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Left atrial spontaneous echo contrast is an echocardiographic finding associated with hy-
percoagulable states and stasis and can be clinically correlated with a thromboembolism
in patients with atrial fibrillation, mitral stenosis, or mitral valve repair. Black blood dou-
ble inversion recovery cardiac magnetic resonance is used to map out cardiac anatomy and
demonstrates higher signal in blood flowing at a slower rate, such as at the sites of aor-
tic aneurysms, aortic dissections and vessel occlusions. Here, we present the case of a 66-
year-old woman with persistent atrial fibrillation and left atrial findings of spontaneous
echo contrast and high signal on black blood double inversion recovery cardiac magnetic
resonance imaging, raising concern for a thrombus. However, this was ruled out with sub-
sequent bright blood cardiac magnetic resonance imaging demonstrating high signal with
transitory central swirling low signal in the left atrium. Thus, cardiac magnetic resonance
imaging can be used to demonstrate non-thrombotic low flow states in cases where contrast
is contraindicated.
© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

that demonstrates high signal at sites of normal blood flow
[4]. We present a case where LA SEC and high signal black
blood DIR cMR in the left atrium raised concern for occluded
flow. However, high signal with central low signal swirling on

Left atrial (LA) spontaneous echo contrast (SEC) is an echocar-
diographic finding that is associated with slow or occluded
blood flow [1-3]. Similarly, black blood double inversion re-
covery (DIR) is a cardiac magnetic resonance (cMR) imaging
sequence that demonstrates high signal at sites of slow or oc-
cluded blood flow. By contrast, bright blood is a cMR sequence
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bright blood sequence clarified that the former findings were
due to slow rather than occluded flow. Contrast-enhanced
cMR confirmed the absence of a thrombus. Therefore, black
blood DIR cMR with follow-up bright blood cMR can be used
to evaluate for slow or occluded blood flow where contrast is
contraindicated.
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Fig. 1 - Subcostal, 2-chamber echocardiographic view.
Diffuse low-level intraluminal echoes are demonstrated,
consistent with “smoke” artefact in the markedly dilated
LA (white star).

Case report

A 66-year-old woman presented to her cardiologist for follow-
up visit. She had a history of persistent atrial fibrillation (con-
firmed by Holter monitor 1 year prior), chronic kidney disease
(stage 3), severe asthma, hypertension, hyperlipidemia, and
bilateral total knee replacements. On examination, the patient
reported fatigue, chronic orthopnea, intermittent wheezing,
dyspnea on minimal exertion, and chest tightness on exer-
tion that would improve with rest. Her medication regimen in-
cluded Rivaroxaban, Losartan/Hydrochlorothiazide, Digoxin,
Rosuvastatin, Lasix, and Diltiazem.

Due to her symptoms, the patient underwent a TTE which
showed marked LA dilation with presence of spontaneous
echo contrast (SEC) (Fig. 1). Additionally, follow-up electrocar-
diogram confirmed that the patient was still in atrial fibrilla-
tion. She was also tested for coronary artery disease with a
pharmacological stress test with myocardial perfusion imag-
ing utilizing Regadenoson. The stress test showed no evidence
of ischemia or infarct and calculated the left ventricular ejec-
tion fraction as 54% with stress and 47% at rest.

Images from cMR with sequences that included black blood
DIR, bright blood, and intravenous contrast-enhanced were
obtained. Black blood DIR sequence demonstrated high signal
in the LA (Fig. 2), consistent with slow or occluded flow. How-
ever, bright blood sequence displayed high signal with cen-
tral swirling low signal in the LA (Fig. 3), indicating slow flow
rather than occluded flow. Bright blood cMR also confirmed

Fig. 2 - cMR black blood DIR axial image. High signal flow is
demonstrated filling the entire LA (white star).

Fig. 3 - cMR bright blood vertical long axis view. Severe LA
enlargement is demonstrated. Additionally, the entire
lumen is filled with bright signal intraluminal blood. Also
noted is swirling low signal intensity inflow of pulmonary
venous blood in the LA lumen (white arrows).

the marked dilation of her LA. Finally, the intravenous con-
trast enhanced sequence confirmed the lack of an intralumi-
nal thrombus (Fig. 4).

She was subsequently referred to an arrhythmia clinic.
There, she was put on a Holter monitor, which showed atrial
fibrillation with a maximum heart rate of 188 beats per
minute, extended periods of rapid ventricular response, and
an average heart rate of 89 beats per minute. Ablation was dis-
cussed, but due to her severely dilated atria, she was at high
risk of reverting back to atrial fibrillation. Instead, her medi-
cation regimen was optimized by ceasing the Losartan-HCTZ
and Diltiazem and starting Losartan and Diltiazem CD. She
was subsequently lost to follow-up.
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Fig. 4 - cMR horizontal long axis view with delayed
gadolinium enhancement. Filling of the LA cavity with
contrast-enhanced blood (white star) is demonstrated,
confirming lack of intraluminal thrombus. Left ventricular
myocardial enhancement is normal.

Discussion

LA SEC is an echocardiographic finding characterized by
smoke-like swirling in the LA cavity. It is associated with hy-
percoagulable states and stasis and considered a predictor for
past and future thromboembolism in patients with atrial fib-
rillation, mitral stenosis, or mitral valve repair [1-3]. Indeed,
one study of 78 patients with SEC found that SEC was the
only significant correlate of LA thrombus from among almost
a dozen variables [5].

Black blood DIR is a cMR sequence in which blood flow-
ing at a normal rate is nulled for enhanced visibility of the
internal borders of the cardiac walls [6] and atrial wall mor-
phology [4,7]. As a result, sites of decreased or disorganized
flow, including aortic aneurysms, aortic dissections, vessel oc-
clusions, and atrial fibrillation, paradoxically demonstrate in-
creased signal on black blood DIR [6]. By contrast, bright blood
is a cMR sequence that does not null normal velocity blood
flow and therefore demonstrates high signal at sites of nor-
mal blood flow [4].

In this patient, the findings from the black blood DIR cMR
of diffusely high intraluminal signal raised concern for a large
thrombus filling the entire LA cavity. However, the possibility
of a thrombus was effectively ruled out by the presence of high
signal completely occupying the LA on bright blood cMR imag-
ing. Still, consistent with the black blood findings of low blood
flow in the LA, the bright blood sequence also demonstrated

central swirling, low signal blood inflow from the pulmonary
veins. Therefore, the findings on cMR, using black blood DIR
and bright blood sequences, indicated slow flowing, but not
thrombosed, blood in the LA.

The absence of a LA thrombus was later confirmed in our
patient by utilizing a contrast-enhanced cMR sequence. In-
deed, contrast-enhanced cMR is significantly better at iden-
tifying cardiac thrombi than bright blood cMR [8,9]. However,
where contrast cannot be administered, such as in patients
with chronic kidney failure, bright blood sequencing can be
helpful for evaluating possible LA thrombi [10].

Also, the radiographically determined finding of slow flow
in the LA was supported and explained by persistent atrial fib-
rillation on both electrocardiography and Holter monitor.

This case demonstrates that high signal black blood DIR
pooling on cMR is analogous to SEC on TTE, in that they both
indicate slow or occluded blood flow. Therefore, in cases where
cMR contrast is contraindicated, black blood DIR cMR can be
utilized to evaluate a suspicion for a slow flow state or throm-
bus. Additionally, resulting high signal black blood findings
can be concerning for a thrombus but can be further evalu-
ated by use of bright blood sequencing. As a result, while cMR
is not traditionally considered a first line modality for evaluat-
ing low flow states, it can be used when necessary as a surro-
gate for SEC and to differentiate between low flow states and
thrombi by using a combination of black blood DIR and bright
blood sequences.

Conclusion

Cardiac magnetic resonance imaging can be used to demon-
strate non-thrombotic low flow states and rule out thrombo-
sis. Black blood DIR sequence can be used to demonstrate a
low flow state and bright blood sequence can confirm the ab-
sence of a thrombus. This finding is especially important in
cases where first line intravenous contrast studies cannot be
performed due to contraindication or otherwise.

Patient consent

Written informed consent for publication was provided by the
discussed patient.
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