar RFA [78] or 
monopolar [79] has been shown in different studies. Although not certain, the bi-
atrial lesion set appears to display superiority to isolated LA lesion set in prevention 
of AF recurrence [78, 80]. In addition, modifiable risk factors such as hypertension, 
diabetes and smoking are implicated in surgical ablation failure [81].

7. Surgical versus catheter ablation

Catheter ablation is highly effective for the treatment of symptomatic, drug 
refractory AF. The reported efficacy for catheter ablation varies widely, although 
freedom from AF of up to 70% is reported, with worldwide registry data showing a 
procedural major adverse event rate of ~ 4.5%. Catheter ablation for the treatment 
of AF is currently recommended by guidelines as a second-line therapy in patients 
with paroxysmal and persistent AF after treatment with ≥1 antiarrhythmic drug 
has failed (Class I recommendation for paroxysmal AF, Class IIa for persistent AF, 
and Class IIb for long-stranding persistent). Most randomised controlled trials 
(RCTs) of drug therapy versus catheter ablation have studied patients with pre-
served left ventricular function [82]. Recently, RCTs have also shown the benefit 
of rhythm control with catheter ablation over medical therapy for AF associated 
with heart failure [83]. A recent meta-analysis examining six RCTs confirmed these 
findings demonstrating catheter ablation to be superior to medical therapy for AF 
in patients with HF, resulting in greater improvement in LVEF, quality of life and 
functional status, with a definite survival benefit [84]. Results from the recent 
CABANA trial also echo these positive catheter ablation effects in HF patients [85]. 
Although variable, a pooled freedom from AF of 71% was seen in this analysis.

There is not much direct comparison of surgical ablation versus catheter abla-
tion in the literature. The FAST study included 124 patients with drug–refractory 
AF, LA dilatation and hypertension or failed prior catheter ablation. Patients were 
randomised to either catheter ablation or thoracoscopic surgical ablation. Catheter 
ablation consisted of linear antral PVI and optional additional lines. Surgical abla-
tion consisted of bipolar RF PVI, ganglionated plexi ablation, and LAA excision 
with optional additional lines. Freedom from AF was superior for surgical ablation at 
12 months (36.5% versus 65.6%), but this was at the expense of greater rate of compli-
cations, driven mainly by pneumothorax, major bleeding, and the need for PPM [52]. 
A meta-analysis of eight studies showed that thoracoscopic surgical ablation showed 
significantly greater freedom from AF at 12-months compared to catheter ablation 
(78.4 versus 53%), with a reduced requirement for repeat ablation [86]. This superior-
ity was maintained in paroxysmal and persistent AF subgroups. However, again, com-
plications were shown to be considerably higher in the surgical group, driven mainly 
by pleural effusion and pneumothorax. Limitations of the data were the retrospective 
nature of some of the included studies and the heterogeneity of patients involved.

The superior efficacy demonstrated by surgical intervention is postulated to be 
due to several factors [86]. The ablation lesion set employed with surgery is gener-
ally much more extensive including PVI, but also targeted epicardial ganglionic 
plexi, LAA excision and additional LA lines. The importance of ganglionic plexi 
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and the LAA in perpetuating AF re-entrant circuits is well recognised [87, 88]. In 
catheter ablation relative inadequate treatment may be occurring, as additional 
ablation lines are often not performed, with endocardial lesions consisting of PVI 
using wide-area antrum ablation alone. In addition, a better ability of surgical 
technology to create adequate transmural lesions may underlie its superior efficacy.

Debate continues regarding the optimal lesion set for stand-alone surgical abla-
tion. Specifically, the comparative efficacy of strategies of PVI versus extended LA 
lesion sets, or MAZE IV approach remains unknown, and requires further study. 
Further controlled studies are also needed to delineate the apparent supremacy of 
surgical ablation over catheter ablation. However, concerns relating to the higher 
rate of complications and prolonged length of stay of the more invasive surgical 
approach currently impede adoption of its use on a broader scale. The majority of 
these complications are non-severe and managed conservatively, and whether such 
this level of apprehension is justified is unclear. Surgical ablation is increasingly 
performed as a stand-alone procedure and with improving technology and surgical 
skill its use is likely to expand with time, either on its own or as part of a hybrid 
electrophysiological approach.

7.1 Electrophysiological mapping

Unfortunately electrophysiological evaluation after bipolar RF PV isolation has 
been scarcely performed. Only a small minority of surgical ablation studies have per-
formed detailed intra-operative or peri-operative validation of ablation sets [64]. It is 
clear that confirmation of adequacy of ablation transmurality and continuity impacts 
upon surgical ablation efficacy and subsequent AF recurrence rate [89, 90]. Several 
factors oppose routine electrophysiological validation of ablation including; (A) 
technically challenging to adequately pace in between instead of on the performed 
ablation lines, (B) time consuming to perform correctly; with epicardial lesions, at 
least 20 min between PV isolation and endocardial validation is needed and (C) pre-
cise delineation of the border between conducting and non-conducting tissue at the 
distal sleeve of the PV is sometimes difficult to perform without complex mapping 
techniques. In its simplest form following PVI, entrance block is defined as failure to 
capture the PVs during pacing from the LA, and exit block can be defined by failure 
to capture the LA, when pacing from the PVs distal to the RF lesions.

Following minimally invasive PVI, recurrence rates as high as 40% have been 
seen despite intra-operative electrophysiological validation. Repeat electrophysi-
ological investigation shows the vast majority are due to PV reconnection. In 
mini-MAZE [90] and total thoracoscopic procedures [91] intra-operative electro-
physiological validation has been associated with higher success rates of 84% and 
93% at 24 and 12 months respectively, in mixed AF populations. Sophisticated 3D 
electrophysiological mapping again showed recurrence was secondary to PV gaps in 
50% of patients, with ectopic foci in LAA, peri-mitral LA roof flutter in the remain-
der. Post-operative recurrence is generally amenable to catheter ablation, with good 
intermediate-term success [92]. These findings re-enforce the growing belief that 
the hybrid ablation approach, either immediate or staged will produce the best long 
term ablation outcomes. Augmented success rates with a combined staged hybrid 
approach have been achieved, with a required catheter-based ‘touch up’ rate of 
approximately 20% following surgical intervention [93].

The predominant factor in AF recurrence post-ablation is PV reconnection or 
incomplete isolation. Several reasons for the gaps around the PVI ring are impli-
cated: (A) clamp application failure over the roof of the superior PVs, (B) incom-
plete clamping at the bottom of inferior PV, (C) clamp application failure at the 
antral side of the PV due to the long distance between the superior and inferior PVs, 
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or accessory PVs and (D) increasing LA size. Multiple reasons for improper clamp 
application and diminished RFA effect are also cited including (A) angulation of 
clamps rather than perpendicular placement; (B) blood within the PVs limiting tis-
sue involution between the clamps on beating hearts; (C) clamp movement during 
beating heart ablation; (D) the cooling effect of circulating blood and (E) anatomic 
factors such as atrial folds, ridges and variable myocardial thickness.

Improving the quality of the lesion set, will undoubtedly improve durability and 
success of surgical ablation; and better intra-operative electrophysiological mapping 
strategies represents a good target to focus upon. It is clear that simple entrance and 
exit block confirmation has a false negative rate, most likely related to tissue oedema, 
trauma and ischaemia, and the optimum universal mapping technique and strategy 
is not established. Randomised controlled studies with detailed electrophysiological 
interrogation follow up, are needed to identify this technique and strategy and then 
standardise their application, and improve surgical lesion set creation.

8. Left atrial appendage intervention

LAA exclusion or occlusion LAAO can be safely performed. Growing inter-
est in LAA intervention has been driven by the observation that 90% of thrombi 
in non-valvular AF (NVAF) and 60% of those in valvular AF develop in the 
LAA. LAAO by surgical excision or device occlusion is postulated to reduce the risk 
of stroke, peripheral thromboemboli, and necessity for oral anticoagulants. Surgical 
techniques available to isolate the LAA include LAA excision with amputation, 
or occlusion which can be performed endocardially or epicardially. LAAO can be 
performed using an implantable device or without. Non-device approaches include 
surgical two-layer closure with running or mattress sutures, stapling and excision, 
and placement of surgical purse-strings or clips around the LAA base. Success is 
dependent on total LAA excision or isolation. Any residual stump of the LAA >1 cm 
in length, or gap with associated blood flow is thrombogenic [94]. LAA exclusion 
however has been inconsistent in terms of techniques, rates of complete exclusion, 
and thus adoption. Studies comparing internal ligation, external staple excision 
and surgical excision show that complete LAA elimination should not be assumed. 
Initial stump-free elimination can deteriorate with time, and a residual stump can 
be immediately present, emphasising the importance of immediate and late echo-
cardiographic interrogation of LAA intervention [95].

8.1 Left atrial appendage devices

A variety of devices exist. The most widely used endocardial device is the 
Watchman device, which is a percutaneously delivered polyester fabric on a nitinol 
frame (Figure 10). The Lariat device utilises a combined percutaneous and epicar-
dial approach to deliver a lasso around the appendage guided by an intraluminal 
magnet tip. The AtriClip is made of two polyester-covered parallel tubes with 
nitinol springs (Figure 11). The AtriClip is a self-closing clamp placed epicardially 
at the base of the LAA to exclude blood flow. In general, endocardial devices remain 
in contact with intracardiac blood, and therefore anticoagulation for 2 months is 
recommended following implantation, making them less attractive for patients with 
contraindications to anticoagulation. Endocardial devices also fail to lie properly in 
LAAs with unfavourable morphologies.

The strongest evidence supporting reduction of stroke risk and potentially the 
elimination of anticoagulation with LAAO comes from the large, multi-centre RCT, 
PROTECT AF. This study used the percutaneous Watchman LAA device. After 
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3.8 years of follow-up in patients with NVAF at elevated risk for stroke, percutane-
ous LAA closure met criteria for both non-inferiority and superiority, compared 
with warfarin, for preventing the combined outcome of stroke, systemic embolism, 
and cardiovascular death, as well as superiority for cardiovascular and all-cause 
mortality [96].

In a large meta-analysis reviewing over 2400 patients, the efficacy of LAA 
closure compared to warfarin in 2 RCTS, PREVENT AF and the PREVAIL trial was 
analysed. At a mean follow up of 2.7 years in patients with NVAF at increased risk 
for stroke or bleeding, LAA intervention improved rates of haemorrhagic stroke, 
cardiovascular/unexplained death, and non-procedural bleeding. These positive 
effects were offset by an increase in ischemic strokes, mainly peri-procedural. 
All-cause stroke or systemic embolism was similar between both strategies. 
This analysis emphasised a non-inferiority of LAAO to warfarin use; with LAA 
intervention beneficial effects seeming to be underpinned by the circumvention 
of anticoagulation-related morbidity and mortality, as opposed to prevention of 
thromboembolism [97]. However, these positive results could not be automatically 
extrapolated to surgical LAA intervention.

8.2 Left atrial appendage intervention during cardiac surgery

Retrospective analysis of over 10,000 patients undergoing surgical AF 
ablation with and without concomitant surgical LAAO, showed only 37% 
underwent LAAO. Concomitant LAAO significantly reduced readmission for 

Figure 10. 
The watchman left atrial appendage occlusion device. A percutaneously delivered polyester fabric device on a 
nitinol frame [108].

Figure 11. 
Left atrial appendage occlusion AtriClip device. Parallel titanium crossbars apply adequate pressure without 
crushing or damaging tissue [105].
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or accessory PVs and (D) increasing LA size. Multiple reasons for improper clamp 
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success of surgical ablation; and better intra-operative electrophysiological mapping 
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exit block confirmation has a false negative rate, most likely related to tissue oedema, 
trauma and ischaemia, and the optimum universal mapping technique and strategy 
is not established. Randomised controlled studies with detailed electrophysiological 
interrogation follow up, are needed to identify this technique and strategy and then 
standardise their application, and improve surgical lesion set creation.

8. Left atrial appendage intervention

LAA exclusion or occlusion LAAO can be safely performed. Growing inter-
est in LAA intervention has been driven by the observation that 90% of thrombi 
in non-valvular AF (NVAF) and 60% of those in valvular AF develop in the 
LAA. LAAO by surgical excision or device occlusion is postulated to reduce the risk 
of stroke, peripheral thromboemboli, and necessity for oral anticoagulants. Surgical 
techniques available to isolate the LAA include LAA excision with amputation, 
or occlusion which can be performed endocardially or epicardially. LAAO can be 
performed using an implantable device or without. Non-device approaches include 
surgical two-layer closure with running or mattress sutures, stapling and excision, 
and placement of surgical purse-strings or clips around the LAA base. Success is 
dependent on total LAA excision or isolation. Any residual stump of the LAA >1 cm 
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and surgical excision show that complete LAA elimination should not be assumed. 
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Watchman device, which is a percutaneously delivered polyester fabric on a nitinol 
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recommended following implantation, making them less attractive for patients with 
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elimination of anticoagulation with LAAO comes from the large, multi-centre RCT, 
PROTECT AF. This study used the percutaneous Watchman LAA device. After 
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thromboembolism and all-cause mortality. The additional procedure was demon-
strated to be safe, but the important differentiation between technique of LAAO, 
nature of AF and echocardiographic parameters between groups was not made [98]. 
In an updated meta-analysis examining over 3600 patients from 7 studies a signifi-
cant reduction in stroke, and all-cause mortality was demonstrated in patients with 
AF undergoing LAAO during cardiac surgery, compared to those not undergoing 
LAAO. Techniques of suture ligation and stapling were utilised, and a variety of 
post-operative anticoagulation regimens and follow up periods [99].

The best clinical evidence for LAAO devices exists for the AtriClip device 
(AtriCure). It is the most commonly used surgical device with over 100,000 
recorded implants worldwide. It is applied with concomitant cardiac operations 
as well as in isolated thoracoscopic procedures safety and efficacy of the AtriClip 
device was evaluated in the EXCLUDE trial. In 70 patients undergoing primary 
cardiac operations AtriClip, demonstrated 95% successful exclusion with 98% 
complete LAA exclusion on CT at 3 months [100]. Success was defined as occlusion 
with no residual neck >1 cm and no leaks or migration. The upcoming results of the 
large (n = 4700) multicentre, randomised LAAOS III trial will aid in clarifying the 
long-term outcomes of LAAO in AF patients undergoing cardiac surgery [101].

The practice of prophylactic LAA closure in patients without AF undergoing car-
diac surgery does not appear to be effective. A recent large scale, propensity-matched 
analysis of prophylactic LAA closure, showed that this was associated with early 
increase in post-operative AF and no decrease in stroke risk or mortality [102]. The 
ATLAS trial is now randomising patients without documented AF, at high risk for 
the developing post-operative AF undergoing elective cardiac surgery; to LAA exclu-
sion with the AtriClip or no concomitant AtriClip placement. The LAAOS III and 
ATLAS trials are the largest trials investigating efficacy of LAA occlusion for stroke 
prevention at the time of cardiac surgery; and their results are eagerly awaited.

Currently, the US and the European guidelines state that it is reasonable to, or 
consideration should be given to, performing LAA intervention in conjunction with 
surgical AF ablation and during cardiac surgery, for longitudinal thromboembolic 
morbidity prevention (Class II, Level C/B). European guidelines also say it is 
reasonable to perform isolated LAA intervention in patients in AF with contraindi-
cation to anticoagulation.

8.3 Left atrial appendage intervention and anticoagulation

There is large variability in anticoagulation strategies post LAAO and surgical 
ablation alone with mixed-use of warfarin, NOACs and single and dual antiplatelet 
agents. The optimal anticoagulation therapy is still a matter of debate. Decisions 
regarding anticoagulation and imaging should be made and tailored to patient 
and procedural characteristics. The decision is often straight forward, in patients 
with a contraindication to anticoagulation referred for LAA exclusion. However, 
for patients without contraindications to anticoagulation, the decision is less 
simple. The Zurich group has shown in 36 patients receiving AtriClip, with a mean 
CHA2DS2-VASc score of 3.7, that only one transient ischemic attack (TIA) occurred 
after >1200 day follow up, with no strokes [98]. Three patients received anticoagu-
lation. They have also shown a reduction in stroke risk in 291 patients with a mean 
CHA2DS2-VASc score of 3.1, receiving AtriClip during concomitant surgery cardiac 
surgery [103]. Patients that did not receive anticoagulation after LAA exclusion had 
a relative risk reduction of 87.5% in stroke, with an observed ischaemic stroke-rate 
of 0.5/100 patient-years compared with an expected rate in a group of patients with 
similar CHA2DS2-VASc scores of 4.0/100 patient-years. No evidence of reperfusion 
or residual stump was observed [104].
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Evidence regarding anticoagulation management post-operatively is not robust, 
and further well-powered long-term evidence is needed to confidently guide 
anticoagulation management in patients receiving the AtriClip but have no con-
traindications to anticoagulation. Currently, the European guidelines recommend 
that patients undergoing LAA intervention remain on anticoagulation (Class 1). 
However, the view that anticoagulation is not needed after AtriClip application is 
also held by many, with single anti-platelet agent thought to be sufficient.

9. Summary and conclusions

Surgical AF ablation has evolved over the past few decades and is now safe, and 
associated with minimal morbidity. The gold standard lesion set remains that of the 
MAZE IV, yet ‘lesser’ lesion sets, are gaining favour within the minimally invasive, 
hybrid and non-hybrid treatment setting, for treatment of NVAF. It is clear that 
surgical ablation displays beneficial effects, but the supportive evidence is not of 
the highest quality, and high quality RCTS with standardised ablation sets, AF 
criteria and defined rhythm assessment outcomes are needed. New studies need 
to precisely define and quantify the role of surgical ablation on rhythm, survival, 
symptoms, thromboembolic risk, and the exact relationship with specific target 
AF populations. Similarly, high level evidence is needed to quantify the impact of 
LAA intervention on thromboembolic risk in AF. Identification of the optimal LAA 
intervention, together with clear guidance on anticoagulation is necessary.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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