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Known upper extremity arterial occlusion. Suspected embolic etiology. Next imaging study to

Procedure Appropriateness Category Relative Radiation Level
US echocardiography transesophageal Usually Appropriate O
US echocardiography transthoracic resting Usually Appropriate @)
MRA chest without and with IV contrast Usually Appropriate @)
MRI heart function and morphology without .
and with IV contrast el AT i o
MRI heart function and morphology without .
IV contrast Usually Appropriate O
CTA chest with IV contrast Usually Appropriate
CT heart function and morphology with IV Wl Agpropiae 2P0
contrast
MRA chest without IV contrast May Be Appropriate O
US duplex Doppler abdomen Usually Not Appropriate @)
Aortography chest Usually Not Appropriate
Variant 2: Known arterial occlusion in the mesenteric or renal arterial system or renal infarcts.
Suspected embolic etiology. Next imaging study to determine source.
Procedure Appropriateness Category Relative Radiation Level
US echocardiography transesophageal Usually Appropriate @)
US echocardiography transthoracic resting Usually Appropriate 0
MRA chest and abdomen without and with IV Uil Appropiic 0
contrast
MRI heart function and morphology without .
and with IV contrast el AT i o
MRI heart function and morphology without .
IV contrast Usually Appropriate O
CTA chest with IV contrast Usually Appropriate
CT heart function and morphology with IV sl Avgpite 2P0
contrast
CTA chest and abdomen with IV contrast Usually Appropriate
US duplex Doppler abdomen May Be Appropriate @)
MRA chest and abdomen without IV contrast May Be Appropriate O
MRA chest without and with IV contrast May Be Appropriate O
MRA chest without IV contrast May Be Appropriate O
Aortography chest and abdomen Usually Not Appropriate SO
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Variant 3: Known lower extremity arterial occlusion. Suspected embolic etiology. Next imaging study to
determine source.

Procedure Appropriateness Category Relative Radiation Level
US echocardiography transesophageal Usually Appropriate 0O
US echocardiography transthoracic resting Usually Appropriate

MRA chest abdomen pelvis without and with
IV contrast

O

Usually Appropriate O

MRA chest without and with IV contrast Usually Appropriate 0O
@)

@)

MRI heart function and morphology without
and with IV contrast

MRI heart function and morphology without
IV contrast

Usually Appropriate

Usually Appropriate

CTA chest with IV contrast Usually Appropriate DO
CT heart function and morphology with IV Wil Appppmsbic 2208
contrast
CTA chest abdomen pelvis with IV contrast Usually Appropriate SO0
MRA chest abdomen pelvis without IV Mo B A 0
contrast
MRA chest without IV contrast May Be Appropriate 0O
US duplex Doppler abdomen Usually Not Appropriate O
Aortography chest abdomen pelvis Usually Not Appropriate S0
Variant 4: Known multiorgan system arterial occlusions. Suspected embolic etiology. Next imaging study
to determine source.
Procedure Appropriateness Category Relative Radiation Level
US echocardiography transesophageal Usually Appropriate @)
US echocardiography transthoracic resting Usually Appropriate @)
MRA chest abdomen pelvis without and with .
IV contrast Usually Appropriate O
MRA chest abdomen pelvis without IV Uil Ayarapine 0
contrast
MRA chest without and with IV contrast Usually Appropriate @)
MRI heart function and morphology without .
and with IV contrast Uiy Ayppesp a2 O
MRI heart function and morphology without .
IV contrast Usually Appropriate @)
CTA chest with IV contrast Usually Appropriate eI L)
CT heart function and morphology with IV Wil Appppmsbic 2208
contrast
CTA chest abdomen pelvis with IV contrast Usually Appropriate SO0
US duplex Doppler abdomen May Be Appropriate 0O
MRA chest without IV contrast May Be Appropriate @)
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Summary of Literature Review
Introduction/Background

Noncerebral systemic arterial embolism is an important cause of patient morbidity and mortality [1]. Arterial emboli
can originate from a variety of cardiac and noncardiac sources. Cardiac sources include thrombus within the left
atrium and left ventricle, valvular disease such as endocarditis, and cardiac neoplasms. Noncardiac sources of
arterial embolism include thrombus and atherosclerosis within the aorta and peripheral arteries.

Intracardiac thrombus has been thoroughly described in the cardiology and neurology literature with several factors
that predispose its formation and the potential for arterial embolization. For example, atrial fibrillation has been
shown to be a significant risk factor for atrial thrombogenesis [2,3]. Complex left atrial appendage morphology also
confers increased likelihood of thrombus development [4]. Myocardial infarction often results in focal hypokinesis
or akinesis of the left ventricular myocardium, which predisposes to thrombus formation [5,6]. Aortic and mitral
valve endocarditis as well as valvular neoplasms are other potential sources for arterial embolism detectable with
imaging [7,8]. Aortic thrombi tend to be associated with aortic pathology including dissection, aneurysm, or
ulcerative lesions [9,10]. Thrombus formation can also occur in the aorta secondary to hypercoagulable states such
as malignancy, trauma, postoperative states, hormonal therapy, and inherited hypercoagulable disorders [1,11,12].

When a cardiac or noncardiac embolic source dislodges, the resulting embolus can occlude a variety of peripheral
and visceral arteries causing ischemia [1,9,11,12]. Characteristic locations for noncerebral arterial occlusion include
the upper extremities, abdominal viscera, and lower extremities [1,9,11]. Ischemia in these regions can progress to
tissue infarction resulting in limb amputation, bowel resection, or nephrectomy. Determining the source of arterial
embolism is essential in order to direct treatment decisions. Treatment options vary and include anti-coagulation,
endovascular or surgical embolectomy, and peripheral arterial angioplasty with or without stenting to maintain long-
term vascular patency [1,9,11-14].

The variants in this document assume that the diagnosis of an arterial occlusion has already been established by
other means. For example, in the setting of an acute onset cold painful leg, the use of lower extremity arteriography,
CT angiography (CTA), or MR angiography (MRA) could be employed to demonstrate arterial occlusion. This
document specifically pertains to the workup of a suspected embolic etiology of the already known arterial
occlusion.

Special Imaging Considerations

For the purposes of distinguishing between CT and CT angiography (CTA), ACR Appropriateness Criteria topics
use the definition in the ACR-NASCI-SIR-SPR Practice Parameter for the Performance and Interpretation of Body
Computed Tomography Angiography (CTA) [15]:
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“CTA uses a thin-section CT acquisition that is timed to coincide with peak arterial or venous
enhancement. The resultant volumetric dataset is interpreted using primary transverse
reconstructions as well as multiplanar reformations and 3-D renderings.”

All elements are essential: 1) timing, 2) reconstructions/reformats, and 3) 3-D renderings. Standard CTs with
contrast also include timing issues and reconstructions/reformats. Only in CTA, however, is 3-D rendering a
required element. This corresponds to the definitions that the CMS has applied to the Current Procedural
Terminology codes.

Initial Imaging Definition

Initial imaging is defined as imaging at the beginning of the care episode for the medical condition defined by the
variant. More than one procedure can be considered usually appropriate in the initial imaging evaluation when:

e There are procedures that are equivalent alternatives (ie, only one procedure will be ordered to
provide the clinical information to effectively manage the patient’s care)

OR

e There are complementary procedures (ie, more than one procedure is ordered as a set or
simultaneously where each procedure provides unique clinical information to effectively manage
the patient’s care).

Discussion of Procedures by Variant

Variant 1: Known upper extremity arterial occlusion. Suspected embolic etiology. Next imaging study to
determine source.

The variant assumes that an upper extremity arterial occlusion has already been established. Typically, this
diagnosis is made by CTA, arteriography, or MRA, although the clinical examination or another imaging study
could also be used.

Aortography Chest

Conventional catheter aortography has largely been replaced by noninvasive imaging modalities such as CTA and
MRA given their high sensitivity/specificity for detecting aortic pathologies such as mural thrombus [16,17].
Aortography is typically used as an alternative diagnostic strategy following initial noninvasive imaging and when
therapeutic interventions are being considered [11,17].

CT Heart Function and Morphology With IV Contrast

The primary role of cardiac CT in the initial evaluation of upper extremity arterial embolic occlusion is in the
workup of cardiac thrombus as a source. Multiple studies have established high rates of atrial thrombus detection
by cardiac CT compared to transesophageal echocardiography (TEE) [18-27]. Meta-analyses have found
sensitivities of 96% to 99% and specificities of 92% to 94% for detection of left atrial or left atrial appendage
thrombus with cardiac CT compared to a TEE reference standard [28-30]. When compared with intraoperative
findings, cardiac CT was 100% sensitive and 85% specific for finding left atrial thrombus [31]. Complex left atrial
appendage morphologies which predispose to thrombus formation can also be characterized by cardiac CT [32-34].
Additionally, cardiac CT can differentiate left ventricular thrombus from the myocardial wall with 1 study
demonstrating a sensitivity, specificity, and positive and negative predictive values of 94%, 97%, 94%, and 97%,
respectively [35]. Studies have also demonstrated cardiac CT to have comparable accuracy to TEE for identification
of vegetations in the setting of infective endocarditis, another potential source of arterial embolism [36-38]. Cardiac
CT can identify cardiac neoplasms, both benign and malignant, which have the potential to shed and embolize to
distal arterial beds [39,40].

CTA Chest With IV Contrast

Multidetector chest CTA with intravenous (IV) contrast can be used to evaluate for at-risk atherosclerotic plaque
or the presence of thrombus in the thoracic aorta. CTA is useful in the assessment of the size, extent, and location
of an embolic source in the aorta, which can aid in management decisions [13,41]. A number of small studies have
used chest CTA to detect aortic mural thrombus that was suspected of embolization [1,12-14,42]. Specific data on
the sensitivity and specificity of this imaging modality are lacking.
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MRA Chest Without and With IV Contrast

Chest MRA without and with IV contrast can be used to evaluate for the presence of thrombus in the thoracic aorta.
In 1 study, detection of thoracic aorta pathology by contrast-enhanced chest MRA was equivalent in sensitivity,
specificity, and diagnostic accuracy compared to noncontrast MRA, although only a single case of thrombus was
included in the analysis [43]. On the other hand, in a small analysis which included 9 patients with aortic thrombus,
contrast-enhanced MRA had a lower thrombus detection rate compared to a noncontrast examination, although this
finding was not statistically significant [44]. Data comparing MRA of the chest to other imaging modalities are
lacking.

MRA Chest Without IV Contrast

Chest MRA without IV contrast is an imaging study, which can detect the presence of thrombus in the thoracic
aorta. One small study found this examination to have a higher detection rate for aortic thrombus when compared
with contrast-enhanced MRA, although the difference was not statistically significant [44]. In another study,
sensitivity, specificity, and diagnostic accuracy of unenhanced steady-state free precession MRA were 100% for
the detection of thoracic aorta pathology compared to a contrast-enhanced MRA reference standard; however, this
analysis only included 1 case of mural thrombus [43]. Data comparing MRA of the chest to other imaging modalities
are lacking.

MRI Heart Function and Morphology Without and With IV Contrast

Cardiac MR is a noninvasive imaging study that can detect intracardiac thrombus as well as valvular and neoplastic
pathologies. A meta-analysis of 7 studies showed that delayed contrast-enhanced cardiac MR had a pooled
sensitivity of 100% and a specificity of 99% for detecting left atrial and left atrial appendage thrombus in patients
with atrial fibrillation [45]. In another meta-analysis, there was no significant difference in sensitivity and specificity
between cardiac CT and cardiac MR in the detection of left atrial appendage thrombus [29]. Contrast-enhanced
cardiac MR had a sensitivity of 88% and a specificity of 99% compared to surgical or pathological confirmation of
left ventricular thrombus [46]. Cardiac MR is also an accurate imaging modality for the evaluation of valvular
disease, including aortic and mitral valve vegetations, which can dislodge and result in arterial embolism [37,47].
Additionally, cardiac MR offers detailed soft tissue characterization for the analysis of benign and malignant
intracardiac neoplasms [39,48].

MRI Heart Function and Morphology Without IV Contrast

Cardiac MR without contrast provides a detailed anatomic evaluation of the heart chambers. In the workup of
embolic sources, the primary role of cardiac MR is in the identification of intracardiac thrombus. A meta-analysis
of 7 studies showed that cine cardiac MR had a pooled sensitivity of 91% and a specificity of 93% for detecting left
atrial and left atrial appendage thrombus in patients with atrial fibrillation [45]. Furthermore, cine cardiac MR had
an 82% sensitivity and a 100% specificity in detecting left ventricle thrombus in postmyocardial infarction patients
compared with a standard delayed enhancement cardiac MR [49]. Cardiac MR without contrast is also capable of
identifying valvular pathology and cardiac neoplasms, although data on its applicability in the setting of systemic
arterial embolism are lacking.

US Duplex Doppler Abdomen
There is no relevant literature to support the use of Doppler ultrasound (US) of the abdomen as an initial imaging
modality in the evaluation of the source of known embolic upper extremity arterial occlusion.

US Echocardiography Transesophageal

TEE is an invasive diagnostic study with the ability to detect cardiac pathology predisposed to embolism. TEE has
a sensitivity of 93% to 100% and a specificity of 95% to 99% for detecting left atrial appendage thrombus when
compared to intraoperative findings [31,50,51]. Furthermore, TEE can evaluate left ventricular systolic dysfunction,
spontaneous echo contrast, slow left atrial appendage peak flow velocities, and complex left atrial appendage
morphologies, which are all associated with left atrial thrombus and thromboembolic risk [2,4]. In addition, TEE
can detect left ventricular thrombus with 1 study reporting a 40% sensitivity and a 96% specificity for the modality
compared to findings at surgery or pathology [46]. Proximal aortic thrombus can also be assessed using TEE,
although evaluation is limited by blind spots (distal ascending aorta and proximal aortic arch) owing to air in the
trachea [10,13]. Detection of valvular disease and intracardiac neoplasms can also be accomplished with TEE.

US Echocardiography Transthoracic Resting
Transthoracic echocardiography (TTE) is a noninvasive imaging modality capable of detecting cardiac pathology
susceptible to embolism. TTE is inferior to TEE in the assessment of left atrial appendage thrombus because the
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transducer is distant from the left atrium when placed on the chest [52]. In 1 study, a cardiac embolic source was
detected by TEE in about 40% of patients with normal TTE [53]. In another study, a cardiac embolic source was
identified by TTE in 15% of the study group compared with 57% by TEE [54]. Sensitivity and specificity were
23% and 96%, respectively, for the detection of left ventricular thrombus compared to findings at surgery or
pathology [46]. In the detection of left ventricle thrombus, contrast-enhanced TTE had a 64% sensitivity and a 99%
specificity compared to a delayed enhancement cardiac MR standard [49]. TTE can also be applied for the diagnosis
of valvular disease and cardiac neoplasms. There is no evidence to support the use of TTE in the evaluation of aortic
thrombus.

Variant 2: Known arterial occlusion in the mesenteric or renal arterial system or renal infarcts. Suspected
embolic etiology. Next imaging study to determine source.

The variant assumes that a mesenteric/renal arterial occlusion or renal infarct has already been established.
Typically, this diagnosis is made by CTA, arteriography, or MRA, although the clinical examination or another
imaging study could also be used (see the ACR Appropriateness Criteria® topic on “Imaging of Mesenteric
Ischemia™ [55]).

Aortography Chest and Abdomen

Conventional catheter aortography has largely been replaced by noninvasive imaging modalities such as CTA and
MRA given their high sensitivity/specificity for detecting aortic pathologies such as mural thrombus [16,17].
Aortography is typically used as an alternative diagnostic strategy following initial noninvasive imaging and when
therapeutic interventions are being considered [11,17].

CT Heart Function and Morphology With IV Contrast

The primary role of cardiac CT in the initial evaluation of mesenteric or renal arterial embolic occlusion is in the
workup of cardiac thrombus as a source. Multiple studies have established high rates of atrial thrombus detection
by cardiac CT compared to TEE [18-27]. Meta-analyses have found sensitivities of 96% to 99% and specificities
of 92% to 94% for detection of left atrial or left atrial appendage thrombus with cardiac CT compared to a TEE
reference standard [28-30]. When compared to intraoperative findings, cardiac CT was 100% sensitive and 85%
specific for finding left atrial thrombus [31]. Complex left atrial appendage morphologies that predispose to
thrombus formation can also be characterized by cardiac CT [32-34]. Additionally, cardiac CT can differentiate left
ventricular thrombus from the myocardial wall, with 1 study demonstrating a sensitivity, specificity, and positive
and negative predictive values of 94%, 97%, 94%, and 97%, respectively [35]. Studies have also demonstrated
cardiac CT to have comparable accuracy to TEE for identification of vegetations in the setting of infective
endocarditis, another potential source of arterial embolism [36-38]. Cardiac CT can identify cardiac neoplasms,
both benign and malignant, which have the potential to shed and embolize to distal arterial beds [39,40].

CTA Chest With IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta, and a CTA limited to the chest may be diagnostic. As such, multidetector chest CTA with IV contrast can be
used to evaluate for at-risk atherosclerotic plaque or the presence of thrombus in the thoracic aorta. CTA is useful
in the assessment of the size, extent, and location of an embolic source in the aorta, which can aid in management
decisions [13,41]. A number of small studies have used chest CTA to detect aortic mural thrombus that was
suspected of embolization [1,12-14,42]. Specific data on the sensitivity and specificity of this imaging modality are
lacking.

CTA Chest and Abdomen With IV Contrast

Multidetector CTA with IV contrast can be used to evaluate for the presence of at-risk atherosclerotic plaque or
thrombus in the aorta in its entirety. CTA is useful in the assessment of the size, extent, and location of an embolic
source in the aorta, which can aid in management decisions [13,41]. Aortic intraluminal thrombus is oftentimes
associated with aneurysm, particularly in the abdomen, which is readily detected by CTA [56,57]. A number of
small studies have used CTA to detect aortic mural thrombus that was suspected of embolization [1,12-14,42].
Specific data on the sensitivity and specificity of this imaging modality are lacking.

MRA Chest Without and With IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta and an MRA limited to the chest may be diagnostic. In 1 study, detection of thoracic aorta pathology by
contrast-enhanced chest MRA was equivalent in sensitivity, specificity, and diagnostic accuracy compared to
noncontrast MRA, although only a single case of thrombus was included in the analysis [43]. On the other hand, in
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a small analysis which included 9 patients with aortic thrombus, contrast-enhanced MRA had a lower thrombus
detection rate compared to a noncontrast examination, although this finding was not statistically significant [44].
Data comparing MRA of the chest to other imaging modalities are lacking.

MRA Chest Without IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta and an MRA limited to the chest may be diagnostic. One small study found this examination to have a higher
detection rate for aortic thrombus when compared with contrast-enhanced MRA, although the difference was not
statistically significant [44]. In another study, sensitivity, specificity, and diagnostic accuracy of unenhanced steady-
state free precession MRA were 100% for the detection of thoracic aorta pathology compared to a contrast-enhanced
MRA reference standard; however, this analysis only included 1 case of mural thrombus [43]. Data comparing
MRA of the chest to other imaging modalities is lacking.

MRA Chest and Abdomen Without and With IV Contrast

MRA of the chest and abdomen without and with IV contrast can be used to evaluate for presence of an embolic
source in the aorta in its entirety. In 1 study, detection of thoracic aorta pathology by contrast-enhanced chest MRA
was equivalent in sensitivity, specificity, and diagnostic accuracy compared to noncontrast MRA, although only a
single case of thrombus was included in the analysis [43]. On the other hand, in a small analysis which included 9
patients with aortic thrombus, contrast-enhanced MRA had a lower thrombus detection rate compared to a
noncontrast examination, although this finding was not statistically significant [44]. Contrast-enhanced MRA of the
abdomen has been used for intraluminal thrombus detection in the setting of aneurysms, although comparative data
are insufficient [56-58]. Data comparing MRA of the chest and abdomen to other imaging modalities are lacking.

MRA Chest and Abdomen Without IV Contrast

Chest and abdomen MRA without IV contrast can be used to evaluate for the presence of an embolic source in the
aorta in its entirety. One small study found this examination to have a higher detection rate for aortic thrombus
when compared with contrast-enhanced MRA, although the difference was not statistically significant [44]. In
another study, sensitivity, specificity, and diagnostic accuracy of unenhanced steady-state free precession MRA
were 100% for the detection of thoracic aorta pathology compared to a contrast-enhanced MRA reference standard;
however, this analysis only included 1 case of mural thrombus [43]. Noncontrast MRA has been used for the
detection of abdominal aortic intraluminal thrombus, although there are insufficient data comparing it to contrast-
enhanced MRA [56-58]. Data comparing MRA of the chest and abdomen to other imaging modalities are lacking.

MRI Heart Function and Morphology Without and With IV Contrast

Cardiac MR is a noninvasive imaging study that can reliably detect intracardiac thrombus as well as valvular and
neoplastic pathologies. A meta-analysis of 7 studies showed that delayed contrast-enhanced cardiac MR had a
pooled sensitivity of 100% and a specificity of 99% for detecting left atrial and left atrial appendage thrombus in
patients with atrial fibrillation [45]. In another meta-analysis, there was no significant difference in sensitivity and
specificity between cardiac CT and cardiac MR in the detection of left atrial appendage thrombus [29]. Contrast-
enhanced cardiac MR had a sensitivity of 88% and a specificity of 99% compared to surgical or pathological
confirmation of left ventricular thrombus [46]. Cardiac MR is also an accurate imaging modality for the evaluation
of valvular disease, including aortic and mitral valve vegetations, which can dislodge and result in arterial embolism
[37,47]. Additionally, cardiac MR offers detailed soft tissue characterization for the analysis of benign and
malignant intracardiac neoplasms [39,48].

MRI Heart Function and Morphology Without IV Contrast

Cardiac MR without contrast provides a detailed anatomic evaluation of the heart chambers. In the workup of
embolic sources, the primary role of cardiac MR is in the identification of intracardiac thrombus. A meta-analysis
of 7 studies showed that cine cardiac MR had a pooled sensitivity of 91% and a specificity of 93% for detecting left
atrial and left atrial appendage thrombus in patients with atrial fibrillation [45]. Furthermore, cine cardiac MR had
an 82% sensitivity and 100% specificity in detecting left ventricle thrombus in postmyocardial infarction patients
compared to a standard delayed enhancement cardiac MR [49]. Cardiac MR without contrast is also capable of
identifying valvular pathology and cardiac neoplasms, although data on its applicability in the setting of systemic
arterial embolism are lacking.

US Duplex Doppler Abdomen
There is no relevant literature to support the use of Doppler US of the abdomen as an initial imaging modality in
the evaluation of the source of known embolic mesenteric/renal arterial occlusion. However, some imaging
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protocols may include limited views of the abdominal aorta that may detect intraluminal aortic thrombus or
significant atherosclerotic disease [56].

US Echocardiography Transesophageal

TEE is an invasive diagnostic study with the ability to detect cardiac pathology predisposed to embolism. TEE has
a sensitivity of 93% to 100% and a specificity of 95% to 99% for detecting left atrial appendage thrombus when
compared to intraoperative findings [31,50,51]. Furthermore, TEE can evaluate left ventricular systolic dysfunction,
spontaneous echo contrast, slow left atrial appendage peak flow velocities, and complex left atrial appendage
morphologies, which are all associated with left atrial thrombus and thromboembolic risk [2,4]. In addition, TEE
can detect left ventricular thrombus, with 1 study reporting a 40% sensitivity and a 96% specificity for the modality
compared to findings at surgery or pathology [46]. Proximal aortic thrombus can also be assessed using TEE,
although evaluation is limited by blind spots (distal ascending aorta and proximal aortic arch) owing to air in the
trachea [10,13]. Detection of valvular disease and intracardiac neoplasms can also be accomplished with TEE.

US Echocardiography Transthoracic Resting

TTE is a noninvasive imaging modality capable of detecting cardiac pathology susceptible to embolism. TTE is
inferior to TEE in the assessment of left atrial appendage thrombus because the transducer is distant from the left
atrium when placed on the chest [52]. In 1 study, a cardiac embolic source was detected by TEE in about 40% of
patients with normal TTE [53]. In another study, a cardiac embolic source was identified by TTE in 15% of the
study group compared with 57% by TEE [54]. Sensitivity and specificity were 23% and 96%, respectively, for the
detection of left ventricular thrombus compared to findings at surgery or pathology [46]. In the detection of left
ventricle thrombus, contrast-enhanced TTE had a 64% sensitivity and 99% specificity compared to a delayed
enhancement cardiac MR standard [49]. TTE can also be applied for the diagnosis of valvular disease and cardiac
neoplasms. There is no evidence to support the use of TTE in the evaluation of aortic thrombus.

Variant 3: Known lower extremity arterial occlusion. Suspected embolic etiology. Next imaging study to
determine source.

The variant assumes that a lower extremity arterial occlusion has already been established. Typically, this diagnosis
is made by CTA, arteriography, or MRA, although the clinical examination or another imaging study could also be
used (see the ACR Appropriateness Criteria® topic on “Sudden Onset of Cold, Painful Leg” [59]).

Aortography Chest, Abdomen, and Pelvis

Conventional catheter aortography has largely been replaced by noninvasive imaging modalities such as CTA and
MRA given their high sensitivity/specificity for detecting aortic pathologies such as mural thrombus [16,17].
Aortography is typically used as an alternative diagnostic strategy following initial noninvasive imaging and when
therapeutic interventions are being considered [11,17].

CT Heart Function and Morphology With IV Contrast

The primary role of cardiac CT in the initial evaluation of lower extremity arterial embolic occlusion is in the
workup of cardiac thrombus as a source. Multiple studies have established high rates of atrial thrombus detection
by cardiac CT compared to TEE [18-27]. Meta-analyses have found sensitivities of 96% to 99% and specificities
of 92% to 94% for detection of left atrial or left atrial appendage thrombus with cardiac CT compared to a TEE
reference standard [28-30]. When compared to intraoperative findings, cardiac CT was 100% sensitive and 85%
specific for finding left atrial thrombus [31]. Complex left atrial appendage morphologies, which predispose to
thrombus formation, can also be characterized by cardiac CT [32-34]. Additionally, cardiac CT can differentiate
left ventricular thrombus from the myocardial wall with 1 study demonstrating a sensitivity, specificity, and positive
and negative predictive values of 94%, 97%, 94%, and 97%, respectively [35]. Studies have also demonstrated
cardiac CT to have comparable accuracy to TEE for identification of vegetations in the setting of infective
endocarditis, another potential source of arterial embolism [36-38]. Cardiac CT can identify cardiac neoplasms,
both benign and malignant, which have the potential to shed and embolize to distal arterial beds [39,40].

CTA Chest With IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta and a CTA limited to the chest may be diagnostic. As such, multidetector chest CTA with IV contrast can be
used to evaluate for at-risk atherosclerotic plaque or the presence of thrombus in the thoracic aorta. CTA is useful
in the assessment of the size, extent, and location of an embolic source in the aorta, which can aid in management
decisions [13,41]. A number of small studies have used chest CTA to detect aortic mural thrombus that was
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suspected of embolization [1,12-14,42]. Specific data on the sensitivity and specificity of this imaging modality are
lacking.

CTA Chest, Abdomen, and Pelvis With IV Contrast

Multidetector CTA with IV contrast can be used to evaluate for the presence of at-risk atherosclerotic plaque or
thrombus in the aorta in its entirety. CTA is useful in the assessment of the size, extent, and location of an embolic
source in the aorta, which can aid in management decisions [13,41]. Aortic intraluminal thrombus is oftentimes
associated with aneurysm, particularly in the abdomen, which is readily detected by CTA [56,57]. A number of
small studies have used CTA to detect aortic mural thrombus that was suspected of embolization [1,12-14,42].
Specific data on the sensitivity and specificity of this imaging modality are lacking.

MRA Chest Without and With IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta and an MRA limited to the chest may be diagnostic. In 1 study, detection of thoracic aorta pathology by
contrast-enhanced chest MRA was equivalent in sensitivity, specificity, and diagnostic accuracy compared to
noncontrast MRA, although only a single case of thrombus was included in the analysis [43]. On the other hand, in
a small analysis which included 9 patients with aortic thrombus, contrast-enhanced MRA had a lower thrombus
detection rate compared to a noncontrast examination, although this finding was not statistically significant [44].
Data comparing MRA of the chest to other imaging modalities are lacking.

MRA Chest Without IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta and an MRA limited to the chest may be diagnostic. One small study found this examination to have a higher
detection rate for aortic thrombus when compared with contrast-enhanced MRA, although the difference was not
statistically significant [44]. In another study, sensitivity, specificity, and diagnostic accuracy of unenhanced steady-
state free precession MRA were 100% for the detection of thoracic aorta pathology compared to a contrast-enhanced
MRA reference standard; however, this analysis only included 1 case of mural thrombus [43]. Data comparing
MRA of the chest to other imaging modalities is lacking.

MRA Chest, Abdomen, and Pelvis Without and With IV Contrast

MRA of the chest, abdomen, and pelvis without and with IV contrast can be used to evaluate for the presence of an
embolic source in the aorta in its entirety. In 1 study, detection of thoracic aorta pathology by contrast-enhanced
chest MRA was equivalent in sensitivity, specificity, and diagnostic accuracy compared to noncontrast MRA,
although only a single case of thrombus was included in the analysis [43]. On the other hand, in a small analysis
which included 9 patients with aortic thrombus, contrast-enhanced MRA had a lower thrombus detection rate
compared to a noncontrast examination, although this finding was not statistically significant [44]. Contrast-
enhanced MRA of the abdomen has been used for intraluminal thrombus detection in the setting of aneurysms,
although comparative data is insufficient [56-58]. Data comparing MRA of the chest, abdomen, and pelvis to other
imaging modalities is lacking.

MRA Chest, Abdomen, and Pelvis Without IV Contrast

Chest, abdomen, and pelvis MRA without IV contrast can be used to evaluate for the presence of an embolic source
in the aorta in its entirety. One small study found this examination to have a higher detection rate for aortic thrombus
when compared with contrast-enhanced MRA, although the difference was not statistically significant [44]. In
another study, sensitivity, specificity, and diagnostic accuracy of unenhanced steady-state free precession MRA
were 100% for the detection of thoracic aorta pathology compared to a contrast-enhanced MRA reference standard,
however this analysis only included 1 case of mural thrombus [43]. Noncontrast MRA has been used for the
detection of abdominal aortic intraluminal thrombus, although there is insufficient data comparing it to contrast-
enhanced MRA [56-58]. Data comparing MRA of the chest, abdomen, and pelvis to other imaging modalities is
lacking.

MRI Heart Function and Morphology Without and With IV Contrast

Cardiac MR is a noninvasive imaging study that can reliably detect intracardiac thrombus as well as valvular and
neoplastic pathologies. A meta-analysis of 7 studies showed that delayed contrast-enhanced cardiac MR had a
pooled sensitivity of 100% and a specificity of 99% for detecting left atrial and left atrial appendage thrombus in
patients with atrial fibrillation [45]. In another meta-analysis, there was no significant difference in sensitivity and
specificity between cardiac CT and cardiac MR in the detection of left atrial appendage thrombus [29]. Contrast-
enhanced cardiac MR had a sensitivity of 88% and a specificity of 99% compared to surgical or pathological
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confirmation of left ventricular thrombus [46]. Cardiac MR is also an accurate imaging modality for the evaluation
of valvular disease, including aortic and mitral valve vegetations, which can dislodge and result in arterial embolism
[37,47]. Additionally, cardiac MR offers detailed soft tissue characterization for the analysis of benign and
malignant intracardiac neoplasms [39,48].

MRI Heart Function and Morphology Without IV Contrast

Cardiac MR without contrast provides a detailed anatomic evaluation of the heart chambers. In the workup of
embolic sources, the primary role of cardiac MR is in the identification of intracardiac thrombus. A meta-analysis
of 7 studies showed that cine cardiac MR had a pooled sensitivity of 91% and a specificity of 93% for detecting left
atrial and left atrial appendage thrombus in patients with atrial fibrillation [45]. Furthermore, cine cardiac MR had
an 82% sensitivity and a 100% specificity in detecting left ventricle thrombus in postmyocardial infarction patients
compared with a standard delayed enhancement cardiac MR [49]. Cardiac MR without contrast is also capable of
identifying valvular pathology and cardiac neoplasms, although data on its applicability in the setting of systemic
arterial embolism are lacking.

US Duplex Doppler Abdomen

There is no relevant literature to support the use of Doppler US of the abdomen as an initial imaging modality in
the evaluation of the source of known embolic lower extremity arterial occlusion. However, some imaging protocols
may include limited views of the abdominal aorta, which may detect intraluminal aortic thrombus or significant
atherosclerotic disease [56].

US Echocardiography Transesophageal

TEE is an invasive diagnostic study with the ability to detect cardiac pathology predisposed to embolism. TEE has
a sensitivity of 93% to 100% and a specificity of 95% to 99% for detecting left atrial appendage thrombus when
compared to intraoperative findings [31,50,51]. Furthermore, TEE can evaluate left ventricular systolic dysfunction,
spontaneous echo contrast, slow left atrial appendage peak flow velocities, and complex left atrial appendage
morphologies, which are all associated with left atrial thrombus and thromboembolic risk [2,4]. In addition, TEE
can detect left ventricular thrombus, with 1 study reporting a 40% sensitivity and a 96% specificity for the modality
compared to findings at surgery or pathology [46]. Proximal aortic thrombus can also be assessed using TEE,
although evaluation is limited by blind spots (distal ascending aorta and proximal aortic arch) owing to air in the
trachea [10,13]. Detection of valvular disease and intracardiac neoplasms can also be accomplished with TEE.

US Echocardiography Transthoracic Resting

TTE is a noninvasive imaging modality capable of detecting cardiac pathology susceptible to embolism. TTE is
inferior to TEE in the assessment of left atrial appendage thrombus because the transducer is distant from the left
atrium when placed on the chest [52]. In 1 study, a cardiac embolic source was detected by TEE in about 40% of
patients with normal TTE [53]. In another study, a cardiac embolic source was identified by TTE in 15% of the
study group compared with 57% by TEE [54]. Sensitivity and specificity were 23% and 96%, respectively, for the
detection of left ventricular thrombus compared to findings at surgery or pathology [46]. In the detection of left
ventricle thrombus, contrast-enhanced TTE had a 64% sensitivity and a 99% specificity compared to a delayed
enhancement cardiac MR standard [49]. TTE can also be applied for the diagnosis of valvular disease and cardiac
neoplasms. There is no evidence to support the use of TTE in the evaluation of aortic thrombus.

Variant 4: Known multiorgan system arterial occlusions. Suspected embolic etiology. Next imaging study to
determine source.

The variant assumes that multiorgan arterial occlusions have already been established. Typically, these diagnoses
are made by CTA, arteriography, or MRA, although the clinical examination or another imaging study could also
be used.

CT Heart Function and Morphology With IV Contrast

The primary role of cardiac CT in the initial evaluation of multiorgan system arterial embolic occlusion is in the
workup of cardiac thrombus as a source. Multiple studies have established high rates of atrial thrombus detection
by cardiac CT compared to TEE [18-27]. Meta-analyses have found sensitivities of 96% to 99% and specificities
of 92% to 94% for detection of left atrial or left atrial appendage thrombus with cardiac CT compared to a TEE
reference standard [28-30]. When compared with intraoperative findings, cardiac CT was 100% sensitive and 85%
specific for finding left atrial thrombus [31]. Complex left atrial appendage morphologies, which predispose to
thrombus formation, can also be characterized by cardiac CT [32-34]. Additionally, cardiac CT can differentiate
left ventricular thrombus from the myocardial wall, with 1 study demonstrating a sensitivity, specificity, and
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positive and negative predictive values of 94%, 97%, 94%, and 97%, respectively [35]. Studies have also
demonstrated cardiac CT to have comparable accuracy to TEE for identification of vegetations in the setting of
infective endocarditis, another potential source of arterial embolism [36-38]. Cardiac CT can identify cardiac
neoplasms, both benign and malignant, which have the potential to shed and embolize to distal arterial beds [39,40].

CTA Chest With IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta, and a CTA limited to the chest may be diagnostic. As such, multidetector chest CTA with IV contrast can be
used to evaluate for at-risk atherosclerotic plaque or the presence of thrombus in the thoracic aorta. CTA is useful
in the assessment of the size, extent, and location of an embolic source in the aorta, which can aid in management
decisions [13,41]. A number of small studies have used chest CTA to detect aortic mural thrombus that was
suspected of embolization [1,12-14,42]. Specific data on the sensitivity and specificity of this imaging modality are
lacking.

CTA Chest, Abdomen, and Pelvis With IV contrast

Multidetector CTA with IV contrast can be used to evaluate for the presence of at-risk atherosclerotic plaque or
thrombus in the aorta in its entirety. CTA is useful in the assessment of the size, extent, and location of an embolic
source in the aorta, which can aid in management decisions [13,41]. Aortic intraluminal thrombus is oftentimes
associated with aneurysm, particularly in the abdomen, which is readily detected by CTA [56,57]. A number of
small studies have used CTA to detect aortic mural thrombus that was suspected of embolization [1,12-14,42].
Specific data on the sensitivity and specificity of this imaging modality are lacking.

MRA Chest Without and With IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta and an MRA limited to the chest may be diagnostic. In 1 study, detection of thoracic aorta pathology by
contrast-enhanced chest MRA was equivalent in sensitivity, specificity, and diagnostic accuracy compared to
noncontrast MRA, although only a single case of thrombus was included in the analysis [43]. On the other hand, in
a small analysis which included 9 patients with aortic thrombus, contrast-enhanced MRA had a lower thrombus
detection rate compared to a noncontrast examination, although this finding was not statistically significant [44].
Data comparing MRA of the chest to other imaging modalities are lacking.

MRA Chest Without IV Contrast

In some conditions or clinical scenarios, there may be a high suspicion that the embolic source is in the thoracic
aorta and an MRA limited to the chest may be diagnostic. One small study found this examination to have a higher
detection rate for aortic thrombus when compared with contrast-enhanced MRA, although the difference was not
statistically significant [44]. In another study, sensitivity, specificity, and diagnostic accuracy of unenhanced steady-
state free precession MRA were 100% for the detection of thoracic aorta pathology compared to a contrast-enhanced
MRA reference standard; however, this analysis only included 1 case of mural thrombus [43]. Data comparing
MRA of the chest to other imaging modalities is lacking.

MRA Chest, Abdomen, and Pelvis Without and With IV Contrast

MRA of the chest, abdomen, and pelvis without and with IV contrast can be used to evaluate for the presence of an
embolic source in the aorta in its entirety. In 1 study, detection of thoracic aorta pathology by contrast-enhanced
chest MRA was equivalent in sensitivity, specificity, and diagnostic accuracy compared to noncontrast MRA,
although only a single case of thrombus was included in the analysis [43]. On the other hand, in a small analysis
which included 9 patients with aortic thrombus, contrast-enhanced MRA had a lower thrombus detection rate
compared to a noncontrast examination, although this finding was not statistically significant [44]. Contrast-
enhanced MRA of the abdomen has been used for intraluminal thrombus detection in the setting of aneurysms,
although comparative data is insufficient [56-58]. Data comparing MRA of the chest, abdomen, and pelvis to other
imaging modalities is lacking.

MRA Chest, Abdomen, and Pelvis Without IV Contrast

Chest, abdomen, and pelvis MRA without IV contrast can be used to evaluate for the presence of an embolic source
in the aorta in its entirety. One small study found this examination to have a higher detection rate for aortic thrombus
when compared with contrast-enhanced MRA, although the difference was not statistically significant [44]. In
another study, sensitivity, specificity, and diagnostic accuracy of unenhanced steady-state free precession MRA
were 100% for the detection of thoracic aorta pathology compared to a contrast-enhanced MRA reference standard,
however this analysis only included 1 case of mural thrombus [43]. Noncontrast MRA has been used for the
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detection of abdominal aortic intraluminal thrombus, although there is insufficient data comparing it to contrast-
enhanced MRA [56-58]. Data comparing MRA of the chest, abdomen, and pelvis to other imaging modalities is
lacking.

MRI Heart Function and Morphology Without and With IV Contrast

Cardiac MR is a noninvasive imaging study that can reliably detect intracardiac thrombus as well as valvular and
neoplastic pathologies. A meta-analysis of 7 studies showed that delayed contrast-enhanced cardiac MR had a
pooled sensitivity of 100% and a specificity of 99% for detecting left atrial and left atrial appendage thrombus in
patients with atrial fibrillation [45]. In another meta-analysis, there was no significant difference in sensitivity and
specificity between cardiac CT and cardiac MR in the detection of left atrial appendage thrombus [29]. Contrast-
enhanced cardiac MR had a sensitivity of 88% and a specificity of 99% compared to surgical or pathological
confirmation of left ventricular thrombus [46]. Cardiac MR is also an accurate imaging modality for the evaluation
of valvular disease, including aortic and mitral valve vegetations, which can dislodge and result in arterial embolism
[37,47]. Additionally, cardiac MR offers detailed soft tissue characterization for the analysis of benign and
malignant intracardiac neoplasms [39,48].

MRI Heart Function and Morphology Without IV Contrast

Cardiac MR without contrast provides a detailed anatomic evaluation of the heart chambers. In the workup of
embolic sources, the primary role of cardiac MR is in the identification of intracardiac thrombus. A meta-analysis
of 7 studies showed that cine cardiac MR had a pooled sensitivity of 91% and a specificity of 93% for detecting left
atrial and left atrial appendage thrombus in patients with atrial fibrillation [45]. Furthermore, cine cardiac MR had
an 82% sensitivity and a 100% specificity in detecting left ventricle thrombus in postmyocardial infarction patients
compared with a standard delayed enhancement cardiac MR [49]. Cardiac MR without contrast is also capable of
identifying valvular pathology and cardiac neoplasms, although data on its applicability in the setting of systemic
arterial thromboembolism are lacking.

US Duplex Doppler Abdomen

There is no relevant literature to support the use of Doppler US of the abdomen as an initial imaging modality in
the evaluation of the source of known embolic multiorgan arterial occlusion. However, some imaging protocols
may include limited views of the abdominal aorta, which may detect intraluminal aortic thrombus or significant
atherosclerotic disease [56].

US Echocardiography Transesophageal

TEE is an invasive diagnostic study with the ability to detect cardiac pathology predisposed to embolism. TEE has
a sensitivity of 93% to 100% and a specificity of 95% to 99% for detecting left atrial appendage thrombus when
compared with intraoperative findings [31,50,51]. Furthermore, TEE can evaluate left ventricular systolic
dysfunction, spontaneous echo contrast, slow left atrial appendage peak flow velocities, and complex left atrial
appendage morphologies, which are all associated with left atrial thrombus and thromboembolic risk [2,4]. In
addition, TEE can detect left ventricular thrombus with 1 study reporting a 40% sensitivity and a 96% specificity
for the modality compared to findings at surgery or pathology [46]. Proximal aortic thrombus can also be assessed
using TEE, although evaluation is limited by blind spots (distal ascending aorta and proximal aortic arch) owing to
air in the trachea [10,13]. Detection of valvular disease and intracardiac neoplasms can also be accomplished with
TEE.

US Echocardiography Transthoracic Resting

TTE is a noninvasive imaging modality capable of detecting cardiac pathology susceptible to embolism. TTE is
inferior to TEE in the assessment of left atrial appendage thrombus because the transducer is distant from the left
atrium when placed on the chest [52]. In 1 study, a cardiac embolic source was detected by TEE in about 40% of
patients with normal TTE [53]. In another study, a cardiac embolic source was identified by TTE in 15% of the
study group compared with 57% by TEE [54]. Sensitivity and specificity were 23% and 96%, respectively, for the
detection of left ventricular thrombus compared to findings at surgery or pathology [46]. In the detection of left
ventricle thrombus, contrast-enhanced TTE had a 64% sensitivity and a 99% specificity compared to a delayed
enhancement cardiac MR standard [49]. TTE can also be applied for the diagnosis of valvular disease and cardiac
neoplasms. There is no evidence to support the use of TTE in the evaluation of aortic thrombus.

Summary of Recommendations

e Variant 1: TEE, TTE, MRI heart function and morphology without and with IV contrast, MRI heart function
and morphology without IV contrast, and CT heart function and morphology with IV contrast are usually
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appropriate for determining the cardiac source of a known upper extremity arterial occlusion with a suspected
embolic etiology. These procedures are equivalent alternatives (ie, only one procedure will be ordered to
provide the clinical information to effectively manage the patient’s care). Furthermore, CTA of the chest with
IV contrast and MRA of the chest without and with IV contrast are equivalent alternatives that are usually
appropriate for determining a central arterial source of a known upper extremity arterial occlusion with a
suspected embolic etiology. During the workup of an upper extremity embolic source, cardiac and cross-
sectional angiographic imaging may be complementary (both are performed) in certain clinical
scenarios/conditions.

e Variant 2: TEE, TTE, MRI heart function and morphology without and with IV contrast, MRI heart function
and morphology without IV contrast, and CT heart function and morphology with IV contrast are usually
appropriate for determining the cardiac source of a known visceral arterial occlusion with a suspected embolic
etiology. These procedures are equivalent alternatives (ie, only one procedure will be ordered to provide the
clinical information to effectively manage the patient’s care). Furthermore, CTA of the chest and abdomen with
IV contrast and MRA of the chest and abdomen without and with IV contrast are equivalent alternatives that
are usually appropriate for determining a central arterial source of a known visceral arterial occlusion with a
suspected embolic etiology. CTA of the chest with IV contrast is usually appropriate in some clinical situations
in which there is a high suspicion of the embolic source originating in the thoracic aorta. During the workup of
a visceral embolic source, cardiac and cross-sectional angiographic imaging may be complementary (both are
performed) in certain clinical scenarios/conditions.

e Variant 3: TEE, TTE, MRI heart function and morphology without and with IV contrast, MRI heart function
and morphology without IV contrast, and CT heart function and morphology with IV contrast are usually
appropriate for determining the cardiac source of a known lower extremity arterial occlusion with a suspected
embolic etiology. These procedures are equivalent alternatives (ie, only one procedure will be ordered to
provide the clinical information to effectively manage the patient’s care). Furthermore, CTA of the chest,
abdomen, and pelvis with IV contrast and MRA of the chest, abdomen, and pelvis without and with IV contrast
are equivalent alternatives that are usually appropriate for determining a central arterial source of a known lower
extremity arterial occlusion with a suspected embolic etiology. CTA of the chest with IV contrast or MRA of
the chest without and with IV contrast are usually appropriate in some clinical situations in which there is a
high suspicion of the embolic source originating in the thoracic aorta. During the workup of a lower extremity
embolic source, cardiac and cross-sectional angiographic imaging may be complementary (both are performed)
in certain clinical scenarios/conditions.

e Variant 4: TEE, TTE, MRI heart function and morphology without and with IV contrast, MRI heart function
and morphology without IV contrast, and CT heart function and morphology with IV contrast are usually
appropriate for determining the cardiac source of known multiorgan system arterial occlusions with a suspected
embolic etiology. These procedures are equivalent alternatives (ie, only one procedure will be ordered to
provide the clinical information to effectively manage the patient’s care). Furthermore, CTA of the chest,
abdomen, and pelvis with [V contrast, MRA of the chest, abdomen, and pelvis without and with IV contrast,
and MRA of the chest, abdomen, and pelvis without IV contrast are equivalent alternatives that are usually
appropriate for determining a central arterial source of known multiorgan system arterial occlusions with a
suspected embolic etiology. CTA of the chest with IV contrast or MRA of the chest without and with IV contrast
are usually appropriate in some clinical situations when there is a high suspicion of the embolic source
originating in the thoracic aorta. During the workup of a multiorgan system embolic source, cardiac and cross-
sectional angiographic imaging may be complementary (both are performed) in certain clinical
scenarios/conditions.

Supporting Documents

The evidence table, literature search, and appendix for this topic are available at https://acsearch.acr.org/list. The
appendix includes the strength of evidence assessment and the final rating round tabulations for each
recommendation.

For additional information on the Appropriateness Criteria methodology and other supporting documents go to
WWWw.acr.org/ac.
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Appropriateness Category Names and Definitions

Appropriateness

Rating Appropriateness Category Definition

Appropriateness Category Name

The imaging procedure or treatment is indicated in the
Usually Appropriate 7,8,0r9 specified clinical scenarios at a favorable risk-benefit
ratio for patients.

The imaging procedure or treatment may be indicated
in the specified clinical scenarios as an alternative to
May Be Appropriate 4,5, 0r6 imaging procedures or treatments with a more
favorable risk-benefit ratio, or the risk-benefit ratio for
patients is equivocal.

The individual ratings are too dispersed from the panel
median. The different label provides transparency

May Be Appropriate 5 regarding the panel’s recommendation. “May be

(Disagreement) appropriate” is the rating category and a rating of 5 is
assigned.

The imaging procedure or treatment is unlikely to be

: indicated in the specified clinical scenarios, or the

Usually Not Appropriate 1,2,0r3 risk-benefit ratio for patients is likely to be

unfavorable.

Relative Radiation Level Information

Potential adverse health effects associated with radiation exposure are an important factor to consider when
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate
population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at
inherently higher risk from exposure, because of both organ sensitivity and longer life expectancy (relevant to the
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for
pediatric examinations are lower as compared with those specified for adults (see Table below). Additional
information regarding radiation dose assessment for imaging examinations can be found in the ACR
Appropriateness Criteria® Radiation Dose Assessment Introduction document [60].

Relative Radiation Level Designations
Relative Radiation Level* Adult Effective Dose Estimate Pediatric Effective Dose Estimate
Range Range
@) 0 mSv 0 mSv
& <0.1 mSv <0.03 mSv
& 0.1-1 mSv 0.03-0.3 mSv
OO 1-10 mSv 0.3-3 mSv
DO 10-30 mSv 3-10 mSv
OO0 30-100 mSv 10-30 mSv
*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is used).
The RRLs for these examinations are designated as “Varies.”

References

1. Weiss S, Buhlmann R, von Allmen RS, et al. Management of floating thrombus in the aortic arch. J Thorac
Cardiovasc Surg 2016;152:810-7.

ACR Appropriateness Criteria® 14 Workup of Noncerebral Systemic Arterial Embolic Source


https://www.acr.org/-/media/ACR/Files/Appropriateness-Criteria/RadiationDoseAssessmentIntro.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kumagai T, Matsuura Y, Yamamoto T, Ugawa Y, Fukushima T. Risk factors for left atrial thrombus from
transesophageal echocardiography findings in ischemic stroke patients. Fukushima J Med Sci 2014;60:154-8.
Wysokinski WE, Ammash N, Sobande F, Kalsi H, Hodge D, McBane RD. Predicting left atrial thrombi in atrial
fibrillation. Am Heart J 2010;159:665-71.

Yamamoto M, Seo Y, Kawamatsu N, et al. Complex left atrial appendage morphology and left atrial appendage
thrombus formation in patients with atrial fibrillation. Circ Cardiovasc Imaging 2014;7:337-43.

Gianstefani S, Douiri A, Delithanasis I, et al. Incidence and predictors of early left ventricular thrombus after
ST-elevation myocardial infarction in the contemporary era of primary percutaneous coronary intervention. Am
J Cardiol 2014;113:1111-6.

McCarthy CP, Vaduganathan M, McCarthy KJ, Januzzi JL, Jr., Bhatt DL, McEvoy JW. Left Ventricular
Thrombus After Acute Myocardial Infarction: Screening, Prevention, and Treatment. JAMA Cardiol
2018;3:642-49.

Sordelli C, Fele N, Mocerino R, et al. Infective Endocarditis: Echocardiographic Imaging and New Imaging
Modalities. J Cardiovasc Echogr 2019;29:149-55.

Wintersperger BJ, Becker CR, Gulbins H, et al. Tumors of the cardiac valves: imaging findings in magnetic
resonance imaging, electron beam computed tomography, and echocardiography. Eur Radiol 2000;10:443-9.
O'Connell JB, Quinones-Baldrich WJ. Proper evaluation and management of acute embolic versus thrombotic
limb ischemia. Semin Vasc Surg 2009;22:10-6.

Yoo SM, Lee HY, White CS. MDCT evaluation of acute aortic syndrome. Radiol Clin North Am 2010;48:67-
83.

Tsilimparis N, Hanack U, Pisimisis G, Yousefi S, Wintzer C, Ruckert RI. Thrombus in the non-aneurysmal,
non-atherosclerotic descending thoracic aorta--an unusual source of arterial embolism. Eur J Vasc Endovasc
Surg 2011;41:450-7.

Klang E, Kerpel A, Soffer S, et al. CT imaging features of symptomatic and asymptomatic floating aortic
thrombus. Clin Radiol 2018;73:323 €9-23 e14.

Pagni S, Trivedi J, Ganzel BL, et al. Thoracic aortic mobile thrombus: is there a role for early surgical
intervention? Ann Thorac Surg 2011;91:1875-81.

Boufi M, Mameli A, Compes P, Hartung O, Alimi YS. Elective stent-graft treatment for the management of
thoracic aorta mural thrombus. Eur J Vasc Endovasc Surg 2014;47:335-41.

American College of Radiology. ACR-NASCI-SIR-SPR Practice Parameter for the Performance and
Interpretation of Body Computed Tomography Angiography (CTA). Available at: https:/www.acr.org/-
/media/ACR/Files/Practice-Parameters/body-cta.pdf. Accessed September 30, 2022.

Fleischmann D, Mitchell RS, Miller DC. Acute aortic syndromes: new insights from electrocardiographically
gated computed tomography. Semin Thorac Cardiovasc Surg 2008;20:340-7.

Holloway BJ, Rosewarne D, Jones RG. Imaging of thoracic aortic disease. Br J Radiol 2011;84 Spec No 3:S338-
54.

Hur J, Kim YJ, Lee HJ, et al. Left atrial appendage thrombi in stroke patients: detection with two-phase cardiac
CT angiography versus transesophageal echocardiography. Radiology 2009;251:683-90.

Hur J, Kim YJ, Lee HJ, et al. Dual-enhanced cardiac CT for detection of left atrial appendage thrombus in
patients with stroke: a prospective comparison study with transesophageal echocardiography. Stroke
2011;42:2471-7.

Hur J, Kim YJ, Lee HJ, et al. Cardioembolic stroke: dual-energy cardiac CT for differentiation of left atrial
appendage thrombus and circulatory stasis. Radiology 2012;263:688-95.

Teunissen C, Habets J, Velthuis BK, Cramer MJ, Loh P. Double-contrast, single-phase computed tomography
angiography for ruling out left atrial appendage thrombus prior to atrial fibrillation ablation. Int J Cardiovasc
Imaging 2017;33:121-28.

Kapa S, Martinez MW, Williamson EE, et al. ECG-gated dual-source CT for detection of left atrial appendage
thrombus in patients undergoing catheter ablation for atrial fibrillation. J Interv Card Electrophysiol
2010;29:75-81.

Zhai Z, Tang M, Zhang S, et al. Transoesophageal echocardiography prior to catheter ablation could be avoided
in atrial fibrillation patients with a low risk of stroke and without filling defects in the late-phase MDCT scan:
A retrospective analysis of 783 patients. Eur Radiol 2018;28:1835-43.

Ikegami Y, Tanimoto K, Inagawa K, et al. Identification of Left Atrial Appendage Thrombi in Patients With
Persistent and Long-Standing Persistent Atrial Fibrillation Using Intra-Cardiac Echocardiography and Cardiac
Computed Tomography. Circ J 2017;82:46-52.

ACR Appropriateness Criteria® 15 Workup of Noncerebral Systemic Arterial Embolic Source


https://www.acr.org/-/media/ACR/Files/Practice-Parameters/body-cta.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/body-cta.pdf

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Kantarci M, Ogul H, Sade R, Aksakal E, Colak A, Tanboga IH. Circulatory Stasis or Thrombus in Left Atrial
Appendage, An Easy Diagnostic Solution. J Comput Assist Tomogr 2019;43:406-09.

Bilchick KC, Mealor A, Gonzalez J, et al. Effectiveness of integrating delayed computed tomography
angiography imaging for left atrial appendage thrombus exclusion into the care of patients undergoing ablation
of atrial fibrillation. Heart Rhythm 2016;13:12-9.

Martinez MW, Kirsch J, Williamson EE, et al. Utility of nongated multidetector computed tomography for
detection of left atrial thrombus in patients undergoing catheter ablation of atrial fibrillation. JACC Cardiovasc
Imaging 2009;2:69-76.

Romero J, Husain SA, Kelesidis I, Sanz J, Medina HM, Garcia MJ. Detection of left atrial appendage thrombus
by cardiac computed tomography in patients with atrial fibrillation: a meta-analysis. Circ Cardiovasc Imaging
2013;6:185-94.

Vira T, Pechlivanoglou P, Connelly K, Wijeysundera HC, Roifman I. Cardiac computed tomography and
magnetic resonance imaging vs. transoesophageal echocardiography for diagnosing left atrial appendage
thrombi. Europace 2019;21:e1-e10.

Zou H, Zhang Y, Tong J, Liu Z. Multidetector computed tomography for detecting left atrial/left atrial
appendage thrombus: a meta-analysis. Intern Med J 2015;45:1044-53.

Choi BH, Ko SM, Hwang HK, et al. Detection of left atrial thrombus in patients with mitral stenosis and atrial
fibrillation: retrospective comparison of two-phase computed tomography, transoesophageal echocardiography
and surgical findings. Eur Radiol 2013;23:2944-53.

Korhonen M, Muuronen A, Arponen O, et al. Left atrial appendage morphology in patients with suspected
cardiogenic stroke without known atrial fibrillation. PLoS One 2015;10:e0118822.

Hozawa M, Morino Y, Matsumoto Y, et al. 3D-computed tomography to compare the dimensions of the left
atrial appendage in patients with normal sinus rhythm and those with paroxysmal atrial fibrillation. Heart
Vessels 2018;33:777-85.

Dieker W, Behnes M, Fastner C, et al. Impact of left atrial appendage morphology on thrombus formation after
successful left atrial appendage occlusion: Assessment with cardiac-computed-tomography. Sci Rep
2018;8:1670.

Bittencourt MS, Achenbach S, Marwan M, et al. Left ventricular thrombus attenuation characterization in
cardiac computed tomography angiography. J Cardiovasc Comput Tomogr 2012;6:121-6.

Kim IC, Chang S, Hong GR, et al. Comparison of Cardiac Computed Tomography With Transesophageal
Echocardiography for Identifying Vegetation and Intracardiac Complications in Patients With Infective
Endocarditis in the Era of 3-Dimensional Images. Circ Cardiovasc Imaging 2018;11:¢006986.

Erba PA, Pizzi MN, Roque A, et al. Multimodality Imaging in Infective Endocarditis: An Imaging Team Within
the Endocarditis Team. Circulation 2019;140:1753-65.

Feuchtner GM, Stolzmann P, Dichtl W, et al. Multislice computed tomography in infective endocarditis:
comparison with transesophageal echocardiography and intraoperative findings. J Am Coll Cardiol
2009;53:436-44.

Araoz PA, Mulvagh SL, Tazelaar HD, Julsrud PR, Breen JF. CT and MR imaging of benign primary cardiac
neoplasms with echocardiographic correlation. Radiographics 2000;20:1303-19.

Kassop D, Donovan MS, Cheezum MK, et al. Cardiac Masses on Cardiac CT: A Review. Curr Cardiovasc
Imaging Rep 2014;7:9281.

Mesurolle B, Qanadli SD, Merad M, El Hajjam M, Mignon F, Lacombe P. Dual-slice helical CT of the thoracic
aorta. J Comput Assist Tomogr 2000;24:548-56.

Ryoo S, Chung JW, Lee MJ, et al. An Approach to Working Up Cases of Embolic Stroke of Undetermined
Source. ] Am Heart Assoc 2016;5:¢002975.

Krishnam MS, Tomasian A, Malik S, Desphande V, Laub G, Ruehm SG. Image quality and diagnostic accuracy
of unenhanced SSFP MR angiography compared with conventional contrast-enhanced MR angiography for the
assessment of thoracic aortic diseases. Eur Radiol 2010;20:1311-20.

Gebker R, Gomaa O, Schnackenburg B, Rebakowski J, Fleck E, Nagel E. Comparison of different MRI
techniques for the assessment of thoracic aortic pathology: 3D contrast enhanced MR angiography, turbo spin
echo and balanced steady state free precession. Int J Cardiovasc Imaging 2007;23:747-56.

Chen J, Zhang H, Zhu D, Wang Y, Byanju S, Liao M. Cardiac MRI for detecting left atrial/left atrial appendage
thrombus in patients with atrial fibrillation : Meta-analysis and systematic review. Herz 2019;44:390-97.

ACR Appropriateness Criteria® 16 ~ Workup of Noncerebral Systemic Arterial Embolic Source



46.

47.

48.

49.

50.

S1.

52.
53.

54.

55.

56.

57.

58.

59.

60.

Srichai MB, Junor C, Rodriguez LL, et al. Clinical, imaging, and pathological characteristics of left ventricular
thrombus: a comparison of contrast-enhanced magnetic resonance imaging, transthoracic echocardiography,
and transesophageal echocardiography with surgical or pathological validation. Am Heart J 2006;152:75-84.
Rustemli A, Bhatti TK, Wolff SD. Evaluating cardiac sources of embolic stroke with MRI. Echocardiography
2007;24:301-8; discussion 08.

Motwani M, Kidambi A, Herzog BA, Uddin A, Greenwood JP, Plein S. MR imaging of cardiac tumors and
masses: a review of methods and clinical applications. Radiology 2013;268:26-43.

Weinsaft JW, Kim J, Medicherla CB, et al. Echocardiographic Algorithm for Post-Myocardial Infarction LV
Thrombus: A Gatekeeper for Thrombus Evaluation by Delayed Enhancement CMR. JACC Cardiovasc Imaging
2016;9:505-15.

He YQ, Liu L, Zhang MC, Zeng H, Yang P. Dual-Energy Computed Tomography-Enabled Material Separation
in Diagnosing Left Atrial Appendage Thrombus. Tex Heart Inst J 2019;46:107-14.

Kumar V, Nanda NC. Is it time to move on from two-dimensional transesophageal to three-dimensional
transthoracic echocardiography for assessment of left atrial appendage? Review of existing literature.
Echocardiography 2012;29:112-6.

Nakanishi K, Homma S. Role of echocardiography in patients with stroke. J Cardiol 2016;68:91-9.

de Bruijn SF, Agema WR, Lammers GJ, et al. Transesophageal echocardiography is superior to transthoracic
echocardiography in management of patients of any age with transient ischemic attack or stroke. Stroke
2006;37:2531-4.

Pearson AC, Labovitz AJ, Tatineni S, Gomez CR. Superiority of transesophageal echocardiography in detecting
cardiac source of embolism in patients with cerebral ischemia of uncertain etiology. J Am Coll Cardiol
1991;17:66-72.

Ginsburg M, Obara P, Lambert DL, et al. ACR Appropriateness Criteria® Imaging of Mesenteric Ischemia. J
Am Coll Radiol 2018;15:S332-S40.

Labruto F, Blomqgvist L, Swedenborg J. Imaging the intraluminal thrombus of abdominal aortic aneurysms:
techniques, findings, and clinical implications. J Vasc Interv Radiol 2011;22:1069-75; quiz 75.

Litmanovich D, Bankier AA, Cantin L, Raptopoulos V, Boiselle PM. CT and MRI in diseases of the aorta. AJR
Am J Roentgenol 2009;193:928-40.

Nguyen VL, Leiner T, Hellenthal FA, et al. Abdominal aortic aneurysms with high thrombus signal intensity
on magnetic resonance imaging are associated with high growth rate. Eur J Vasc Endovasc Surg 2014;48:676-
84.

Weiss CR, Azene EM, Majdalany BS, et al. ACR Appropriateness Criteria® Sudden Onset of Cold, Painful
Leg. J Am Coll Radiol 2017;14:S307-S13.

American College of Radiology. ACR Appropriateness Criteria® Radiation Dose Assessment Introduction.
Available at: https://www.acr.org/-/media/ ACR/Files/Appropriateness-
Criteria/RadiationDoseAssessmentIntro.pdf. Accessed September 30, 2022.

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians in
making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
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radiologist in light of all the circumstances presented in an individual examination.
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