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Abstract

Background: Atrial fibrillation is the most important risk factor for left atrial

appendage (LAA) thrombi, a potentially life‐threatening condition. Thrombus

resolution may prevent embolic events and allow rhythm‐control strategies, which

have been shown to reduce cardiovascular complications.

Hypothesis: There is no significant difference between phenprocoumon and non‐

Vitamin K‐dependent oral anticoagulants (NOACs) in the resolution of LAA‐thrombi

in a real‐world setting.

Methods: Consecutive patients with LAA‐thrombi from June 2013 to June 2017

were included in an observational single‐center analysis. The primary endpoint was

defined as the resolution of the thrombus. The observational period was 1 year.

Resolutions rates in patients on phenprocoumon or NOACs were compared and the

time to resolution was analyzed.

Results: We identified 114 patients with LAA‐thrombi. There was no significant

difference in the efficacy of resolution between phenprocoumon and NOACs

(p = .499) at the time of first control which took place after a mean of 58 ± 42.2

(median 48) days. At first control most thrombi were dissolved (74.6%). The analysis

after set‐time intervals revealed a resolution rate of 2/3 of LAA‐thrombi after 8–10

weeks in the phenprocoumon and NOAC groups. After 12 weeks a higher number of

thrombi had resolved in the presence of NOAC (89.3%) whereas in the presence of

phenprocoumon 68.3% had resolved (p = .046).

Conclusion: In this large observational study NOACs were found to be potent drugs

for the resolution of LAA‐thrombi. In addition, the resolution of LAA‐thrombi was

found to be faster in the presence of NOAC as compared to phenprocoumon.
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1 | INTRODUCTION

Over 26 million people worldwide suffer from a stroke every year. In

western countries 20% of all strokes and transient ischemic attacks

(TIAs) are of cardioembolic origin.1,2 Cardioembolic strokes are more

severe than other ischemic strokes.3,4 There has been a steady

increase of cardioembolic strokes in the last few years.5 In patients

with atrial fibrillation (AF) as the most important risk factor, a

consequent anticoagulant therapy avoids 70% of all cardioembolic

strokes.5,6 Therefore, the presence of intracardiac thrombi is a

potentially life‐threatening condition because of the risk of emboliza-

tion. To allow rhythm control in patients with AF which may be of

prognostic relevance7 the presence of intracardiac thrombi has to be

excluded in advance.

Thus, not only prevention but also adequate therapy of existing

thrombi is of utmost importance. Today non‐vitamin K‐dependent oral

anticoagulants (NOACs) are favored for the prevention of intracardiac

thrombi in the majority of patients with AF.8 However, only limited data

exist for the use of NOACs in the resolution of already existing left atrial

appendage (LAA) thrombi.9 NOACs benefit from their simpler applica-

tion compared to the use of vitamin K antagonists (VKAs) and are largely

independent on alimentation or co‐medication. Additionally, therapeutic

levels are consistent for most patients and their use is mostly restricted

by renal insufficiency. In contrast, VKAs show many interdependencies

especially with the frequently used antiarrhythmic drug amiodarone and

therapeutic levels can vary depending on alimentation. Still, the amount

of practical experience on thrombus resolution acquired over decades

may favor VKA.10,11

This study aims at comparing the efficacy of phenprocoumon and

NOACs in the resolution of LAA‐thrombi in a real‐world setting.

2 | METHODS

This analysis included all consecutive patients diagnosed with an

intracardiac thrombus from June 2013 to June 2017 in a general

cardiology clinic (SFH Münster, Germany). The intent was to compare

the resolving potential of NOACs and the VKA phenprocoumon on

thrombi of the LAA. Patients with non‐LAA thrombi (e.g., left ventricular

thrombi) were excluded. The primary endpoint was defined as the

resolution of the thrombus when patients presented again for follow‐up.

Informed consent was obtained from all individual participants included

in the study. The datasets generated and analyzed during the current

study are not publicly available, as per internal protocol, but are available

from the corresponding author on reasonable request.

Persistence of the intracardiac thrombi after 1 year was defined

as the secondary endpoint. Controls were made byTEE and follow‐up

appointments were scheduled according to hospital capacity

between 4 and 13 weeks after diagnosis. All changes in anticoagulant

therapy with date and specific substance were analyzed.

This study was performed in line with the principles of the

Declaration of Helsinki. Approval was granted by the Ethics

Committee of “Ärztekammer Westfalen‐Lippe” (Nr. 2019‐641‐f‐S).

LAA thrombi (n = 114) were diagnosed by transesophageal

echocardiography (TEE; n = 111), computer tomography (CT, n = 2),

or magnetic resonance imaging (MRI, n = 1). The vast majority of

patients presented with symptomatic AF. Some patients already

presented with cardioembolic complications and were diagnosed

with AF in the following diagnosis of a thromboembolic event.

2.1 | Statistical analysis

After collecting all data, the evaluation and statistical analysis was

made using SPSS Version 25 for Mac OS X (SPSS Inc.). All descriptive

data were specified by absolute and relative frequency and

complemented with median, arithmetic mean, and SD where neces-

sary. The χ2 test was used to test for independency. The

Kaplan–Meier estimator was used in the context of event history

analysis to identify time to resolution under therapy with different

types of anticoagulation. Log‐rank tests were used to test for

significance. In case of small size of groups Fisher's exact test was

applied.

3 | RESULTS

3.1 | Baseline characteristics and comorbidities

One hundred and sixty‐three consecutive patients were included, out

of those 114 were diagnosed with an intracardiac thrombus located

in the left atrium (n = 1) or LAA (n = 113). The remaining patients had

LV‐thrombi (n = 36) or thrombi of other locations (n = 13) and were

not taken into account.

After thrombus detection, overall baseline characteristics

between patients on phenprocoumon and NOAC did not differ

significantly (Table 1). Groups were comparable with regard to

comorbidities, with a slightly lower average CHA2DS2‐VASc Score in

the NOAC group (2.68 ± 1.1, n = 19 vs. 3.25 ± 1.8, n = 48; p = .207).

3.2 | Use of oral anticoagulants

At the time of thrombus detection, 47 patients (41.2%) were already

on oral anticoagulation (28 on phenprocoumon, 9 on Rivaroxaban, 6

on Apixaban, 3 on Edoxaban, and 1 on Dabigatran). In those not on

OAC, anticoagulation was started with phenprocoumon (n = 40) or

NOAC (n = 7 Rivaroxaban, n = 8 Apixaban, n = 1 Dabigatran) accord-

ing to the decision of the treating physician. Heparin was the OAC of

the first choice in 10 patients. All of these patients were critically ill,

four died within 2 weeks after diagnosis, four were lost to follow‐up,

and the remaining two were discontinued on anticoagulation because

of bleeding complications.

If a thrombus was detected in the presence of OAC the drugs

were continued in 25 patients (53.2%), changed to phenprocoumon

after previous NOAC therapy in 15 out of 19 (79.0%), or from
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phenprocoumon to NOAC in 6 out of 28 patients (21.4%), 3 were put

on Rivaroxaban and 3 on Apixaban. One patient was changed to

heparin after previous phenprocoumon therapy. Overall a steady

increase in the use of NOACs during the study period was noted,

starting at 6.25% in 2013 and reaching 46.2% at the end of the

inclusion period in 2018.

3.3 | AF and LAA thrombi

Most patients (91.9%) with an LAA‐thrombus had documented AF or

atrial flutter at the time of diagnosis. Persistent AF was the most

common overall as well as in the subgroups of patients on

phenprocoumon or NOAC (68.8% and 78.9%, respectively; Table 1).

Correspondingly, the majority of patients for whom all relevant data

points could be acquired (n = 99) showed varying degrees of dilatation

of the LA, only 23.2% of patients showed no dilatation according to the

American Society of Echocardiography (Table 1).12 The mean size of

LAA thrombi was 128.9mm² (±142.5) for the 38 patients for whom all

relevant data points could be acquired.

3.4 | Major adverse events

The majority of patients (88.4%) did not suffer a stroke before being

diagnosed with an intracardiac thrombus. During the course of the

TABLE 1 Characteristics of the
patient collective with LAA‐thrombi
(n = 114) in absolute numbers and
percentage including SD were needed at
the time of inclusion

Baseline characteristics

Total
group
(n = 114)

Phenprocoumon
(n = 48) NOAC (n = 19) p value

Sex male, n (%) 65 (57.0) 30 (62.5) 12 (63.2) 0.595

Age (years), mean ± SD 76.2 (12.7) 73.4 (14.0) 72.5 (8.5) 0.327

Weight (kg), mean ± SD 87.2 (23.3) 89.4 (25.1) 92.8 (24.0) 0.618

BMI (kg/m2), mean ± SD 29.4 (6.6) 30.0 (7.2) 30.5 (6.6) 0.251

Comorbidities, n (%)

Hypertension 94 (82.5) 37 (77.1) 14 (73.7) 0.760

Diabetes mellitus 26 (22.8) 13 (27.1) 5 (26.3) 0.603

Peripheral artery disease 18 (15.8) 12 (25.0) 0 0.012

Coronary heart disease 26 (22.8) 13 (27.1) 4 (21.1) 0.412

Myocardial infarction 10 (8.8) 7 (14.6) 1 (5.3) 0.272

Stroke 11 (9.6) 4 (8.3) 1 (5.3) 0.712

Renal insufficiencya 27 (23.7) 12 (25.0) 1 (5.3) 0.060

Atrial fibrillation or atrial
flutter, n (%)

0.875

No documentation of atrial
fibrillation/flutter

9 (8.0) 1 (2.1) 2 (10.5)

Paroxysmal atrial fibrillation 26 (23.2) 11 (22.9) 1 (5.3)

Persistent atrial fibrillation 67 (59.8) 33 (68.8) 15 (78.9)

Permanent atrial fibrillation 8 (7.1) 2 (4.2) 0

CHA2DS2‐VASc Score

CHA2DS2‐VASc Score,
mean ± SD, median

3.38 (1.7) 3.25 (1.8) 2.68 (1.1) 0.207

Atrial dilatation, n (%) 0.775

No dilatation 23 (23.2) 11 (23.4) 5 (29.4)

Slight dilatation 29 (29.3) 13 (27.7) 4 (23.5)

Moderate dilatation 28 (28.3) 13 (27.7) 6 (35.3)

Severe dilatation 19 (19.2) 10 (21.3) 2 (11.8)

Note: Characteristics of patients on phenprocoumon and NOAC at the time of first control. The p value
is calculated between patients on phenprocoumon and patients on NOAC.
aImpairment of kidney function was defined as GFR < 90ml/min/1.73m² body surface area.

652 | BILLER ET AL.



study, 5.3% (n = 6; 4 on VKA, none on NOAK) of patients suffered

from a stroke and 1.8% (n = 2; both on VKA) from a TIA. In the group

of patients who had a previous stroke (n = 11), two patients (18.2%;

both onVKA) suffered from a recurrent stroke and one patient from a

recurrent TIA after the diagnosis of intracardiac thrombi was

established.

3.5 | Time of control and resolution of thrombi

Out of the 114 LAA‐thrombi, 67 (62.3%) patients were controlled at

least once and 47 patients were lost to follow‐up for several reasons,

for example, death (n = 7), referral to a secondary hospital (n = 4),

different follow‐up modality (e.g., CT/MRI instead of TEE; n = 2). Yet,

the majority of patients did not present again within 1 year for their

scheduled follow‐up TEE (n = 34).

The average time to first control TEE was 58 ± 42.2 (median 48)

days or 8 weeks. Disregarding the type of oral anticoagulation

administered the LAA‐thrombi were dissolved in 74.6% of cases at

the time of first control. Out of the 67 patients, 48 were treated with

phenprocoumon. In this group 77.1% of LAA‐thrombi were dissolved,

and the average time to first control was 63 days (±48.1) or 9 weeks.

The INR was considered effective in 69% of patients at this isolated

point in time. The remaining 19 patients were treated with NOACs

and showed a resolution rate of 73.7%. The control took place after

an average time of 48 days (±18.3). There was no significant

difference in the resolution of LAA thrombi at the point of first

control depending on the type of anticoagulation therapy (p = .499).

Almost all patients (15 out of 16) who had no resolution of their LAA‐

thrombus at the time of first control were re‐evaluated in a second

control. At this time six additional LAA‐thrombi were dissolved.

3.6 | Time to resolution

Out of the 67 patients who were controlled at least once, 56 showed

the resolution of the thrombus within 1 year. Irrespective of the type

of oral anticoagulation the average time to resolution was 77.8

(SD ± 7.4) days, the median was 53.5 days. A resolution rate of two‐

thirds of thrombi was reached after 71 days (Figure 1), correspond-

ingly a control rate of more than 80% was reached after 10 weeks

(Table 2). Additionally, one patient was first controlled after 211 days

and one after 245 days. Both thrombi were dissolved.

3.7 | Resolution of LAA‐thrombi in dependence of
the type of oral anticoagulation

Both groups did not differ in their time to first control with an

average of 63 and 48 days (p = .224) in the phenprocoumon and

NOAC groups, respectively. The average time to resolution was

79.4 ± 8.6 days using VKA. In the presence of NOACs the average

time was 59.7 ± 12.6 days. There is no significant difference in

resolution time depending on the administered type of anticoagula-

tion (p = .201) (Figure 2). The resolution of LAA‐thrombi depending

on the type of oral anticoagulation is demonstrated in Table 3.

Comparable percentages of controlled patients were seen, for

example, after 8 weeks control rates were 82.1% and 81.3% in the

phenprocoumon and NOAC group, respectively.

After 4 and 6 weeks, resolution rates were overall low, but

slighter higher in the NOAC group. With regard to the control after

F IGURE 1 Overall time‐dependent resolution of LAA thrombi.
The x axis shows the duration in days and the y axis the proportion of
persisting thrombi. The value of 2/3 resolution of initially diagnosed
thrombi is reached after 71 days

TABLE 2 Control rates and resolution
of thrombi regardless of the type of oral
anticoagulation

Number of controlled patients Number of dissolved thrombi

After 4 weeks 6/56 (10.7%) 4/56 (7.1%)

After 6 weeks 20/56 (35.7%) 14/56 (25.0%)

After 8 weeks 41/56 (73.2%) 30/56 (53.6%)

After 10 weeks 46/56 (82.1%) 36/56 (64.3%)

After 12 weeks 50/56 (89.3%) 41/56 (73.2%)

Note: Cutoffs were chosen to match realistic time frames for clinical controls. Displayed are the
number of controlled patients and the number of dissolved thrombi after 4, 6, 8, 10, and 12 weeks.
After 10 weeks 82.1% of patients were controlled, corresponding to 64.3% of total thrombi dissolved.
Conversely out of the 46 patients controlled, 78.3% of their thrombi were dissolved. As expected, the

percentage of thrombi dissolved increases with the longer time intervals.
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10 weeks when overall 2/3 of thrombi was dissolved, there was a

resolution rate in the VKA group of 63.4%. In the group of patients

treated with NOAC, there was a resolution rate of 73.4%. After

12 weeks 90% of all patients were controlled at least once;

resolutions rates were 93% in the NOAC group and 68% in the

VKA group. Until the point of 10 weeks there was no significant

difference in the time to resolution of LAA thrombi comparing

NOACs and VKA but there is a clear trend towards faster resolution

in the NOAC therapy group. However, after 12 weeks of treatment

with either NOAC or VKA the thrombi had more often resolved in the

presence of NAOC as compared to phenprocoumon.

4 | DISCUSSION

Intracardiac thrombi are a potentially life‐threatening condition

because of their risk of embolization. NOACs already have a

significant value in the prevention of thromboembolic events in

patients with AF. In this setting NOACs are the preferred treatment

over the use of VKA.8 The major advantage for the group of NOACs

is their overall better safety profile. Additional benefits include simple

application with consistent and conceivable therapeutic levels for a

wide range of patients with strict regulations for dose reduction and

without the need for measurement of therapeutic blood levels.

Moreover, NOACs profit from overall less drug interactions and their

effect does not depend on alimentation.10,11

The present study analyzed 114 patients with an LAA‐thrombus,

primarily treated with NOAC or phenprocoumon. Overall, 64.4% of

patients were controlled at least once. The average time to first

control was 58 days or approximately 8 weeks. The therapeutic

adherence of the collective in this study was as low as in comparable

observational studies like CLOT‐AF.13 As the average time to

resolution was 112 days in CLOT‐AF when administering a NOAC,

in our study resolution was observed after approximately 60 days in

patients with NOAC therapy. The difference may be explained by a

smaller sample size in CLOT‐AF and later time to first control. In

CLOT‐AF 14 of 15 patients showed resolution of the thrombus at the

time of first control; one thrombus was not resolved in the run of the

study.

In the NOAC group in our study 73.7% of thrombi were

dissolved at the time of first control. This indicates that the first

control probably took place later in CLOT‐AF compared to our

study.13

Comparing the results of the X‐TRA trial with our data it can be

noted that after 6 weeks there was a very similar resolution rate of

40% across the NOAC group as a whole. It may overall be possible

that the time to first control was too short to fully investigate the

dissolving potential of Rivaroxaban9 resulting in a resolution rate of

41.5% in X‐TRA.

Comparing the dissolving potential of NOACs with the potential

of VKA reported from other studies the effectiveness of the NOACs

seems to be at least as good as that of VKA. Only very limited data

exist that investigates the potential of VKA in thrombus resolution. In

a TEE study from Jaber et al. the resolution rate in patients, who

mostly received VKA (or heparin) with a mean INR of 2.2, after

diagnosis of left atrial thrombus was 80.1% after 47 ± 18 days. One

may speculate that the INR levels were better controlled than in a

F IGURE 2 Resolution of LAA‐thrombi depending on the type of
oral anticoagulation. The x axis shows the time in days and the y axis
the proportion of persisting thrombi. Dark gray shows the curve
when phenprocoumon was administered, black shows patients on
NOACs. A resolution rate of 2/3 of thrombi is reached earlier in
patients on NOACs than in patients on phenprocoumon. These data
respect all changes in the anticoagulation regime, and the number of
days while switching to anticoagulation was also accounted for

TABLE 3 Control rates and resolution rates under NOAC and phenprocoumon therapy

Number of controlled thrombi Resolution using NOAC Resolution using phenprocoumon p value

After 4 weeks 6/56 (10.7%) 2/15 (13.3%) 2/41 (4.9%) 0.234

After 6 weeks 20/56 (35.7%) 6/15 (40%) 10/41 (24.4%) 0.135

After 8 weeks 41/56 (73.2%) 11/15 (73.3%) 20/41 (48.8%) 0.066

After 10 weeks 46/56 (82.1%) 11/15 (73.3%) 26/41 (63.4%) 0.204

After 12 weeks 50/56 (89.3%) 14/15(93.3%) 28/41 (68.3%) 0.046

Note: Cutoffs were chosen to match realistic time frames for clinical controls. Displayed are the number of controlled patients and the number of
dissolved thrombi after 4, 6, 8, 10, and 12 weeks. Patients in both groups did not differ significantly in time to control (χ2 = 0.367, Spearman correlation
coefficient r = .634). Controls performed after 4, 6, 8, and 10 weeks did not differ significantly in thrombus resolution rate in the two groups, after

12 weeks a significantly higher resolution rate was found when administering NOACs.
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real‐world setting.14 However, similar results were demonstrated in a

study by Collins et al.15 in which the resolution rate of patients

treated with VKA was 89% after 4 weeks with 18 patients included.

At the time of diagnosis about half of the patients already

received therapeutic anticoagulation. Phenprocoumon was used

more frequently and patients on VKAs were more likely to be

continued on VKA after diagnosis of a thrombus. This fact most likely

reflects the remaining uncertainness in the use of NOACs and the

confidence in VKA therapy with a measurable therapeutic effect

(INR) in the context of cardiac thrombus formation. In the run of the

study, an increasing use of NOACs was observed as current AF

guidelines prefer the use of NOACs.

After 10 weeks nearly 2/3 of LAA thrombi were dissolved. This

point seems to be the best time for a first control regarding the

number of tested patients and dissolved thrombi. However,

comparatively low rates of resolution were found after 6 weeks, a

time when one‐third of the patients had already received the first

control. Scheduling the first control after 6 weeks seems a practical

approach for daily clinical routine, while resolution numbers indicate

this to be rather suboptimal. With regard to the resolution rates in

dependence of the type of oral anticoagulation there was a trend

towards earlier resolution of LAA thrombi in patients with NOAC

therapy. This trend accumulated in a significant difference after 12

weeks with a benefit for NOACs (93.3% vs. 70.7%; p = .046). This

benefit of faster resolution when using NOACs may be caused by

consistent drug levels with easy dosing and precise rules for dose

reduction though a selection bias in patients cannot be excluded. In

addition, phenprocoumon and related substances only inhibit the

synthesis of vitamin‐K‐depending coagulation factors, while Apix-

aban not only inactivates Factor Xa in plasma but also inactivates

Factor Xa when already bound to thrombi.16 The clinical conse-

quence of a potentially faster resolution when using NOACs is first

and foremost reflected in the possibility for earlier controls of LAA‐

thrombi making an earlier antiarrhythmic strategy for AF possible.

When deciding on the type of oral anticoagulation it should also

be taken into account that the number of thromboembolic

complications may be reduced by faster resolution of the thrombus.

5 | CONCLUSION

In this large observational study the overall efficacy of thrombus

resolution did not differ significantly betweenVKA and NOACs at the

point of first TEE control. Regardless of the type of anticoagulation,

76.1% of thrombi were dissolved at first control. The cutoff value of

two‐thirds of thrombi dissolved was reached faster when adminis-

tering a NOAC. We found an overall favorable relation between

number of controlled patients and number of dissolved thrombi after

10 weeks independent on the oral anticoagulation used. It would

therefore be advisable to schedule follow‐up appointments at this

time. Overall there was no difference in resolution of LAA‐thrombi

when comparing NOACs and phenprocoumon in a real‐life setting.

Further studies are needed to prove the role of NOACs and to

differentiate between the resolving potential of thrombin‐ and Factor

Xa inhibition as well as for each NOAC individually.
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