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Abstract. - Atrial fibrillation (AF) is the most
common cardiac dysrhythmia and occurs in
3.3%-10% of emergency admissions. It is fre-
quently quoted for people over the age of 75, but
the cases of AF in young subjects without struc-
tural heart disease are also increasing, there-
fore, leading to the evaluation of “lonely atrial
fibrillation” as a new challenge for the clinician.
The first diagnosis and treatment often occur in
the emergency room and the emergency physi-
cian has therefore to evaluate the initial step to-
wards the therapeutic decisions. Although inter-
national standard guidelines are available, AF
treatment in the Emergency Department (ED) is
still heterogeneous in terms of the management
strategy chosen. There are two main strategies
for the management of AF: rate and rhythm con-
trol. Moreover, antithrombotic treatment is piv-
otal in AF to prevent cardioembolic stroke and it
is considered a primary objective after an accu-
rate assessment of antithrombotic treatment
risks and benefits. The introduction of innovative
echocardiographic approach, directly in ED,
seems to improve the management and risk
stratification of patients with AF.

This review aims to provide an overview about
the current approach and the future expectations
in the management of AF in ED. This manuscript
represents a synopsis of the lectures on AF man-
agement in the ED of the Third Italian GREAT Net-
work Congress, that was hold in Rome, 15-19 Oc-
tober 2012. We decided to use only the most rele-
vant references for each contribution as suggest-
ed by each participant at this review.
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Introduction

Atrial fibrillation (AF) is the most common
cardiac dysrhythmia; it is an age related condi-
tion and as the populations of Europe and other
developed nations experience longer life ex-
pectancies so the prevalence of AF rises. Rates of
5% are frequently quoted for people over the age
of 75. AF may manifest itself as an acute or
chronic condition and may be asymptomatic or
be sufficiently disabling as to restrict the activi-
ties of daily living.

AF is also associated with an increasing num-
ber of comorbidities, including arterial hyperten-
sion, dyslipidemia, diabetes mellitus, coronary
artery disease, heart failure and valvular diseases.
All these conditions may favor the development
of AF altering cardiac structure and function'.

AF occurs in 3.3%-10% of emergency admis-
sions??; in some of these cases, it is longstanding
and/or incidental to clinical management, but
more often AF has developed acutely as either
the primary clinical problem or as a complication
of another acute (pneumonia, myocardial infarc-
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tion, septicaemia, pulmonary emboli, exacerba-
tions of chronic obstructive pulmonary disease
etc) or chronic (valvular heart disease, hyperten-
sion, heart failure, cardiomyopathies, etc) dis-
eases. One-third of hospitalizations for cardiac
rhythm disturbances are attributed to AF, with in-
creasing rates in the last decade. Significant mor-
bidity and mortality, including 15% to 20% of all
ischemic strokes and 20% of all strokes, result
from AF. The overall mortality rate for patients
with AF is approximately double than that for pa-
tients in normal sinus rhythm. AF has increasing
prevalence and negative impact on quality of life
and health care expenses and it is associated with
many causes and comorbidities*>.

The scientific community has been involved
more and more frequently in the study of epi-
demiological features related to the prolongation
of life expectancy and to the resulting comorbidi-
ties, leading to an increasing number of cases of
AF with the age of patients, especially when con-
sidering the permanent form in the context of
coronary artery disease and chronic heart failure.
Moreover, the cases of AF in young subjects
without structural heart disease are also increas-
ing, therefore leading to the evaluation of “lonely
atrial fibrillation” as a new challenge for the clin-
ician who needs to consider different anti-arrhyt-
mic, anti-thrombotic and interventional options,
as in the case of trans-catheter ablation. The first
diagnosis and treatment often occur in the Emer-
gency Room and the emergency physician has
therefore to value the initial step towards the
therapeutic decisions, including rhythm or rate
control.

AF Management: Two Different Strategies
Although international standard guidelines are
available, AF treatment in the Emergency De-
partment (ED) is still heterogeneous in terms of
the management strategy chosen®!>. However,
every emergency physician has to immediately
provide supplementary oxygen, establishment of
an intravenous line, continuous electrocardio-
graphic monitoring, blood pressure and 12 lead
ECG. The initial step towards the therapeutic de-
cisions is the determination of AF duration, clas-
sification, onset date, date of discovery of AF,
frequency, precipitating factors and symptoms.
Special attention should also be paid to identify
the signs of left ventricular hypertrophy, pre-ex-
citation, bundle branch block, prior myocardial
infarction or other structural heart diseases or
pulmonary diseases and to measure QRS,

QT/Qtc interval'*!*, The clinical presentation of
acute AF depends on a number of factors, so the
resulting spectrum of symptoms is broad. Some
patients are completely asymptomatic, more of-
ten they complain of palpitation, dyspnoea, or
weakness, possibly associated with chest discom-
fort or lightheadedness, but the attack is still rea-
sonably well tolerated. In a minority of cases AF
is poorly tolerated due to severe angina or hemo-
dynamic decompensation, i.e. pulmonary oede-
ma, hypotension, or rarely, circulatory collapse
with syncope. It would be unusual for acute AF
to cause significant hemodynamic instability in
the absence of structural heart disease. However,
the treatment of precipitating or reversible causes
of AF is first recommended. Goals of AF treat-
ment are to alleviate symptoms, improve func-
tional capacity and quality of life and reduce
morbidity/mortality associated with AF by pre-
venting tachycardia-induced cardiomyopathy and
reduce hospitalization/admission rates'>!3.

Two different strategies exist for the manage-
ment of cardiac rhythm in patients with AF: rate
and rhythm control. While in clinical practice the
first strategy is more practical and easy for physi-
cians®’, current guidelines recommend rhythm
control as a first line strategy for patients present-
ing to the ED within 48 hours of the onset of AF
or if transesophageal echocardiography (TEE)
has excluded left atrial thrombus>'®. Although it
is intuitive that sinus rhythm is better than atrial
fibrillation the largest studies of rate versus
rhythm strategies (AFFIRM and AF-CHF clinical
trials) demonstrated no mortality difference when
comparing these strategies'>*, However the DI-
AMOND study demonstrated a reduced mortali-
ty in patients in sinus rhythm but this was not ap-
plicable to patients on a rhythm control strategy?!
(Figure 1).

Rate Control Strategy

Heart rate control strategy aims to maintain a
ventricular rate that protects the patient from
consequences of tachycardia. Target ventricular
rate control in the absence of accessory pathway
(pre-excitation syndrome) can be obtained by
atrioventricular nodal conduction slowing drugs
(Table I). Initial target ventricular rate is < 100
bpm at rest (lenient rate). If complaints persist
despite lenient rate achievement, strict rate con-
trol (< 80 bpm at rest and < 110 bpm during
moderate exercise) should be substituted. In case
of failure to obtain target ventricular heart rate
with drug therapy, atrioventricular node ablation
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General approach of AF management
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Figure 1. Overview of AF man-
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Table I. Intravenous administered pharmacological drugs for ventricular rate control with AF patients in acute setting

tion; OAC, oral anticoagulation.

4,5,22,23

Maintenance

Onset dose

Side effects

then 0.25mg/6 h to
max 1,5 mg

Heart rate control in patients with accessory
Amiodarone

150 mg over 10 min
(Repeat in 10-30 min
if necessary)

Loading
Drug dose
Heart rate control in patients without accessory pathway*
Esmolol 500 mcg/kg over 5 min 0.05-0.2 mg/kg/min
1 min
Metoprolol 2.5-5 mg/kg in 5 mins NA
2 min to a maximum
of 3 doses
Propranolol 0.15 mg/kg 5 mins NA
Diltiazem® 0.25 mg/kg over 2-7 mins 5to 15 mg/h
2 min
Verapamil 0.75-0.15 mg/kg 3-5 mins NA
in 2 min
Digoxin® 0.50 mg initially, 2 hrs 0.125-0.25 mg/day
< 30 min® 0.5 to 1 mg/min
v
Then 200 mg

daily, orally

Hypotensions, bronchospasm,
bradycardia, AV block, heart failure
Hypotension, bronchospasm,
bradycardia, AV block, heart
failure

Hypotension, bronchospasm,
bradycardia, AV block, heart failure
Hypotension, AV block, heart
failure, bradicardia

Hypotension, AV block, heart
failure, bradycardia, interaction
with digoxin

AV block,

bradycardia, digitalis intoxication
(gastrointestinal, ocular,
neurological, proarrhythmia)

Hypotension, bradycardia,
pulmonary toxicity, hepatotoxicity,
photosensitivity, corneal deposits,
skin discoloration, hypo/
hyperthyroidism, polyneuropathy,
optic neuropathy, interaction with
acenocoumarol/warfarin,
bradycardia, QT/QTc prolongation,
torsades de pointes (rare)

“In the presence of preexitation administration of these drugs can cause torsades de pointes while bloking AV node and enhancing
antioventricular conduction over accessory pathway. "Diltiazem (iv) could be used in acute setting of heart failure for ventricular
control of AF. But routine oral administration of diltiazem/verapamil increases mortality in heart failure patients. ‘According to
current guidelines digoxin iv use for heart rate control can be given to heart failure patients. Caution should be taken to give long-
time therapy because a recent analysis of the AFFIRM trial showed an overall 41% increase in all-cause mortality in patients tak-
ing digoxin vs those not taking digoxin. The increase in all-cause mortality was consistently observed in men and women and in
patients with and without underlying heart failure?*. YA caution should be taken for administration of amiodarone in heart failure
patients for heart rate control if duration of AF and effective thromboprophylaxis situation is not known. Because it can cardiovert
rhythm to sinus ryhthm. It is generally recommended for critically ill patients. *Onset of effect of amiodarone is < 30 min if ad-

ministered iv route and 1-3 weeks for oral route®. AV, atrioventricular; NA, not applicable.
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and pacemaker implantation can be considered or
sinus rhythm restoration (rthythm control) can be
attempted in the presence of supportive clinical
and echocardiographic factors>!62.

Rhythm Control Strateqgy

Rhythm control strategy targets sinus rhythm
restoration by pharmacological cardioversion
(CV) (antiarrhythmic drugs) + electrical car-
dioversion and maintenance by antiarrhythmic
drugs. This strategy is usually considered for pa-
tients with paroxsymal or persistant AF in the
presence of favourable clinical and echocardio-
graphic parameters'®!822, These parameters pre-
dict high possibility of staying in sinus rhythm
after CV. CV may be achieved by means of drugs
or electrical shocks. Drugs were commonly used
before electrical CV became a standard proce-
dure*.

Indications and contraindications of both elec-
trical and pharmacological CV are given in Ta-
bles II and III, respectively*>2"-28,

Electrical Cardioversion

Electrical CV or direct-current CV involves
delivery of an electrical shock synchronized with
the intrinsic activity of the heart by sensing the R
wave of the ECG to ensure that electrical stimu-
lation does not occur during the vulnerable phase
of the cardiac cycle. Electrical CV success rates
vary from 75 to 93%. They are inversely related
to AF duration, chest wall impedance, and left
atrial size”¥. Immediate electrical CV should be
considered in AF causing hemodynamically in-
stability without considering its duration and
classification, supportive clinical or echocardio-
graphic parameters, antiarrhythmic drugs and al-
so patient’s anticoagulation status*!8. But, in the
meanwhile thromboprophylaxis should be initiat-
ed. Immediate electrical CV is also recommend-
ed for AF involving pre-exitation when antegrade
conduction via accessory pathway is very fast,
because this situation carries very high risk of
rapid progression to ventricular tachycardia/fib-
rillation and abrupt hemodynamic compromise.

Table IlI. Indications and controindications of electrical CV of recent-onset AF in ED.

Indications

. Emergent electrical CV; for patients with recent-onset AF and rapid ventricular rate who has hemodynamic instability

. Emergent electrical CV; for patients with recent-onset AF involving preexcitation when very rapid tachycardia or he-

. Urgent electrical CV; for patients without hemodynamic instability when symptoms of AF are unacceptable to the pa-

. Elective electrical CV as an initial treatment may be considered in order to initiate a long-term rhythm control manage-

. Elective electrical CV as an initial treatment may be considered in order to initiate a long-term rhythm control manage-

. Enhanced/facilitated elective electrical CV which is electrical CV after pretreatment with antiarrhythmic drugs (amio-

. Electice electrical CV should be considered in order to to initiate a long-term rhythm control management strategy after

(ongoing myocardial ischemia, symptomatic hypotension, heart failure) that does not respond promptly to pharmaco-
logical drugs

modynamic instability occurs

tient. In case of early relapse of AF after CV, repeated electrical CV may be made following administration of antiar-
rhythmic medication

ment strategy for patients with recent-onset AF within 48 h of onset by patient/physician choice

ment strategy for patients with recent-onset AF over 48 h of onset when TOE has excluded left atrial appendage throm-
bus by patient/physician choice

darone, flecainide, propafenone or ibutilide) in order to enhance success of electrical CV and prevent recurrent AF,
should be considered for patients with recent-onset AF within 48 h of onset or over 48 h if thrombus exluded at TOE

antiarrhythmic drug failure to restore sinus rhythm in patients with recent-onset AF within 48 h of onset or over 48 h if
thrombus exluded at TOE

Contraindications

wn BN =

NS

. Known atrial thrombus and no emergent indication for CV

. In the presence of digitalis toxicity

. Severe electrolyte imbalance (e.g. hypokalemia) or hyperthyroidism and no emergent indication for CV

. Frequent repetition of direct-current cardioversion is not recommended for patients who have relatively short periods of

. In the presence of doubt about underlying rhythm (e.g multifocal atrial tachycardia) and no emergent indication for CV

. Elective electrical CV without anticoagulation
. Elective electrical CV in patients who can not be safely sedated

sinus rhythm between relapses of AF after multiple CV procedures despite prophylactic antiarrhythmic drug therapy

R43-45
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Table Ill. Indications and controindications of pharmacological CV of recent-onset AF in ED.

Indications

bus by patient/physician choice

bus exluded at TOE

1. Pharmacological CV; as an initial treatment may be considered in order to initiate a long-term rhythm control manage-
ment strategy for patients with recent-onset AF within 48 h of onset by patient/physician choice

2. Pharmacological CV; as an initial treatment may be considered in order to initiate a long-term rhythm control manage-
ment strategy for patients with recent-onset AF over 48 h of onset when TOE has excluded left atrial appendage throm-

3. Pharmacological CV; should be considered in order to to initiate a long-term rhythm control management strategy after
electrical CV failure to restore sinus rhythm in patients with recent-onset AF within 48 h of onset or over 48 h if throm-

4. Pretreatment with antiarrhythmic drugs (amiodarone, flecainide, propafenone or ibutilide) in order to enhance success
of electrical CV (enhanced/facilitated elective electrical CV) and prevent recurrent AF, in patients patients with recent-
onset AF within 48 h of onset or over 48 h if thrombus excluded at TOE

Contraindications

1. Known atrial thrombus

2. Severe electrolyte imbalance (e.g. hypokalemia) or hyperthyroidism

Electrical CV should be performed with the pa-
tient in a fasting state under adequate sedation for
elective cases. Drugs chosen for sedation should
have short acting effect. Oxygen saturation and
electrolytes should be normal and anticoagulation
status monitored. External pacing pads may be
used for both CV and for prophylaxis of asystole
or bradycardia if ensue after electrical CV or if
sick sinus syndrome is suspected®. Currently, two
conventional positions (anterolateral and antero-
posterior) are commonly used for electrode place-
ment. Several studies have shown that anteropos-
terior electrode placement is more effective than
anterolateral placement. In the presence of pace-
maker or implantable cardioverter defibrillator, the
electrode paddle should be at least 8 cm from the
pacemaker battery, and the anteroposterior paddle
positioning is recommended. In pacemaker-depen-
dent patients an increase in pacing threshold
should be anticipated. These patients should be
monitored carefully and after CV, the device
should be interrogated and evaluated to ensure
normal function®.

Success of electrical CV depends on adequacy
of delivered current flow through the heart and
the major determinants are: the nature of the
shock waveform (mono or biphasic) and the level
of delivered energy®**. Currently, most evidence
favors the use of biphasic external defibrillators
due to their categorically lower energy require-
ments and greater efficacy®. A lower prevalence
of skin burns and less skeletal muscle damage
have also been reported. Additionally, biphasic
waveforms result in fewer post-shock arrhyth-
mias, and a shorter period of myocardial stun-
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ning®. Initial energy requirements are usually =
200 joules for monophasic waveform and = 100
joules for biphasic waveform, with possibly more
being required in obese patients and in long-
standing AF patients the hemodynamic instabili-
ty condition, electrical CV should be performed
with maximal energy of the present defibrilla-
tor’¢-3%, Biphasic waveforms may be of special in-
terest in patients who have failed to revert with
the use of monophasic waveforms®*!.

The risks and complications of electrical CV
are associated primarily with thromboembolic
events, post-cardioversion arrhythmias, and the
risks of general anaesthesia. Thromboembolic
events have been reported in about 3% to 5% of
patients who did not receive anticoagulation be-
fore CV, whereas it is only 0% to 1% by ade-
quate anticoagulation or by exclusion of left atri-
um thrombi before the procedure*>*. Skin burns
are a common complication. In patients with si-
nus node dysfunction, especially in elderly pa-
tients with structural heart disease, prolonged si-
nus arrest without an adequate escape rhythm
may occur. Dangerous arrhythmias, such as ven-
tricular tachycardia and fibrillation, may arise in
the presence of hypokalaemia, digitalis intoxica-
tion, or improper synchronization (R on T phe-
nomenon). The patient may become hypoxic or
hypoventilated from sedation, but hypotension
and pulmonary oedema are rare*>. However,
over-the-night stay is generally recommended.

Pharmacological Cardioversion
Pharmacological CV should be considered to
hemodynamically stable patients. Most patients
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who undergo pharmacological CV require con-
tinuous medical supervision and ECG monitor-
ing during the drug infusion and for a period af-
terwards (usually about half the drug elimination
half-life)*>. Antiarrhythmic drug choice is based
on patients’ characteristics, presence or absence
of structural heart disease and antiarrhythmic

drug features, side effects, success rates, and ad-
verse effects (Table IV).

Future Directions

Current practice in the pharmacological man-
agement of AFis moving to a more pro-active par-
adigm. It is to be hoped that the costs of newer

Table IV. Recommended dosage and adverse effects of the drugs most commonly used for the restoration of sinus rhythm!'644-46,

Initial Maintenance Contraindication and
Drug dose dose Adverse effects precautions

Amiodarone® 5 mg/kg i.v. 50 mg/h Phlebitis, hypotension, Hypo or hyper thyroidism,

over 1 h bradycardia, pulmonary QTec interval > 500 msec, when
toxicity, hepatotoxicity, using concomitant therapy with
photosensitivity, corneal QT-prolonging drugs, dose og
deposits, skin discoloration, VKAs and of digitoxin/digoxin
hypo/hyper -thyroidism, should be reduced
polyneuropathy, optic neuropathy,
interaction with acenocoumarol/
warfarin, bradycardia,
QT/QTc prolongation,
torsades de pointes (rare)

Flecainide b 2 mg/kg i.v. 100-150 mg/  Decrease in BP, may prolong Not suitable for patients with
over 10 min, 12h QRS duration, and hence marked structural heart disease;
or the QT interval; and may branch block or wide QRS
200-300 mg p.o. inadvertently increase the complex, postinfarction scar,
(pill in the pocket)° ventricular rate due to CV heart failure

to AFL and 1:1 conduction
to the ventricles

Ibutilide 1 mg i.v. over 1 mgi.v. Can cause prolongation of the LV hypertrophy (WT = 1.4 cm),
10 min over 10 min QT interval and torsades de Severe LV systolic dysfunction

after waiting pointes; watch for abnormal (EF < 20%), ACS, Concurrent
for 10 min T-U waves or QT prolongation.  use of Class IA or III
(If AF persists) Will slow the ventricular rate, antiarrhythmics within 4 hours
AV block after ibutilide, QTc interval
> 440 msec.

Propafenone b 2 mg/kg i.v. 150-300 mg/  Decrease in BP, not suitable Contraindicated in coronary
over 10 min 8 hp.o. for patients with marked artery disease, reduced LV
or structural heart disease; may ejection fraction and heart
450-600 mg prolong QRS duration; failure, LV hypertrophy (WT
(oral) will slightly slow the = 1.4 cm),

(pill in the pocket)° ventricular rate, but may Caution in the presence of
inadvertently increase conduction system
the ventricular rate due Disease (branch block or wide
to CV to AFL and 1:1 QRS complex) and renal
conduction to the ventricles impairment.

Vernakalant 3 mg/kg i.v. Second Sneezing, dysgeusia, Contraindicated in moderate
over 10 min infusion of paraesthesia, nausea, cough, or severe HF, severe AS, ACS

2 mg/kg i.v. pruritus, dizziness, (in the last 30 days) or

over 10 min hyperhidrosis, hypotension hypotension (SBP < 100 mmHg)
after 15 min or decrease in BP (R39) Caution in mild HF

first infusion

(If AF persists)

*Amiodarone administration dose scheme in Table VI can be used for the restoration of sinus rhythm. "Flecainide and
propafenone can increase QRS duration. An increase > 25% from baseline indicates discontiuation or dose reduction of these
drugs. Pill-in-the-pocket' technique — preliminary assessment in a medically safe environment and then used by the patient in
the ambulatory setting. ACS: acute coronary syndromes; AF: atrial fibrillation; AFL: atrial flutter; AS: aortic stenosis; BP:
blood pressure; CV: cardioversion; EF: ejection fraction; HF: heart failure; LV: left ventricular; SBP: systolic blood pressure;
VKAs: vitamin K antagonists; WT: wall thickness.
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therapies will be offset by reduced hospitalizations
which account for 50% of AF related health costs.

Recent interest has focused on newer agents
for rapid CV of acute AF, including Vernakalant.
This multi-channel blocker has achieved almost
90% CV rates in routine clinical practice. The ef-
fectiveness and safety profile make vernakalant
an ideal ED drug.

Moreover, the introduction of newer anticoag-
ulation agents such as Dabigitran ride over the
challenge to maintain stable INRs in patients on
Warfarin because Dabigatran offers a more pre-
dictable dose response and require no regular
monitoring of coagulation status; however, con-
cerns remain regarding the reversibility of these
non-coumarins.

Vernakalant

Vernakalant is a novel agent, which acts pref-
erentially in the atria by blocking several ion
channels, resulting in prolongation of atrial re-
fractoriness and rate-dependent slowing of atrial
conduction, but has little impact on currents in-
volved in ventricular repolarization®*46. Ver-
nakalant is not classified in Vaughan-Williams
class and has a rapid onset of action and a mean
elimination half-life of 3-5 hours. Its most com-
mon side effects were taste alterations (30%),
sneezing (16%), paraesthesiae (10%), and nausea
(9%), which usually resolved within 5-15 min-
utes. Serious adverse events were reported at
similar rates for vernakalant and placebo (4.1%
vs. 3.9%). Transient hypotension occurred in
about 5-7% of patients treated with vernakalant,
with the blood pressure returning to baseline af-

Table V. Clinical trials assessing efficacy of vernakalant.

ter approximately 15-20 minutes. Vernakalant is
effective in cardioversion of patients with AF <7
days or AF = 3 days after cardiac surgery and
provides a rapid antiarrhythmic effect with ap-
proximately 50% of patients converting within
90 minutes after the start of treatment and a me-
dian time to conversion of 8-14 minutes. Ver-
nakalant is administered as a 10 minute infusion
of 3 mg/kg and, if AF persists after 15 minutes, a
second infusion of 2 mg/ kg can be given'®.
Vernakalant has a satisfactory safety profile in
patients with minimal-to-moderate heart disease,
including ischaemic heart disease, but should be
used with caution in hemodynamically stable pa-
tients with NYHA class I and II heart failure, be-
cause of increased risk of hypotension and non-
sustained ventricular arrhythmias in these pa-
tients. Vernakalant is contraindicated in patients
with hypotension, 100 mmHg, recent (within 30
days) acute coronary syndrome, NYHA class III
and IV heart failure, severe aortic stenosis, and
QT interval prolongation (uncorrected QT .440
ms). In direct comparison, vernakalant was sig-
nificantly superior to intravenous amiodarone in
restoration of sinus rhythm within 90 min (51.7%
vs. 5.2%; p < 0.0001) and within 4 hours after in-
fusion (54.4% vs. 22.6%; p < 0.0001). Meta-
analysis of the efficacy of vernakalant showed
that patients were 8.4 times more likely to con-
vert to sinus rhythm within 90 minutes after ver-
nakalant infusion, than on placebo or amiodarone
(95% CI 4.4-16.3), without excess risk of serious
adverse events (risk ratio 0.91; 95% CI 0.6-
1.36)**4. Clinical trials accessing efficacy of ver-
nakalant are summarized in Table V*, Figure 2).

Type Vernakalant (i.v)
Clinical of Clinical Control Primary vs control Median time
trial trial N setting group endpoint (p-Value) to CV (min)
CRAFT RCT/ 56 AF duration Plasebo AF termination 56% vs. 5% 14
phase 11 3-72h within 30 min (p <0.001)
ACTI RCT/ 220  AF duration Placebo AF termination 51.7% vs. 4% 11
phase III 3h-7d within 90 min (p <0.001)
ACTII RCT/
phase I1I 150  AF postcardiac ~ Placebo AF termination 47% vs. 14%\ 12.4
surgery within 90 min (p <0.001)
ACT III RCT/ 265  AF duration Placebo AF termination 51.2% vs. 3.6% 8
phase I1I 3h-7d within 90 min (p <0.0001)
ACTIV Open label 167 AF duration - AF termination Vernakalant: 14
3h-7d within 90 min 50.9%
AVRO RCT 232 AF duration Amiodarone  AF termination 53.4% vs. 5.2%
3-48h within 90 min (p <0.0001) 11

AF: atrial fibrillation; CV: cardioversion; N: number of patients included; RCT: randomized clinical trial.
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Recent-onset AF
v
Yes 4 Hemodynamic instability > No
Y. Y
i AF Duration <48h |
v
Heparin ‘ Conventional OAC or TOE |
3 weeks OAC ‘ | TOE strategy }47
‘ Cardioversion ‘ - LAA LAA
v 4_‘ Heparin }4 trombus (-) trombus (+)
Patient/physician ¢
Emergency Elective < choice LAA trombus
j persists
Pharmacological CV 4 3 weeks —
i / ¢ RC strategy OAC
Electrical ‘ Structural heart disease ‘
cardioversion
Y
Severe Moderate None
Inravenous \
[nravenous ibutilide Inravenous High dose oral
amiodarone vernakalant flecainide pillin the
ibutilide pocket
M propafenone flecainide
vernakalant propafenone
Intravenous
amiodarone
A 4
h 2N
SR AF SR AF
A A
v Y . v
Risk - —
factors Yes 4% 4 weeks anticoagulation ‘
v
A 4
No ‘ Consider if long-term OAC indicated " ‘
\ 4 Y Y
No long term OAC }4_ No 4_{ Risk factors }-’ Yes _>{ Long-term OAC indicated

Figure 2. Indications for electrical and pharmacological cardioversion, and choice of antiarrhythmic drugs for pharmacologi-
cal cardioversion in patients with recent-onset AF4,16. *Anticoagulation should normally be continued for 4 weeks after a car-
dioversion attempt except when AF is recent onset and no risk factors are present. "Long-term OAC if stroke risk factors and/or
risk of AF recurrence/presence of thrombus. AF: atrial fibrillation; CV: cardioversion; LAA: left atrial appendage; OAC: oral
anticoagulant; RC: rate control; SR: sinus rhythm; TOE: transoesophageal echocardiography.
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Antithrombotic Prophylaxis
Treatment in AF

Issues related to antithrombotic treatment are
pivotal in AF to prevent cardioembolic stroke,
and are considered a primary objective of treat-
ment in this condition, preceding — in relevance
and logical considerations — issues related to
rhythm or rate control, or of “upstream thera-
pies”>!¢. Antithrombotic treatment of atrial fibril-
lation mostly revolves around anticoagulation,
since the role of antiplatelet therapy is now con-
fined to the minority of patients in whom an-
tithrombotic treatment is warranted and in whom
anticoagulation is contraindicated'®.

AF favors the formation of intra-atrial thrombi,
which can break off and cause thromboembolism,
the most serious and frequent being cerebral em-
bolism causing stroke. The risk of stroke in AF is
much higher when associated with valve diseases
(rheumatic, prosthetic) and increases particularly
after CV, whether spontaneous, pharmacological or
electrical especially when AF is prolonged before
CV. Prophylactic antithrombotic agents substantial-
ly decrease the risk of stroke in AF. There are three
different clinical situations: Non-valvular AF, AF
associated with a prosthetic valve or rheumatic/de-
generative/myxomatous (especially mitral) valve
disease, and CVof AF regarding individual recom-
mendations for antithrombotic prophylaxis>!6-1822,

The incidence of stroke in non-valvular AF is 4-
5% globally per year, but varies greatly with the
thromboembolic risk factors involved. Throm-
boembolic risk score CHA,DS,-VASc is the best
known and practical and recommended by guide-
lines (Table VI)'°. Of these risk factors, the most
important is a history of stroke, TIA or systemic
arterial embolism, with a relative risk of 2.5 to 2.9

Table VI. CHA2DS2-VASc thromboembolic risk scoring
scheme.

Risk factors Score

C: Cardiac failure, left ventricular 1

dysfunction (< 40%)
H: Hypertension 1
A: Age =75 2
D: Diabetes mellitus 1
S: Stroke or TIA or systemic thromboembolism 2
V: Vascular artery disease: myocardial

infarction, peripheral arterial diease or 1

complicated aortic plaque
A: Age =65-<75 1
Sc: Sex category: Female 1

TIA: transient ischemic attack.
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and an annual incidence of stroke of 12%. Ad-
vanced age is second in importance. If total
CHA,DS,-VASc risk score is calculated as 9, there
is 15,2% annual adjusted stroke rate risk. An-
tithrombotic therapy according to CHA,DS,-VASc
risk score is recommended by updated 2012 ESC
guideline's. Decision-making for thromboprophy-
laxis needs to balance the risk of stroke against the
risk of major bleeding, especially intracranial
hemmorrhage, which is the most feared complica-
tion of anticoagulation therapy and confers a high
risk of death and disability. HAS-BLED score
which is a formal bleeding risk assessment (Table
VII) is recommended for all patients with AF, and
in patients with a HAS-BLED score = 3, caution
and regular review are appropriate, as well as ef-
forts to correct the potentially reversible risk fac-
tors for bleeding. HAS-BLED score should not be
used to exclude patients from oral anticoagulant
(OAC) therapy but allows clinicians to make an
informed assessment of bleeding risk and, impor-
tantly, makes them think of the correctable risk
factors for bleeding®!®. Target International Nor-
malized Ratio (INR) is between 2.0 to 3.0 in non-
valvular AF patients anticoagulated with vitamin
K antagonists (VKAs)'.

Table VILI. Clinical characteristics comprising the HAS-BLED
bleeding risk score®.

Clinical characteristics? Score

H: Hypertension (Uncontrolled) 1
A: Abnormal liver or renal funtions lor2

(1 point each)
S: Stroke 1
B: Bleeding 1
L: Labile INRs 1
E: Elderly (Age > 65) 1
D: Drugs (aspirin, clopidogrel, NSAIs, etc)or 1 or 2

alcohol ( point each)

*““Hypertension” is defined as systolic blood pressure 160
mmHg. “Abnormal kidney function” is defined as the pres-
ence of chronic dialysis or renal transplantation or serum
creatinine = 200 mmol/L or = 2.2 mg/dl. “Abnormal liver
function” is defined as chronic hepatic disease (e.g cirrho-
sis) or biochemical evidence of significant hepatic derange-
ment (e.g. bilirubin > 2 x upper limit of normal, in associa-
tion with aspartate aminotransferase/ alanine aminotrans-
ferase/ alkaline phosphatase > 3 x upper limit normal, etc.).
“Bleeding” refers to previous bleeding history and/or pre-
disposition to bleeding, e.g. bleeding diathesis, anaemia, etc.
“Labile INRs” refers to unstable/high INRs or poor time in
therapeutic range (e.g. < 60%). “Drugs/alcohol” use refers
to concomitant use of drugs, such as antiplatelet agents,
non-steroidal anti-inflammatory drugs, or alcohol abuse, etc.
INR, international normalized ratio®.
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In the peri-cardioversion period, prolonged
and effective anticoagulation is considered neces-
sary if the duration of AF is 48 hours or more
[“For patients with AF of = 48 h duration, or
when the duration of AF is unknown, oral antico-
agulant (OAC) therapy is recommended for = 3
weeks prior to and for = 4 weeks after cardiover-
sion, regardless of the method (electrical or
oral/i.v. pharmacological” (Class of Recommen-
dation I, level of evidence B)]>'®.

In patients with risk factors for stroke or AF
recurrence, OAC therapy should then be contin-
ued lifelong, irrespective of the apparent mainte-
nance of sinus rhythm following CV>16. An alter-
native to the = 3 weeks anticoagulation prior to
CV is a trans-esophageal echo (TEE)-guided
strategy, whereby, for AF lasting = 48 hours or of
unknown duration the finding of absent left atri-
um (LA) thrombi at TEE may allow immediate
CV without the cumbersome pre-CV prolonged
anticoagulation with OAC, therefore, shortening
hospital stay and considerably increasing the effi-
ciency of the overall treatment of acute AF.

If — on the other hand — LA thrombi are found
at TEE, current guidelines recommend not to
proceed to CV, to anticoagulate the patient for at
least 3 weeks with vitamin K antagonists at ther-
apeutic INR, and, possibly, in such cases,
reschedule a TEE before the subsequent attempt
of CV316,

The peri-CV period is always considered a
delicate time because of multiple reports show-
ing increased risk of stroke around CV, due to the
dislodgement of previously formed thrombi or
the actual occurrence of thrombosis even after re-
sumption of sinus rhythm, due to the phenome-
non of “atrial stunning”, prompting the recom-
mendation to anticoagulation independent of the
risk profile, of the type of AF and of the CV
modality. The pro-embolic tendency increases
markedly after CV, be it spontaneous, pharmaco-
logical or electrical, especially when the period
of AF before CV is prolonged*’“*%. After CV, risk
of thrombo-embolism due to post CV left atrial
dysfunction (so-called ‘atrial stunning’) persists
up to 3 months. Therefore, even in cases where
risk factors for stroke are absent and for AF dura-
tion of < 48 hours, or for duration = 48 hours
with evidence of no thrombi in the LA at TEE,
heparin coverage is considered opportune.

For patients with definite AF lasting 48 h or
less who have undergone successful CV, we also
recommend?, in keeping with the ESC Guide-
lines>!® continued long-term anticoagulation after

the procedure if there are risk factors for throm-
boembolism [I B]. In such patients we recom-
mend initiation of a VKA and continuation of un-
fractionated heparin (UFH) or a low-molecular-
weight heparin (LMWH) until a therapeutic INR
(2-3 in most cases) is achieved®.

For patients with definite AF lasting 48 hours
or less who have undergone successful cardiover-
sion and who have no risk factors for throm-
boembolism (i.e., CHA,DS,-VASc score = 0), we
allow for the discontinuation of anticoagulant
therapy immediately after cardioversion (ITa B)*,
but we still underline that heparin anticoagula-
tion is recommended around cardioversion even
without risk factors for stroke (I C), against some
different local practices.

Special notes concerning patients with AF and
mechanical prosthetic valves or valvular heart
diseases [rheumatic/degenerative/myxomatous
(especially mitral valve diseases)] in which inci-
dence of stroke is about 17%. Thereby, AF re-
quires life-long anticoagulation therapy in pa-
tients with valvular heart disease. VKAs (Aceno-
coumarol, warfarin, phenprocoumon) are the on-
ly drugs approved for thromboprophylaxis in
these patients®**°. Target INR is between 2.0-3.0
in patients valvular heart (except prosthesis) dis-
ease with AF>%,

Recommended level of anticoagulation (INR
level) in patients with prosthetic valves in the
presence of AF is summarized in Table VIII?*,
In ESC/EACTS guideline, the addition of aspirin
75 to 100 mg once daily to therapeutic warfarin
is recommended for all patients with mechanical
heart valves and those patients with biological
valves (e.g. bioprosthesis) who have risk factors
(atrial fibrillation, previous thromboembolism,
left ventricular (LV) dysfunction, ejection frac-
tion (EF) < 35% and hypercoagulable condi-
tion)?.

Antithrombotic Prophylaxis Treatment in
AF: Innovation and Research

The advent of novel oral anticoagulants
(NOAC:S) for stroke prevention in AF, including
the oral direct thrombin inhibitor dabigatran
etexilate (DE) and the Factor Xa inhibitors ri-
varoxaban, apixaban and — possibly in the near
future — edoxaban —°! is posing new problems
and questions for the peri-CV time in the limited
condition of non-valvular AF (since such drugs
are not and will likely not be for long time rec-
ommended outside of this indication). For
NOAC:S there is limited experience in the peri-
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Table VIII. Recommended level of anticoagulation (INR level) in patients with prosthetic valves in the presence of AF23,49.

Recommended levels in Recommended levels in
ESC/EACTS guidelines ACC/AHA guidelines

Mechanical aortic valve

Low prosthesis thrombogenicity 3.0 2.5-35
Medium prosthesis thrombogenicity 3.5 2.5-35
High prosthesis thrombogenicity 4.0 2.5-3.5
Bioprosthesis aortic valve 2.0-3.0 2.0-3.0
Mechanical mitral valve

Low prosthesis thrombogenicity 3.0 2.5-35
Medium prosthesis thrombogenicity 3.5 2.5-3.5
High prosthesis thrombogenicity 4.0 2.5-3.5
Bioprosthesis mitral valve 2.0-3.0 2.0-3.0

Prosthesis thrombogenicity: Low = Carbomedics, Medtronic Hall, St Jude Medical, ON-X; Medium = other bileaflet valves;
High = Lillehei-Kaster, Omniscience, Starr-Edwards, Bjork-Shiley and other tilting-disc valves. ACC: American College of
Cardiology; AHA: American Heart Association; EACTS: European Association for Cardio-Thoracic Surgery; ESC: European

Society of Cardiology.

CV time, and mostly in patients already treated
with NOACs and needing CV, with almost no ex-
perience with newly occurring AF. The only fully
published experience for NOACs at the time of
this writing is for DE.

An analysis of outcomes was performed in pa-
tients who underwent CV during the RE-LY trial,
testing DE 150 mg b.i.d. (DE150), vs DE 110 mg
b.i.d. (DE110) vs INR-adjusted warfarin for
stroke prevention in AF2, Here 1983 CVs were
performed in 1270 patients. Efficacy (rate of
stroke and systemic embolism) and safety (rate
of major bleeding) within 30 days following CV
were assessed™. For patients undergoing TEE,
there was no difference across the three treatment
arms in the incidences of LA spontaneous echo
contrast or left atrium appendage (LAA) throm-
bus. The incidence of stroke and systemic em-
bolism was low in all three treatment arms (al-
ways < 1%), and with no significant differences
[DE110 vs warfarin RR 1.28 (95% CI 0.35-
4.76); DE150 vs warfarin RR 0.49 (95% CI 0.09-
2.69)]. Rates were also similar in both the TEE-
guided and the non TEE-guided CV groups. Ma-
jor bleeding within 30 days after CV was infre-
quent (< 2%) in all groups, and with similar inci-
dence [RR 2.82 (95% CI: 0.90-8.82) for DE110
vs warfarin; RR 0.99 (95% CI: 0.25-3.93) for
DEI150 vs warfarin]. A separate analysis was per-
formed for first CVs of each patient. Results
were consistent with all CVs. Here rates for
stroke/systemic embolic events and major bleed-
ing were both low™.

Such experience in the RE-LY subgroups has
limitations in that it was a retrospective analysis
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of patients undergoing CV in a trial not powered
to show a difference in stroke and systemic em-
bolism among its three treatment arms in the set-
ting of CV. Low event rates precluded a rigorous
statistical analysis between groups (one has, on
the other hand, to remark that a definitive superi-
ority study is unlikely to be possible). In addi-
tion, case report forms were not prospectively de-
signed to collect complete echocardiographic de-
tails. In summary, however, rates of stroke and
systemic embolism within 30 days of CV were
low for both DE and warfarin, and there were no
significant differences for all CVs and first CVs
between study groups; outcomes were similar in
patients with and without TEE before CV; major
bleeding within 30 days was infrequent in all
groups. Therefore, in short: efficacy and safety of
DE in a large cohort of patients undergoing CV
was comparable to that of warfarin regardless of
the use of TEE. As a consequence, one may con-
clude that DE is a reasonable alternative to war-
farin in patients requiring CV. This analysis pro-
vides at the moment the largest CV experience
with a NOAC in this setting. It is likely that simi-
lar data will be available soon for rivaroxaban
and apixaban.

One additional final remark should be done in
the light of the data from the RE-LY subanalysis
and of the forthcoming data with other NOAC:s.
Since in non-valvular AF long-term anticoagula-
tion with a direct thrombin inhibitor or with a di-
rect factor Xa inhibitor, instead of a VKA, should
be considered [IIa B in the most recent ESC
Guidelines update'¢], we have argued that, due to
the faster onset of action of NOAC:S, in such cas-



Management of atrial fibrillation in the Emergency Department

es no bridging with UFH or a LMWH would be
necessary (Ila C), which is an additional non-
trivial advantage for the NOACs vs warfarin®.

Assessment of Heart Disease in AF:
Ultimate Echocardiographic Approach

Echocardiography provides a large number of
parameters that can be used for improving risk
stratification in patients with AF, and play a key
role in risk stratification and management of pa-
tients with AF>*.

Echocardiography may: (1) give information
on the conditions associated with AF, and risk for
recurrent AF following CV; (2) identify patients
at increased risk for thromboembolic complica-
tions of AF before CV and in patients with
chronic AF.

TTE should be performed for the initial workup
of all patients with acute AF. In a more selected
group of patients with paroxysmal or persistent
AF or in patients with chronic AF TEE provides
accurate information about the presence of a
thrombus in the atria and thromboembolic risk.

Transthoracic Echocardiography (TTE)

TTE should be, therefore, performed in almost
all patients with a first episode of AF. TTE has
the advantages of a bed-side and wide availabili-
ty and low cost.

Informations about LA and LV size and func-
tion, right atrium (RA) and RV size and function,
in addition to the presence of valvular, myocar-
dial, pericardial and congenital heart disease
which may predispose to AF, may be easily and
rapidly acquired by two-dimensional (2D) and
Doppler study using TTE. These information
may be helpful not only in determining the con-
ditions associated with AF, but also and risk for
recurrent AF following CV.

The assessment of mitral valve function can
influence the risk of thrombus formation. Ac-
cording to ESC guidelines, TTE usually provides
all the information necessary for a routine man-
agement, ie the severity, morphology and conse-
quences of mitral stenosis, as well as the extent
of other concomitant valve anatomic lesions. Mi-
tral regurgitation is a common finding in patients
with AF. When mitral regurgitation is moderate
to severe it seems to exert a protection against
clinical thromboembolism in chronic AF%.

A high prevalence of arterial hypertension has
been reported in patients with AF and the oc-
curence of AF is greater among hypertensive in-
dividuals. In hypertensive patients left ventricle

hypertrophy (LVH) is associated with a higher
appearance of AF during the follow-up, indepen-
dently of blood pressure values®>’. Accordingly
in the LIFE study in patients with absence or re-
gression of echocardiographic LVH the preva-
lence of atrial dilation was lower. In the presence
of LVH (and/or heart failure or other structural
heat disease) TTE assessment of global LV sys-
tolic function helps to guide the choice of phar-
macologic therapy for ventricular rate control in
chronic AF. LV dysfunction, as determined from
the TTE, independently predicts an increased risk
of a stroke in patients with AF. Despite the pre-
dictive value of LV dysfunction for thromboem-
bolic risk has been confirmed in many other in-
vestigations, it was shown very recently that in
“real world” patients with heart failure and atrial
fibrillation there are no differences in rates of
stroke and stroke/TE between patients with heart
failure (HF) with preserved ejection fraction
(PEF) and those with HF and reduced EF*® possi-
bly because AF patients with HF reduced EF
(HFREF) were more likely to be on HF medica-
tions than patients with HFPEF.

TTE is useful in the assessment of LA size in
AF. The normal LA antero-posterior diameter
from M-mode echocardiography, measured in the
parasternal long-axis or short-axis window, in
adults is less than 4.0 cm (or < 2.0 cm/m? body
surface area (BSA). Hence, 2D derived LA vol-
ume assessment using the biplane area-length
method or the Simpson’s method provides more
accurate measures of LA size. A LA volume index
of 29 mL/m? BSA is usually considered the upper
limits of the normal value®. LA enlargement is
common in AF, particularly in patients with mitral
valve disease, LV dilation, annular calcification, or
hypertension. In addition, sustained AF may deter-
mine itself a further increase in LA size®, while
after CV and maintenance of sinus rhythm the in-
crease in LA size is reversible.

LA enlargement is prognostically important,
since it decreases the probability of a long-term
maintenance of sinus rhythm after CV'. Patients
with a severe enlargement of the LA, AF duration
greater than one year, theumatic mitral valve dis-
ease, are at greatest risk for recurrent AF®2, How-
ever, when the AF duration is brief, it is worth-
while to attempt a CV, regardless of absolute left
atrial size.

In patients with AF, LA volume indexed by
BSA (body surface area) and measured before
CV, is a more accurate measure of LA remodel-
ing than LA diameter, and is strongly and inde-
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pendently associated with higher risks of AF re-
currence, with a 90% AF relapse in patients with
a LA indexed volume greater than 40 ml/m?.

As far as risk stratification with respect to recur-
rent stroke, LA volume is a more robust marker of
cardiovascular events than LA area or diameter in
subjects with sinus rhythm and in patients with
AF. The annual risk of stroke is 1.5% in cases with
a normal LA diameter, but raises significantly in
patients with an enlarged atrium. TEE is preferred
when looking for LA thrombi or when evaluating
left and right atrial appendages.

Two systematic reviews have evaluated the
stroke risk factors in patients with AF®*% and
identified age, hypertension, diabetes mellitus,
prior stroke/TIA/thrombo-embolism and structur-
al heart disease as the most important risk fac-
tors. The presence of moderate to severe LV sys-
tolic dysfunction on 2D TTE resulted the only in-
dependent echocardiographic risk factor for
stroke on multivariable analysis.

Transesophageal Echocardiography
(TEE)

Risk of stroke and systemic embolism in pa-
tients with AF is linked to a number of underly-
ing pathophysiological mechanisms. ‘Flow ab-
normalities’” in AF are evidenced by stasis within
the left atrium, with reduced LAA (left atrial ap-
pendage) flow velocities, and visualized as spon-
taneous echo-contrast on TEE%. In addition
progressive atrial dilatation and oedematous/fi-
broelastic infiltration of the extracellular matrix
(ECM) may favour the thrombus formation. The
LAA is the dominant source of embolism (90%)
in non-valvular AF.

The main advantage of TEE is its ability to de-
tect left and right atrial thrombi, spontaneous
echo contrast or reduced LA appendage blood
flow velocity, thereby identifying patients at risk
for emboli.

The main clinical use of TEE is in the man-
agement of anticoagulation in patients with AF
of more than 48 hours or high-risk patients with
AF of shorter duration who are candidates for
CV>3+65 Standard therapy in such patients con-
sists of four weeks of therapeutic oral anticoagu-
lant therapy before CV, which will cause resolu-
tion of most thrombi in patients with non
rheumatic AF with a low likelihood for formation
of new thrombi.

Alternatively, therapy may be guided by the
results of TEE: if no thrombi are seen at TEE,
CV can be performed with intravenous heparin,
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followed by oral anticoagulant therapy for a
month, in order to prevent new thrombus forma-
tion after CV; if thrombi (or spontaneous
echocontrast or low flow velocities in the LAA)
are seen, CV should be delayed, after an ade-
quate period of oral anticoagulant therapy.

In patients who have been adequately antico-
agulated with oral anticoagulants for at least four
weeks prior to CV, there is no indication for
TEE. TEE immediately prior to elective CV
should be considered only for those patients at
increased risk for LA thrombi (e.g., rheumatic
mitral valve disease, recent/prior thromboem-
bolism, severe LV systolic dysfunction).
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