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Abstract

Background: One of the most catastrophic complications of Atrial fibrillation (AF) is
thromboembolic stroke. Current guidelines recommend that 3weeks of anticoagula-
tion is adequate prior to direct current cardioversion (DCCV) to prevent thromboem-
bolism. Here we present data regarding, which anticoagulant is most likely to show a
presence of an Left atrial appendage thrombus (LAAT) on trans esophageal echocar-
diogram (TEE) for DCCV despite 3weeks of anticoagulation.

Obijective: To investigate the effectiveness of both vitamin k antagonist (VKA) and
direct oral anticoagulants (DOAC) in patients with AF as an anticoagulant for LAAT
after 3weeks of medication.

Methods: This is a single-high volume tertiary center, where TEE precardioversion is
the standard practice. We reviewed data over 10 months where DCCV was intended
on individuals with AF who were fully anticoagulated for at least 3 weeks with either
a VKA or taking a DOAC.

Results: The data showed a statistical difference between patients who were fully
anticoagulated for at least 3weeks with VKA in comparison to DOACs. Patients on
DOAC:s are significantly less likely to have an LAAT after at least 3weeks of antico-
agulation. OR = 0.04 (Cl 95% 0.005-0.42; p-value <.05). Despite anticoagulation for
at least 3weeks, 40% of our patients still had a LAAT.

Conclusion: Our data indicates that all patients should be required to undergo a TEE
prior to DCCV. This data also adds to the current evidence and supports the use of
DOAC in AF to prevent LAAT.
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1 | INTRODUCTION

Atrial fibrillation (AF) is one of the most common arrhythmias in the
United States affecting approximately about 1% of the population
(Ryder & Benjamin, 1999). AF is an independent risk factor for throm-
boembolism complications such as stroke often due to clot forma-
tion in the left atrium. Oral anticoagulation is known to reduce the
incidence of stroke by over 60% in these patients (Airaksinen, 2015).
Elective cardioversion is a well-established treatment for this poten-
tially fatal arrhythmia (Soulat-Dufour et al., 2022). However, the elec-
tro cardioversion procedure itself poses a risk of clot dislodgement.
Though the rate of embolic events after elective cardioversion is low
at about 0.4%-1.8%, the global burden of AF and escalation of use
of cardioversion, increases this risk (Gentile et al., 2002). Advances
in trans esophageal echocardiogram (TEE) imaging have made it pos-
sible to fully visualize the left atrial appendage (LAA) and assess the
presence of thrombus there. Although, TEE has been incorporated
as part of the practice, it is not required in fully anticoagulated pa-
tients who have been anticoagulated for at least 3weeks per 2019
AHA guidelines. (January, 2019). With the high risk of stroke in AF
and varying anticoagulation regimens, TEE can be routinely done to
rule out thrombi before elective cardioversion in patients.

2 | METHODOLOGY

We conducted a retrospective cohort study at a single teaching hos-
pital, manually reviewing TEE records between November 2019 and
September 2021. Inclusion criteria were: a patient had to have been
on an anticoagulant, including warfarin, rivaroxaban, dabigatran, or
apixaban for at least.

Three weeks, a TEE prior to DCCV, and age greater than 18.
We collected data on the left atrial volume index, and absolute
left atrial size, age, race, sex, presence of the clot on the TEE, and
type of medication used for anticoagulation. We did not assess INR
values for inclusion, as these were not always available for review

prior to the procedure. Patients were asked if they had been taking

their medications as directed, and if they had therapeutic INRs if
they were on warfarin. Analysis of the data was performed with
Microsoft Excel and RStudio.

3 | RESULTS

Between November 2019 and September 2021, 40 patients [22
men and 18 women] were identified who met our inclusion criteria
of having Atrial fibrillation or atrial flutter and fully anticoagulated
for at least 3weeks. 25 patients [12 males, 13 females] were identi-
fied that met criteria to undergo TEE with DCCV as no left atrial
appendage thrombus (LAAT) was identified while 15 patients [10
male, 5 female] were found to have a LAAT. The mean age of all
the patients was 68.775 [36-94] years. The average age of those
patients without a LAAT was 69.12 [36-91] while those with a LAAT
had an average of 68.2years [50-94]. 80% of the participants were
taking a DOAC at the time of the study while the other 20% were
taking Coumadin. Of the patients taking a DOAC, 25% (8 patients)
were found to have a LAAT. Of the patients taking Coumadin, 88%
(7 patients) were found to have a LAAT. Figure 1 graphically rep-
resents the percentage of LAAT identified on TTE while on each
anticoagulant.

Patients included in this study underwent echocardiography and
had left atrial volume index (LAVI) and left atrial size measured. The
average LAVI of all participants was 43.46 ml/mA [two patients with
a LAAT did not have documented LAVI]. The 25 patients without a
LAAT had an average LAVI of 43.60mlI/mA while the patients with
a LAAT had an average LAVI of 43.18 ml/mA. The average LA size
of all participants was 4.36cm [one patient with LAAT did not have
documented LA Size]. The patients without an LAAT had an average
LA size of 4.30cm while the patients with a LAAT had an average LA
size of 4.48cm.

The data indicates that there is a clinically significant difference
in the effectiveness of DOACs compared to Vit K antagonists in pre-
venting LAAT in patients with atrial fibrillation or atrial flutter who

have been anticoagulated for at least 3weeks.
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4 | DISCUSSION

Intracardiac thrombosis can be identified in any of the four cham-
bers of the heart, but it is most commonly found in the left ventri-
cle and the left atrium, specifically the left atrial appendage. Like
most thrombosis, its pathophysiology is associated with Virchow's
Triad, that is, stasis, endothelial damage and hypercoagulable
state. Risk factors for the development of intracardiac throm-
bus include atrial fibrillation, abnormal endocardium, left atrial
dilatation related to valvular disease or heart failure, and post
myocardial infarction (Al-Sadawi et al., 2020). Transesophageal
echocardiogram (TEE) is considered the gold standard to detect
left atrial appendage thrombi with a specificity of about 99%
(Romero et al., 2013). Dating to an old study, before relying on
TEE, (Aschenberg et al., 1987) described that they observed an en-
largement in the left atrial appendage, which gave rise to thrombi
in the LAA in valvular atrial fibrillation. In their study, seven out
of the 24 patients developed a thrombus while being fully anti-
coagulated with a negative trans-thoracic echocardiogram (TTE).
(Aschenberg) The most dangerous complication of an intracardiac
thrombus is embolization and subsequent ischemic cerebrovascu-
lar event. Oral anticoagulant medications have long been used for
treatment and prevention of LAA thrombi.

In the past, vitamin K antagonists (VKA) were considered
standard of care. Vitamin K antagonists are a class of medications
that disrupt the formation of factors Il, VII, IX, Protein C and S.
Warfarin is the most commonly used VKA and has a long half-life
of 40h and time to therapeutic range can be 3-5days. VKAs have
many complications including a very narrow therapeutic window
and frequent lab monitoring of INR. Its dose-response curve var-
ies extensively among patients and can be influenced by an array
of factors including body weight, age, dietary ingestion of vitamin
K, liver disease and genetic factors (Schulman, 2017). The require-
ment of frequent laboratory monitoring makes patient compliance
with VKA very difficult. One study showed that in patients on
warfarin for AF, patients were in therapeutic range approximately
50% of the time (Bertomeu-Gonzalez et al., 2015). The intensity
of periprocedural warfarin anticoagulation is inversely associated
with a higher rate of thromboembolism during elective cardiover-
sion (Hellman, 2017).

Due to the complications of VKA treatment, newer agents such
as Direct oral anticoagulants (DOACs) are gaining favor. DOACs have
become favored alternatives for the prevention of thrombosis in car-
diovascular diseases such as AF. DOACs are classified as either oral
direct factor Xa inhibitors, such as rivaroxaban and apixaban, and
direct thrombin inhibitors, such as dabigatran. Since their release in
2010, DOACs have received FDA-approval for treatment and pre-
vention of thrombosis in nonvalvular AF, deep vein thrombosis, and
pulmonary embolism (Goldman, 2020). Comorbidities such as renal
and hepatic impairment and obesity affect the pharmacokinetics
of DOACs but dose adjusted regimens exist. Unlike VKAs, DOACs
do not require monitoring, have fewer drug interactions and do not
require dietary restrictions; likely increasing their compliance. They
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also have less risk of major bleeding and intracranial hemorrhage
(Julia & James, 2017; Chen et al., 2020).

Cardioversion is a mainstay of treatment in specific patient popu-
lations for resolution of symptomatic AF. Large prospective random-
ized control trials such as ENSURE-AF, EMANATE and one from the
European Heart Society support the safety and efficacy of DOACs
over VKA for thromboembolism prevention with AF undergoing
cardioversion (Cappato, 2014; Ezekowitz, 2018; Goette, 2016). Our
study concurs with these studies in preferring a DOAC over VKA for
prevention and treatment of LAA thrombus in patients with AF. This
is likely due to the multiple complications with VKA and difficulty in
maintaining therapeutic range.

Cardioversion provides a substantial risk of embolization with
conversion to sinus rhythm in patients who have an underlying LAA
thrombus. An initial TEE can be done to evaluate for thrombus, in the
absence of a thrombus, cardioversion is performed. Current clinical
guidelines from both the European Heart Rhythm Association and
American Heart Association recommend that when cardioverting
a patient with AF, they should be treated with at least 3weeks of
uninterrupted therapy. It is recommended but not required to per-
form a TEE after this period of treatment to evaluate for presence
of LAA thrombus. The decision about anticoagulant therapy beyond
4 weeks prior to scheduled cardioversion is based on a bleeding risk
evaluation and thromboembolic risk profile. One small study evalu-
ated DOAC efficacy for resolution of left ventricular thrombus, they
found that about 15 out of 16 patients had resolution on a follow up
TEE, but only after a significantly large mean duration of therapy of
112days (Fleddermann, 2019).

Left end diastolic volume index has been shown to be an inde-
pendent risk factor for all composite cardiovascular mortality includ-
ing strokes (Thadani et al., 2020). (Van Chien et al., 2019) studied that
in new onset, nonvalvular AF, using CHADS-VASc scoring system
along with LAVI and LA strain parameters could predict the possibil-
ity of thrombus formation in patients that were not anticoagulated.
They found a positive correlation between LA size and the incidence
of LAAT, although they excluded patients that were previously on
anticoagulation (Van Chien et al., 2019). As described in the results,
LA size greater than 4.48cm was more likely to be associated with
presence of LAAT.

Our study showed that despite anticoagulation for the recom-
mended 3weeks prior to cardioversion a significant number (40%) of
patients were found to have a left atrial thrombus. We demonstrated
that patients on warfarin had a much higher incidence of LAAT, as
shown in previous studies. However, one-fourth of patients on
DOACs were found to have a LAAT as well. We believe this suggests
that TEE prior to cardioversion should be required despite anticoag-
ulation therapy to prevent the risk of consequent thromboembolism.
As more research continues to show the benefit of early rhythm con-
trol in patients with atrial fibrillation, we expect the number of car-
dioversions to increase over the next decade (Soulat-Dufour, 2022;
Kirchhof, 2020). We hope to promote further research with large
multicenter trials to change the existing guidelines for evaluation of
LAAT prior to cardioversion.
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4.1 | Limitations

As a single center trial, we are limited by a small study population.
Larger trials are necessary to improve the power of the study. This
study did not include factors to calculate a CHADS-VASc score on
each patient. We did not isolate patients with a new diagnosis of
atrial fibrillation, and look at time until sinus rhythm was achieved.
This study did not account for patients who underwent ablation be-
fore cardioversion. We did not delineate between the different bur-

dens of atrial fibrillation.

5 | CONCLUSION

This retrospective study shows the importance of using TEE to ver-
ify the absence of clot in the LAA, prior to DC cardioversion despite
at least 3weeks of anticoagulation. It also highlights how ineffective
warfarin is compared to DOACs for our patient population. This re-
search adds to the growing body of work that shows the superiority
of DOACs compared to VKA.
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