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Left atrial appendage (LAA) thrombus in nonvalvular atrial fibrillation or flutter (AF) is a
major cause of stroke and presents a therapeutic dilemma in a rhythm-control strategy.
The prevalence and resolution of LAA thrombus has not been studied well in the era of
non—vitamin K antagonist oral anticoagulant use. This study sought to establish (1) the
prevalence of LAA thrombus (2) the prevalence of LAA thrombus despite antithrombotic
therapy, (3) the rate of persistence of LAA thrombus despite appropriate anticoagulant
prescriptions, and (4) determinants of LAA thrombus persistence. Consecutive transeso-
phageal echocardiograms (TEE) performed in patients with AF were reviewed to estimate
the overall prevalence of LAA thrombus and the resolution rate in those with repeat stud-
ies. Multivariable logistic regression was used to identify clinical and echocardiographic
predictors of thrombus resolution. Of 1,485 patients with AF, 117 (8%) had LAA throm-
bus. Of those, 62 had repeat TEE within 1 year and 58 (94%) were prescribed adequate
anticoagulation in TEE studies (mean interval 96 + 72 days). Thirty-seven patients (60 %)
had LAA thrombus resolution. Thrombus resolution rate was only 79 % in patients consid-
ered on appropriate anticoagulation. Patients with persistent LAA thrombus were more
likely to have diabetes; no other clinical or echocardiographic variable was independently
associated with thrombus resolution. There was no significant difference in LAA throm-
bus resolution between non—vitamin K antagonist oral anticoagulants and warfarin. LAA
thrombus persistence despite adequate anticoagulation is relatively common and difficult
to predict clinically; TEE before electrical cardioversion should be considered regardless

of anticoagulation status. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol

2019;123:63—68)

Thromboembolic stroke due to left atrial appendage
(LAA) thrombus is the most catastrophic complication
of atrial fibrillation and atrial flutter (AF), and is a
major risk in electrical cardioversion. Non—vitamin K
antagonist oral anticoagulants (NOACSs) are noninferior
to warfarin before and after electrical cardioversion.'
However, medication noncompliance is common,*> and
can lead to serious embolic complications after electri-
cal cardioversion. This study aimed to establish (1) the
prevalence of LAA thrombus, (2) the prevalence of
LAA thrombus despite antithrombotic therapy, (3) the
rate of LAA thrombus persistence on repeat transeso-
phageal echocardiogram (TEE) despite appropriate anti-
coagulation, and (4) determinants of LAA thrombus
persistence. Such real-world estimates will identify the
risk associated with performing electrical cardioversion
of AF without TEE in the NOAC era. In addition, our
data may identify high-risk patients in whom TEE
should be considered before cardioversion.
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Methods

We reviewed 2,016 consecutive TEE studies per-
formed in 1,485 individuals with AF between January
2013 and February 2017 in the Cedars-Sinai noninvasive
laboratory. TEEs were identified by collecting a list of
all studies performed with ICD coding for AF. For LAA
thrombus prevalence estimates, we only considered a
patient’s first thrombus identification (1 study per indi-
vidual patient). LAA sludge was treated as equivalent to
thrombus because there is evidence that rates of throm-
boembolism are high in patients with LAA sludge® and
cardioversion would be delayed in practice. Sludge (or
prethrombus) was defined as a layered, viscid echoden-
sity without a discrete mass, which was present through-
out the cardiac cycle and not consistent with
spontaneous echo-contrast.” Demographic and clinical
characteristics were collected from electronic medical
records. In addition, each chart was reviewed for docu-
mented antiplatelet and antithrombotic therapy. Echocar-
diographic  variables were collected from our
echocardiogram database. We identified patients with
LAA thrombus or prethrombus who had a repeat TEE
within 1 year to obtain estimates of thrombus persis-
tence in all patients and in those prescribed appropriate
antithrombotic medications. Finally, subsequent throm-
boembolic complications such as stroke, transient ische-
mic events, or peripheral thromboembolism in included
patients were identified from chart review.
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Patients with left atrial occluder devices and those with
previous surgical LAA ligation were excluded. For preva-
lence estimates of LAA thrombus (but not rate of resolu-
tion) we included preoperative TEEs of patients who
underwent LAA occluder device placement or orthotopic
heart transplant (n=4 and n=1, respectively, with LAA
thrombus). In patients with multiple TEEs performed for
atrial fibrillation, we only considered the initial TEE for
prevalence estimates. Many patients had multiple follow-
up TEEs after LAA occluder device placement or heart
transplant; these studies were excluded from analyses.

Descriptive statistics of patient characteristics are pre-
sented as mean and standard deviation for continuous varia-
bles and as percentages for categorical variables. Variables
were compared with student ¢ test and chi-square statistics,
as appropriate. A logistic regression model with thrombus
resolution as the dependent variable was created consider-
ing the following variables: age, ethnicity, gender, type of
atrial fibrillation (paroxysmal vs chronic), history of diabe-
tes, current smoking, history of hypertension, history of
coronary artery disease, history of stroke or transient ische-
mic attack, history of heart failure, LV dysfunction, abnor-
mal LAA emptying velocity, LAA configuration, severe
mitral regurgitation, moderate or severe mitral stenosis, and
CHA,DS,-VASC score. Paroxysmal atrial fibrillation was
defined as a continuous episode of palpitations or docu-
mented atrial fibrillation lasting <7 days with self-termina-
tion. We assessed colinearity of variables in the regression
model with the variance inflation factor and considered val-
ues of >4 suggestive of colinearity. Backward variable
elimination of nonsignificant variables at an a-level >0.05
derived a parsimonious model for thrombus resolution.
Adjusted odds ratios (aOR) and 95% confidence intervals
(CIs) are reported. SAS version 9.4 (SAS Institute Inc.,
Cary, North Carolina) was used for statistical analyses. The
Cedars-Sinai Institutional Review Board approved this ret-
rospective study with the requirement for individual patient
informed consent waived.

Results

Among 1,485 patients with AF underwent TEE, 117
patients (7.8%) were found to have LAA thrombus or pre-
thrombus. Demographic and clinical characteristics of
patients with LAA thrombus or prethrombus are shown in
Table 1. Echocardiographic characteristics of patients with
LAA thrombus are described in Table 2.

The antithrombotic regimens of patients with LAA
thrombus or prethrombus are described in Table 3A.
Among 117 patients with LAA thrombus, 61 were on an
antiplatelet agent (including aspirin), and all but one of
these was also on anticoagulation (warfarin, NOAC, or low
molecular weight heparin [LMWH]). Among patients with
repeat TEE, all were anticoagulated. Of 31 patients on war-
farin, only 17 (59%) had international normalized ratio val-
ues >2.0 preceding the index TEE. Thirty-nine patients
(33%) were prescribed a NOAC, with rivaroxaban being
the most frequently prescribed (54%). Therefore, half of
the patients (n = 56) who had LAA thrombus would be con-
sidered appropriately anticoagulated without the need for

TEE before
standards. "’

Of 117 patients with identified left atrial thrombus, 63
patients had a repeat TEE within 1 year (mean interval 96
=+ 72 days) and documented continuous anticoagulant ther-
apy. LAA thrombus resolution was seen in 37 (58.7%) of
these patients (Figure 1). In total, 23 (20%) patients had
electrical cardioversion within a year of the index TEE—3
after the index TEE and 20 after repeat (or third) TEE.
There was no significant difference in resolution rates
between those with true LAA thrombus and those with
LAA sludge on initial TEE (62% and 55%, respectively).
Among patients without thrombus resolution, 13 had true
LAA thrombus on initial TEE. Of these, 11 (85%) had per-
sistent thrombus on repeat TEE, while 2 (15%) had sludge.
Further subgroup analysis was not performed due to low
power and the fact that the presence of either finding would
preclude cardioversion.

Anticoagulation regimen in TEEs is shown in Table 3B.
Of the patients prescribed NOACs, 2 (7.1%) were pre-
scribed dabigatran, 12 (43%) rivaroxaban, and 16 (50%)
apixaban. Overall, 73% of patients were on appropriate
anticoagulant medications before repeat TEE, but only
59% had thrombus resolution.

As shown in Table 1, patients without thrombus reso-
lution in TEE studies were more likely to be diabetic
and on antiplatelet therapy. A history of hypertension
was numerically more frequent in those without throm-
bus resolution, while atrial flutter was numerically more
frequent in patients with thrombus resolution. All other
clinical and echocardiographic variables were similar in
groups. LAA configurations were assessed for all
patients. Fourty-nine (49%) had the "cauliflower" config-
uration, 48 (41%) had the "windsock" configuration, 12
(10%) had the "cactus" configuration, and only 6 (5%)
had the "chickenwing" configuration. Two patients had
unidentified LAA configurations due to incomplete long-
axis imaging of the appendage. There were no signifi-
cant differences in LAA thrombus resolution among dif-
ferent LAA configurations.

Limited by sample size, rates of resolution among differ-
ent anticoagulation classes were statistically nonsignificant,
although numerically more frequent with NOACs. Sixteen
of 29 (55%) patients on warfarin had thrombus resolution
on repeat TEE, while 21 of 32 (66%) patients on a NOAC
had thrombus resolution (Figure 2). The fact that interna-
tional normalized ratio levels in therapeutic range ( >2) in
warfarin users was also not associated with LAA thrombus
resolution suggests that lack of power for such comparisons
may explain these results.

The only multivariable-adjusted determinant of throm-
bus persistence was a history of diabetes mellitus (OR 0.23,
95% CI1 0.061 to 0.853, p=0.028). Diabetes also remained
the only significant predictor (OR 0.167, CI 0.029 to 0.965,
p=0.046) after exclusion of patients with severe mitral
regurgitation, severe mitral stenosis, and low molecular
weight heparin use. There was a trend for higher LV ejec-
tion fraction being associated with thrombus resolution, but
this was not statistically significant (OR 1.42, 95% CI 0.91
to 2.21, p=0.1). No other clinical or echocardiographic
characteristic was predictive of thrombus persistence/

cardioversion per currently accepted
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Table 1
Clinical characteristics

Variable All subjects Subjects with Thrombus Thrombus not p Value resolved
n=117) repeat TEE resolved (n=37) resolved (n =26) vs not resolved
(n=63)
Demographic Characteristics
Age, (years) 73.6 (SD 12) 71.9(SD 11.9) 72.5(SD 13.4) 71(SD9.1) 0.6370
Men 52 (44%) 17 (27%) 10 (27%) 7 (27%) 0.9329
Non-Hispanic Black 18 (16%) 9 (14%) 5 (14%) 4 (15%) 1.000
Medical History
Paroxysmal Atrial Fibrillation 21 (18%) 9 (14%) 5(15%) 4 (14%) 0.2753
Atrial Flutter 10 (9%) 6 (10%) 6 (16%) 0 (0%) 0.0727
Smoker 5 (4%) 2 (3%) 2 (5%) 0(0%) 0.5108
History of Heart Failure 73 (62%) 35 (56%) 22 (60%) 13 (50%) 0.5612
History of Hypertension 87 (74%) 42 (67%) 22 (60%) 20 (77%) 0.0897
Diabetes Mellitus 26 (22%) 13 (21%) 4 (11%) 9 (35%) 0.0257
Prior Stroke 21 (18%) 10 (16%) 3 (2%) 7 (27%) 0.0743
History of Peripheral Arterial Disease 8 (7%) 4 (6%) 0(0%) 4 (15%) 1.0000
History of Coronary Artery Disease* 49 (42%) 25 (40%) 14 (38%) 11 (42%) 0.6275
CHA,DS,-VASC Score, mean (SD) 3.9(2) 3.4(2) 33(1) 3.7(2) 0.3167

* History of coronary artery disease was defined as the presence of atherosclerosis of the coronary arteries on cardiac angiography or any history of a posi-

tive stress test.

resolution in multivariable comparisons, although this was
limited by our sample size.

Among patients with repeat TEE, 3 (4.8%) suffered a
cardioembolic stroke within a year. The average age of
these patients was 77 £ 3 years at the time of repeat TEE,
and all 3 patients had a CHA,DS,-VASC score of 3 at pre-
sentation. In this group, all 3 had sludge on initial TEE; 1
had thrombus and 2 had sludge on repeat TEE. All 3
patients were placed on anticoagulation with a NOAC (2
with rivaroxaban, 1 with apixaban) after the initial diagno-
sis of LAA thrombus. Two patients had persistent thrombus
or prethrombus on repeat TEE (mean interval in TEEs 54
=+ 9.3 days), and had anticoagulation continued indefinitely
thereafter. One patient was reported to be noncompliant
with rivaroxaban in the weeks before CVA.

Of 54 patients without repeat TEE, 5 suffered cardioem-
bolic complications (3 ischemic strokes, 1 transient ische-
mic attack, and 1 splenic infarction) in follow-up. The
average age was 73 £ 13 years, and average CHA,DS,-
VASC score was 4 at presentation. Among these, 2 had
sludge on TEE and 3 had thrombus. Four patients were pre-
scribed a NOAC (2 with rivaroxaban, 2 with apixaban) after

diagnosis of LAA thrombus, and 1 was prescribed warfarin.
One patient was documented to be noncompliant with rivar-
oxaban in follow-up.

Discussion

In our real-world observational study, we report the fol-
lowing major findings: (1) LAA thrombus or prethrombus
(i.e., sludge) was found in 8% of patients with AF who
underwent TEE, of whom half would be considered appro-
priately anticoagulated. Therefore, the rate of LAA throm-
bus despite apparently appropriate anticoagulation is 4%.
(2) Among those patients with LAA thrombus with a fol-
low-up TEE, 77% were prescribed an appropriate anticoag-
ulant regimen, but only 60% (79% of appropriately
anticoagulated patients) had thrombus resolution. There
was no statistically significant difference in the rate of LAA
thrombus resolution between oral anticoagulant classes,
although this observation was limited by relatively small
sample size. (3) The only multivariable-adjusted determi-
nant of thrombus persistence was a clinical history of diabe-
tes mellitus.

Table 2

Echocardiographic characteristics

Variable All subjects Subjects with Thrombus Thrombus not p Value resolved
(n=117) repeat TEE resolved (n=37) resolved (n =26) vs not resolved

(n=63)

Initial TEE

Left Ventricular Dysfunction 51 (44%) 24 (38%) 12 (32%) 12 (46%) 0.2170

Severe Left Ventricular Dysfunction 39 (33%) 20 (32%) 14 (38%) 6 (23%) 0.2529

Mitral Regurgitation, severe 8 (7%) 4 (6%) 4 (100%) 0 (0%) 0.1411

Mitral Stenosis, moderate to severe 6 (5%) 3(5%) 2 (5%) 1 (4%) 1.000

Left Atrial Appendage Velocity Reduced 102 (87%) 58 (92%) 35 (97%) 23 (89%) 0.5624

Left Atrial Thrombus 62 (53%) 34 (54%) 21 (57%) 13 (50%) 0.6

Left Atrial Sludge 55 (47%) 29 (46%) 16 (43%) 13 (50%) 0.6
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Table 3

Anticoagulation regimen

Variable All subjects Subjects with repeat Thrombus Thrombus not p Value resolved
(n=117) TEE (n=63) resolved (n=37)  resolved (n=26) vs not resolved

A. Anticoagulation regimen at initial TEE

Any antiplatelet medication 61 (52%) 31 (49%) 14 (38%) 17 (65%) 0.03

Vitamin K antagonist 31 (27%) 21 (33%) 13 (35%) 8 (31%) 0.7

INR therapeutic at time of scan 17 (55%) 17 (81%) 6 (46%) 3 (38%) 0.4

Non-Vitamin K antagonist Oral Anticoagulant 39 (33%) 20 (32%) 11 (30%) 9 (35%) 0.9

B. Interval Anticoagulation regimen

Any antiplatelet medication N/A 29 (46%) 17 (46%) 12 (46%) 1

Vitamin K antagonist N/A 29 (46%) 16 (43%) 13 (50%) 0.6

INR therapeutic at Time of scan N/A 12 (41%) 7 (44%) 5 (38%) 0.8

Non-Vitamin K antagonist Oral Anticoagulant N/A 32 (51%) 21 (57%) 11 (42%) 0.3

Low Molecular Weight Heparin N/A 2 (3.2%) 0 (0%) 2 (7.7%) 0.09

Previous studies have reported the prevalence of left
atrial thrombi between 8% and 30%; """ our study falls on
the lower end of this range (8%). Although, it remains com-
mon practice to perform electrical cardioversion without
TEE guidance after 3 weeks of therapeutic anticoagulation,
our data suggests that there remains a small (at least 4%)
risk of LAA thrombus, which may cause iatrogenic stroke.
This risk must be weighed against the much smaller risk of

performing a precardioversion TEE in an already sedated
patient. Additionally, subclinical thromboembolism—as
seen in most patients underwent transcatheter aortic valve
replacement'>—may occur after cardioversion without
TEE guidance, an avoidable risk that may be greater than
previously believed.

Several studies have reported the predictive value of
various echocardiographic parameters, including LV

2,016 TEEs performed for AF/Aflutter
in 1,483 individual patients

v

| 117 (7.8%) with LAA thrombus or sludge

v

:{ N=34 with no repeat TEE |

63 patients with LAA thrombus and repeat TEE
within one year

37 (59 %) patients
with thrombus
resolution

21 (57%) - DOAC

0 (0%) -LMWH

16 (43%) - conmadin
-7(19%) - INR=2

l ,,

26 (41 %) without
thrombus resolution

11 (42%) - DOAC

2 (8%) -LMWH

13 (50%) - coumadin
-5(19%) - INR=2

‘, l

28 (76%) appropriately
anticoagulated

18 (69%) appropriately
anticoagulated

Figure 1. Patient flow chart including prevalence and resolution rate of LAA thrombus and prethrombus (sludge), prevalence of anticoagulation regimens,
and prevalence of appropriate anticoagulation in each group. Abbreviations: AF = indicates atrial fibrillation; INR = international normalized ratio; LA =1left
atrium; LAA =left atrial appendage; LMWH =low molecular weight heparin; NOAC = direct-acting oral anticoagulant; TEE = transesophageal echocardio-

gram.
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Figure 2. Resolution rates of LAA thrombus and pre-thrombus in patients on warfarin (55%) and patients on NOACs (66%, difference nonsignificant).

Abbreviations: LAA indicates left atrial appendage; N.S., non-significant p value.

ejection fraction, LAA velocity, and LV volume."”~*’

Our data could not confirm these associations. Addition-
ally, there is a growing interest in the relevance of LAA
configuration in predicting the risk of thromboembolic
stroke.'®!'” This study could not confirm an association
of LAA configuration with presence or resolution of
thrombus. Here, a history of diabetes mellitus was the
only predictor of LAA thrombus persistence. This sug-
gests that in heterogeneous populations, practitioners can-
not reliably predict an individual’s risk for thrombus
persistence. This may be particularly relevant in patients
prescribed NOACs, where medication compliance and
adequacy of anticoagulation cannot be easily assessed.

Despite the efficacy of NOACs in prevention of throm-
boembolic complications of AF,”°2? there have been few
studies examining their efficacy in resolving known LAA
thrombus. Previous studies with warfarin showed thrombus
resolution rates from 50% to 90%.”° *>**?” The XTRA
trial demonstrated comparable resolution of LAA thrombus
with rivaroxaban and warfarin.”® Our data suggest that left
atrial thrombi resolve at similar rates with NOACs as with
warfarin and although some prospective, controlled studies
have reported higher rates of thrombus resolution,”* >
our results may better represent the real-world effectiveness
of these medications when nonadherence to anticoagulant
therapy, which has been reported to be as high as 50%*"*°
plays a more important role. Thus, compliance should not
be assumed, but the opposite considered when planning
electrical cardioversion.

Our single-center, retrospective study of a heteroge-
neous (all-comer) population is limited by the potential
for unmeasured confounders. Patients at high risk for
thrombus persistence may have been more likely to
undergo repeat TEE. However, given that currently no
reliable clinical predictors of thrombus resolution exist,

we believe our findings are still relevant in clinical prac-
tice. As done in practice, 3D imaging was not utilized in
all patients and documentation of medication compli-
ance was imperfect. As this was a retrospective study,
we were unable to ensure standardization in timing and
use of repeat TEE for assessment of thrombus resolu-
tion. We were also unable to specifically examine the
rate of LAA thrombus in those patients with <48 hours
of atrial fibrillation or those with exactly 3 to 4 weeks
of anticoagulation, who are considered the best candi-
dates for cardioversion without TEE. We were unable to
collect information on the incidence of thromboembo-
lism in patients without LAA thrombus on TEE. Most
importantly, our results are limited by relatively low sta-
tistical power. Additional prospective and multicenter
studies should be performed to confirm our findings and
identify predictors of LAA thrombus incidence, resolu-
tion, and embolization while treated with different anti-
coagulant regimens.

In conclusion, in this observational study, 8% of
patients with AF had LAA thrombus on TEE, while 4%
of patients on adequate oral anticoagulants had LAA
thrombus, supporting the clinical observation that some
patients develop LAA thrombus despite seemingly
appropriate anticoagulation. Follow-up studies are war-
ranted to more reliably estimate the magnitude and
implications of this finding. Furthermore, we found an
imperfect thrombus resolution rate: 79% in patients con-
sidered on appropriate anticoagulation. Thus, performing
low-risk TEE before electrical cardioversion should be
considered in all patients.
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