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Atrial thrombosis: Not only left, think also about right!
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1 | INTRODUCTION

Atrial fibrillation (AF) is a common disease, with a prevalence of 2% to
4% in the entire population, which increases in the elderly, reaching a
prevalence of 13% in the over 80 years old.!

The most frightening complication of AF is systemic thromboem-
bolism, causing 20%-30% of all ischemic strokes and 10% of crypto-
genic strokes.?

Left atrial appendage (LAA) thrombi are the main source of

embolization, whereas pulmonary thromboembolism from a right

Abbreviations: 3D, three-dimensional; AF, atrial fibrillation; CMR, cardiac magnetic
resonance; CT, computed tomography; DOACs, direct oral anticoagulants; EGE, early
gadolinium enhancement; INR, international normalized ratio; LA, left atrium; LAA, left atrial
appendage; LGE, late gadolinium enhancement; MDCT, multidetector computed
tomography; PFO, patent foramen ovale; RA, right atrium; RAA, right atrial appendage; SEC,
spontaneous echocontrast; SSFP, steady state free precession; STIR, short-Tl inversion
recovery; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
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Atrial fibrillation (AF) is the most common arrhythmia in the general population.
Systemic thromboembolism from left atrial appendage (LAA) thrombosis is a well-
known complication of AF, whereas thromboembolic complications from a right
atrial (RA) thrombus are infrequent. Nevertheless, the prevalence of RA thrombosis
is debated; despite having a low prevalence in echocardiographic studies, the
higher prevalence found in autoptic studies rises the hypothesis of an under detec-
tion of RA clots, possibly related to the limited evaluation of right atrial appendage
(RAA) with non-invasive imaging. Here we present a review of the current litera-

ture about RA thrombosis, regarding its diagnosis, differentials, and best treatment

atrial fibrillation, echocardiography, non-invasive imaging, right atrial appendage, right atrial

atrial (RA) thrombus is considered as a rare complication of
AF. However, their exact prevalence has not been established yet,
as much as their potential risk of embolization in the pulmonary
artery or in the systemic circulation through a patent foramen
ovale (PFO). Moreover, while transesophageal echocardiography
(TEE) is the gold-standard for routine screening of LA and LAA, RA
thrombotic mass detection may be more challenging, secondary to
the limited visualization of the right atrial appendage (RAA). When
facing a RA mass, differential diagnosis between a thrombus and
other intracardiac masses, most frequently atrial myxomas, needs
to be made. Multidetector computed tomography (MDCT) and
tissue-characterization by cardiac magnetic resonance (CMR) may
be powerful tools to give additional information for reaching the
diagnosis and for choosing the appropriate therapeutic strategy.
Treatment options may include anticoagulation, thrombolysis, or
surgical embolectomy: there is no evidence supporting the superi-
ority of one above the others, so that therapeutic strategy should
be decided case-by-case.
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2 | PREVALENCE OF RIGHT ATRIAL
THROMBOSIS

Atrial thrombosis is the most common complication of AF, reaching
up a prevalence of 13% of cases in the Assessment of Cardioversion
Using Transesophageal Echocardiography (ACUTE) trial, with 88.2%
of thrombi being localized in the LAA and 11.8% of thrombi belonging
to the RA/RAA.®

Thus, RA thrombus detection is considered as a rare finding,
which may be responsible for severe thromboembolic complications,
such as pulmonary thromboembolism and paradoxical systemic embo-
lism trough a PFO. A RA/RAA thrombus in the context of pulmonary
embolism was found in less than 4% of cases,*® rising to 18% in inten-
sive care setting,® while only case series describe paradoxical embo-
lism from a RA clot.”

The exact prevalence of RA thrombosis in the context of AF is still
under debate, as it varies basing on the different series or on the dif-
ferent detection modalities. Concerning TEE studies, a review of the
images of 508 patients, obtained from the ACUTE trial, found sponta-
neous echocontrast (SEC) or RA thrombi in 79 patients (14%), divided
into 68 patients with SEC and 5 patients with RA thrombus.®? A
higher prevalence of right atrial SEC (57% and 51% respectively) and
RA thrombi (7% for both) was found by de Divitiis et al.® and by Bilge
et al.® in patients with AF.

On the other side, a Swedish population-based study on
23 796 autopsies found that RA thrombosis was as common as
LA one, with a prevalence of 3.1% for each chamber.’ Moreover,
RA thrombosis was doubled in patients with pulmonary embolism,
highlighting its causal role in the genesis of thromboembolic
events. The higher prevalence of RA intracardiac thrombi in the
autoptic series rises the hypothesis of an under detection of RA
clots in clinical practice, which may be related to the limited visu-
alization of RAA with transthoracic echocardiography (TTE)
and TEE.

Considering all the different studies, prevalence of RA thrombus
varies from 0.4% to 7.5%.511

3 | ANATOMICAL DIFFERENCE BETWEEN
LEFT AND RIGHT ATRIUM

It is still unknown why RA and RAA are usually spared from thrombo-
sis in comparison to LA, even though both atria are fibrillating. It has
been hypothesized an anatomical difference between the two atria as
a cause of clot formation in the left chamber. A TEE study showed
larger RAA neck widths and smaller RA areas in comparison to LAA
and LA ones, which may avoid blood stasis and subsequent clot for-
mation’?; moreover, in patients with AF, RAA did not show any struc-
tural remodeling. Since an increase in LAA size has already been
associated to an increased risk of LAA thrombus in patients with AF,18
the absence of RAA enlargement may explain the lower incidence of
RA thrombi.

4 | ECHOCARDIOGRAPHIC EVALUATION
OF RIGHT ATRIAL THROMBOSIS

TTE may be a first line approach, allowing detection of large size
thrombi, which may address clinical suspect (i.e., presence of a RA
mass in a patient presenting with dyspnea may suggest a diagnosis
of pulmonary embolism). An example of a large RA thrombus
detected by TTE is shown in Figure 1. However, a complete exami-
nation of the whole RA is usually not possible with TTE, and RAA is
not detectable in almost all patients. Moreover, because of the lim-
ited accuracy of the technique, information about size, composition,
and mobility of the mass may be limited. Considering all cardiac
chambers, TTE has a sensitivity of 55%-93% for detection of intra-
cardiac masses,** which we may suppose to decrease when consid-
ering only the RA chamber.

TEE represents the gold standard modality to exclude LA throm-
bosis before cardioversion of AF. As it is consistent for left chamber
evaluation, it may provide an evaluation of RA anatomy and it may
detect RA/RAA clots. Three types of RA thrombi have been
described.'® The first type, referred as type A, is a thing and long
mobile clot, defined as “worm-like”, lodged in the RA chamber: they
are usually associated with deep vein thrombosis, as they represent
clot-in-transit from the venous circulation into the pulmonary arteries.
The second type, referred as type B, is a more rounded clot, although
morphology may be highly variable, attached to the atrial walls, with
no or little mobility: it forms directly inside the RA, and it is associated
to cardiac predisposing factors, such as AF, RA enlargement, correc-
tion of interatrial septal defects and others. Figure 2 shows an exam-
ple of a type B thrombus, whom precise location and characterization
was provided by TEE. The third type is a non-A non-B thrombus, iden-
tified as type C, typically resembling a myxoma.'®
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FIGURE 1 Transthoracic echocardiography (TTE) shows an
echolucent structure attached to the right atrial (RA) walls, suggestive
for a RA thrombus. The arrow indicates the mass. Courtesy of our
center
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In the context of AF, other than clots detection, standard TEE
allows measurement of RA area and description of RAA morphology,
with precise definition of the number of lobes, the neck width, the
flow velocities, and the presence of spontaneous echocontrast (SEC).
SEC is considered as the first step alteration before thrombus
formation,® so that RAA thrombi are usually found in association with
right atrial SEC, and isolated RA clot in absence of SEC is a rare
finding.'”

Consequently, we would recommend to routinely perform a stan-
dard TEE examination before cardioversion with a comprehensive RA
assessment, whereas in clinical practice focus is given on the LA/LAA,
and RA it is usually overlooked.

Three-dimensional (3D) TEE provides incremental information
regarding location, size, and mobility of a RA mass: it allows visualiza-
tion from multiple angles, giving a comprehensive idea of the anatomy
of the clot. By cropping at different levels, it allows visualization of
the internal part of a mass, providing additional information about its
composition (i.e. an echolucent part inside the mass may indicate the
presence of lysis which may suggest presence of a thrombus), which
may be useful in the differential diagnosis with a tumoral mass.'® An
example of the utility of 3D TEE is given in Figure 3.

Nonetheless, RAA screening with TEE may be limited by the non-
visualization of RAA, with a prevalence ranging from 1.3% to 16% in

different series.>”*?
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FIGURE 2
appendage (RAA). Courtesy of our center
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Bicaval view from a transesophageal echocardiography (TEE) shows presence of a multilobated mass attached to right atrial
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FIGURE 3 Three-dimensional
transesophageal echocardiography allows
reconstruction of a mass, in order to
better define its location, size and
mobility. By cutting at different planes, it
may visualize the internal composition of
the mass. Courtesy of our center
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is the preferred methodic for RA/RAA
thrombi detection, with a sensitivity varying from 0.92 to 1.00 and

Summarizing, TEE

a specificity varying from 0.98 to 1.00.2° In the authors'view it
should be performed before cardioversion to rule out a RA/RAA

thrombus. In the context of pulmonary embolism, a large RA

FIGURE 4 Chest computed tomography (CT) pulmonary
angiography showing a dilated right atrium (RA) with a large
hypointense mass inside. The patient was hospitalized with the
diagnosis of acute pulmonary embolism from a RA thrombus in the
context of atrial fibrillation (AF). The arrow indicates the mass.
Courtesy of our center

thrombus or a thrombus straddling the PFO are usually seen rou-
tinely with TTE; however, we suggest considering TEE when the
TTE window is poor and no deep vein thrombosis is detected, to
look for a RAA thrombus secondary to AF or a clot-in-transit from

a undetected vein thrombosis.

5 | ALTERNATIVE NON-INVASIVE
INVESTIGATIONS

Other noninvasive modalities may be considered when TEE is not
practicable or is unconclusive, such as multidetector computed
tomography (MDCT) or cardiac magnetic resonance (CMR). These
imaging modalities have only been studied for LAA evaluation: MDCT
may permit successful identification of left atrial SEC and LAA
thrombi, with a negative predictive value of 100% for LA thrombi
exclusion, and a positive predictive value varying from 41% to
92%.2122 Figure 4 shows an RA thrombus with concomitant pulmo-
nary embolism detected by MDCT.

CMR evaluates LAA size, anatomy, and function: it may detect
thrombi as well as it may detect atrial wall fibrosis, which has been
demonstrated to increase the risk or LAA thrombi formation.?® An
example of the CMR visualization of a RA thrombus is provide in
Figure 5.

There are no formal recommendations regarding the use of these
imaging modalities for RA/RAA thrombi detection. Basing on our
experience, we summarized in Table 1 a list of advantages and disad-

vantages of each technique. We hypothesize that they may integrate

TABLE 1 Advantages and disadvantages of different imaging techniques for RA thrombi detection
Imaging Advantages Disadvantages
TTE Non-invasive Limited sensitivity
High availability RAA not ordinarily seen
Low-cost
TEE Gold standard for RAA evaluation: describes anatomy Invasive

and characteristics of the RAA
Allows precise location of the mass

Evaluation of RA flow and RAA emptying velocities

3D echocardiography

RAA
MDCT Non-invasive
May contemporarily detect pulmonary embolism*
CMR Non-invasive

Tissue characterization with different sequences

(T1W, T2W, LGE) may help in differential diagnosis

Multiplane view of the mass and the anatomy of the

RAA may not be seen in 1.3%-16% of patients

May cause gastrointestinal bleeding

Patient's discomfort

Contraindicated in case of esophageal pathologies or patient
intolerance

Requires expertise

May cause contrast kidney damage
Radiation exposure
Limited evaluation in case of high heart rate

High cost

Limited availability

Risk of nephrogenic systemic fibrosis

Artifacts depending on slow flow in the RAA

Lower temporal and spatial resolution compared to TEE

Abbreviations: CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement; MDCT, multidetector computed tomography; RA, right atrial; RAA,
right atrial appendage; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
*Detection of pulmonary embolism with MDCT need confirmation with both angio and venous studies.
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TEE evaluation, especially when visualization of RAA is limited or

when TEE is contraindicated or poorly tolerated. A flowchart of the

authors' proposed evaluation for RA thrombi is provide in Figure 6.

FIGURE 5 Cardiac magnetic resonance (CMR) showing a dilated
right atrium (RA) with inside an irregular and mobile formation,
attached to the lateral wall and partially protruding into the right atrial
appendage (RAA). The mass was hyperintense in T1- weighted and in
short-Tl inversion recovery (STIR) sequences, hypointense
inT2-weighted and in early gadolinium enhancement (EGE); in late
gadolinium enhancement (LGE) sequences it appeared hyperintense
with a thin hypointense border. The arrow indicates the mass.
Courtesy of our center

6 | DIFFERENTIAL DIAGNOSIS WITH
OTHER INTRACARDIAC MASSES

A RA thrombus initially presents as a RA mass, which needs to be dif-
ferentiated by other physiological findings or by malignant or benign
intracardiac masses. A list of differential diagnosis to be considered
when a RA mass is found is presented in Table 2.2

A RA myxoma should be excluded. As it happens for thrombosis,
RA myxomas are less frequent than their LA counterparts, accounting
for 15-20% of all myxomas.25 Preoperatively differentiating between
an intracardiac myxoma and a thrombus may be challenging.

On echocardiography, thrombi are usually localized in the RAA,
and they are accompanied by SEC. An acute thrombus is rounded and
has smooth contours, while a chronic thrombus appear as a crescent
mass along the endocardial borders with linear contours. RA myxomas
usually localize at the level of the posterior wall, with either a sessile
or pedunculated attachment, the latter being often mobile. Their con-
tours are most commonly lobulated, and less frequently smooth or
irregular. Their surface may be covered by thrombus, complicating its
diagnosis. With perfusion echocardiography, a thrombus will appear
as not enhanced, while a myxoma will be hypoenhanced; malignancies
will be hyperhenanced masses.2?

At the CMR imaging, the appearance of a thrombus depends on
its age. Acute thrombi will be hyperintense in T1 and T2 weighted
images, while chronic thrombi will be hypointense in both T1 and
T2.27 An atrial myxoma usually present as isointense in T1, hyperin-
tense in T2 and with a blackberry appearance at the steady state free

precession (SSFP) images; they show post-contrast enhancement

Atrial fibrillation with planned cardioversion
Pulmonary embolism without any detected deep vein thrombosis

Any contraindication to TEE?

no mass in the
RA/RAA

RAA not visualized

No further
investigation

Multimodality imaging with MDCT
or CMR basing on mass
characteristic and clinical scenario

FIGURE 6 Authors'proposed flowchart for the diagnosis and evaluation of right atrial thrombosis
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TABLE 2 Differential diagnosis of RA thrombosis

Differential diagnosis of RA thrombus

Findings
Physiological Crista terminalis

Chiari network

Lipomatous hypertrophy of the interatrial septum
Trabeculation of the RA appendage

latrogenic Atrial suture line after surgery
Pacemaker leads

Swan-Ganz catheter, central venous line
Pathological Myxoma

Melanoma

Adrenocortical carcinoma
Lymphoma

Thyroid carcinoma*
Inflammatory pseudo tumor*
Rhabdomyoma**
Hypernephroma™*
Hepatoma**

Hokok

Fibroelastoma

Abbreviation: RA, right atrial.

*May be seen at the level of the right atrium/superior vena cava.
**May be seen at the level of the right atrium/inferior vena cava.
***May be seen at the level of the tricuspid valve.

weaker than the surrounding myocardium. However, it may also have
a “thrombus-like” presentation or a “pseudocystic” presentation.?®

At the MDCT, thrombi are low attenuation, non-enhancing
lesions,?? while myxomas appear homogeneous and isodense, with
absent or weak contrast perfusion.®

The behavior of the mass may also provide incremental informa-
tion about its nature, so that an increase in size may suggest a growing
myxoma. However, myxomas'growth rate is highly variable among
individuals, so that stability of the mass should not be used as a crite-

rion to exclude the diagnosis of a cardiac myxoma.*°

7 | TREATMENT OF RIGHT ATRIAL
THROMBOSIS

Therapeutic options for RA thrombosis include anticoagulation,
thrombolysis or surgery. Figure 7 shows an example of an atomical
piece of a RA clot obtained from surgical thrombectomy. To authors'-
knowledge, no randomized clinical trial has been performed to evalu-
ate the effect of the different strategies, and only retrospective
studies and clinical cases are available.

Evidence from retrospective studies is conflicting. In the multi-
center European Cooperative Study, the thrombus-related short-term
mortality was higher for patients treated with anticoagulation (67%) in

comparison to thrombolysis (40%) or surgical thrombectomy (27%)*>;

FIGURE 7 Anatomical piece from surgical thrombectomy of a
right atrial appendage (RAA) thrombus resistant to anticoagulation.
Courtesy of our center

however, these results refer to type A thrombi, probably clot-in-tran-
sit, while prognosis for type B thrombi, which are the ones usually
forming in the case of AF, was benign irrespective of the type of treat-
ment. The more recent retrospective study by Barrios et al. regarding
RA thrombosis in the context of pulmonary embolism, showed no dif-
ference in mortality and in major bleeding complications between a
reperfusion strategy plus anticoagulation versus anticoagulation alone,
with a higher rate of venous thromboembolism recurrence for
patients who received reperfusion plus anticoagulation (6.2% for
reperfusion plus anticoagulation vs. 0% for anticoagulation alone).*!
The International Cooperative Pulmonary Embolism Registry
(ICOPER) group showed similar mortality for pulmonary embolism
associated with RA thrombus, regardless of the treatment provided
(either heparin, thrombolysis or surgical embolectomy).”

Because of the lack of evidence, the 2019 ESC (European Society
of Cardiology) guidelines on pulmonary embolism do not recommend
any specific strategy in the context of acute pulmonary embolism
from a RA thrombosis,®? so that treatment should be decided case-
by-case basing on pulmonary embolism risk and hemodynamic
conditions.

Concerning TEE studies before cardioversion for AF, if a RA clot
is found, cardioversion should be delayed and performed after
documented resolution of thrombosis.? In the authors' view, it may be
reasonable to initiate anticoagulation with heparin or warfarin, with a
therapeutic INR of 2 to 3. No data regarding the use of DOACs is

available.

8 | CONCLUSION
In conclusion, despite RA/RAA thrombi being considered a rare find-
ing in AF, they may potentially lead to severe complications from

thromboembolic events. However, evaluation with TEE in patients
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with AF is often focused to the LA, possibly causing an under detec-
tion of RA thrombi, which may result into the development of pulmo-
nary embolism.

TEE is the gold-standard technique to detect thrombotic atrial
masses in the left chambers, whereas RA thrombotic mass detection
could be more challenging. In our view, accurate screening for RA
thrombi should be performed before cardioversion and when pulmo-
nary embolism occurs during AF and without any detected deep vein
thrombosis. Other cardiac masses are rarely present in the RA chamber,
and they may be mistaken for a thrombus: differential diagnosis
becomes crucial, as their treatments are completely different. Echocar-
diography may provide information about the nature and the mobility
of the mass; MDCT and tissue-characterization by CMR are powerful
tools that give relevant additional information to correctly classify the
mass. No large evidence regarding appropriate therapeutic strategy for
RA thrombosis is available, and more data about when to choose antic-

oagulation instead of thrombolysis or surgery needs to be collected.
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