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VIDEO HIGHLIGHTS

Video 1: Two-dimensional TTE, apical 4-chamber view,

demonstrates normal chamber dimensions, normal biventricular

systolic function, and diffuse SEC in all heart chambers using a

Phillips cardiac ultrasound system and a 2.5-MHz transducer.

Video 2: Two-dimensional TTE, apical 4-chamber view,

demonstrates normal chamber dimensions, normal biventricular

systolic function, and diffuse SEC in all heart chambers using a

GE cardiac ultrasound and a 3.3-MHz transducer.
INTRODUCTION

Spontaneous echocardiographic contrast (SEC) is a phenomenon
believed to be caused by red blood cell (RBC) aggregation in the
setting of abnormal blood flow. Spontaneous echocardiographic
contrast is a marker for hypercoagulability, most notably in the left
atrium during atrial fibrillation. Therapies for B-cell malignancies,
such as ibrutinib and lenalidomide, are associated with atrial fibrilla-
tion.1 Here we report a case of new-onset SEC in all 4 cardiac cham-
bers of a patient with a normal heart, observed after recent
commencement of ibrutinib for chronic lymphocytic leukemia
(CLL) and recovery from COVID-19 infection.
Video 3: Two-dimensional TTE, zoomed apical 4-chamber

view, demonstrates normal LV size and normal LV systolic

function without SEC obtained 4 months prior to this presen-

tation.

Video 4: Two-dimensional TTE, apical 4-chamber view with

exaggerated rib/lung artifact during respiration that created the

reduced echogenicity in the lateral wall.

Viewthevideocontentonlineatwww.cvcasejournal.com.
CASE PRESENTATION

A 66-year-old man with recently diagnosed CLL, known cerebrospi-
nal fluid involvement, and COVID-19 infection 1 month prior pre-
sented to the emergency department with syncope. Treatment for
CLL included daily ibrutinib 420 mg orally daily and 2 cycles of
weekly intrathecal methotrexate infusion, but the patient had missed
a scheduled third cycle.

Orthostatic vitals showed supine heart rate 103 bpm and blood
pressure 147/99 mmHg, which was 107 bpm and 147/97 mmHg af-
ter change in position. Physical examination showed no evidence of
jugular venous distension, peripheral edema, or murmurs or addi-
tional heart sounds. D-dimer at time of COVID-19 infection was
1,630 ng/mL fibrinogen equivalent units. Repeat COVID-19 testing
was negative. Electrolytes, transaminases, and creatinine were within
normal range. Sequential high-sensitivity troponin T levels were not
significantly elevated at 21, 19, and 24. B-type natriuretic level was
not measured. Recent prothrombin time was 11.2 seconds, interna-
tional normalized ratio, 1.0. Electrocardiogram showed heart rate
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104 bpm, sinus rhythm, normal axis, without P or QRS voltage abnor-
malities, and no ST-T wave changes, unchanged from prior studies.
The patient was admitted for further testing.

Transthoracic echocardiogram (TTE) showed left ventricular (LV)
ejection fraction of 69%, as measured using two-dimensional biplane
modified Simpson’s method. Left ventricular end-diastolic volume
(two-dimensional biplane) was measured as 29.8 mL/m2 (normal,
34 # end-diastolic volume index < 75), with the caveat that this
may have been an underestimation due to foreshortened apical im-
ages. Left ventricular outflow tract stroke volume index was measured
at 36 mL/m2 (normal, >35 mL/m2). Left ventricular mass, LV wall
thickness and diastolic function (including E/e’), pulmonary pressures,
and right ventricular function parameters were within normal range.
No valvular abnormalities were noted.

The TTE was unchanged from 4 months prior, with the exception
of new, severe SEC observed throughout the study and in all 4 cham-
bers. No perflutren lipid microsphere, agitated saline, or other ultra-
sound contrast agents were administered at any point during the
studies. Institutional experience has noted artefactual, brand-specific
disturbances caused by exposure to ultrasound-emitting devices. To
rule out technical artifacts, the patient was examined with 2 different
cardiovascular ultrasound machines with 2.5 MHz and 3.3 MHz
respective transducers, as higher ultrasound frequencies have been
described as important for the diagnosis of SEC.2 Both transducers
273
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Figure 1 Two-dimensional TTE, apical 4-chamber view, diastolic phase, demonstrates diffuse SEC in all heart chambers. (A) Phillips
cardiac ultrasound system using a 2.5-MHz transducer. (B) GE cardiac ultrasound system using a 3.3-MHz transducer.
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reproduced the findings (Figure 1, Videos 1-3). Normal ventricular
wall thickness and LV apex anatomy were confirmed by image anal-
ysis of a chest computed tomography study 1 day after the TTE
(Figures 2 and 3, Video 4). We were unable to perform strain imaging
as our strain software was unable to distinguish myocardial speckles
from the blood pool spontaneous contrast.3

DISCUSSION

Spontaneous echogenic contrast is an echocardiographic finding most
commonly seen in the left atrium of patients with atrial fibrillation dur-
ing transesophageal echocardiography and has prognostic implica-
tions as a marker of hypercoagulability. The precise pathophysiology
of SEC is still unknown but is generally understood as a phenomenon
related to clinical and echocardiographic parameters. Early studies
Figure 2 Chest computed tomography image demonstrating norma
4-chamber (top left), oblique coronal, short-axis (bottom left), and o
represents the volume-rendered display highlighting the skeletal str
have identified RBC rouleaux formation as a requirement for SEC for-
mation, a concept supported by the correlation between SEC and
increased RBC distribution width (RDW).4-8 Subsequent studies
also showed a concentration-dependent relationship between hemat-
ocrit and fibrinogen levels in developing SEC, most evident at moder-
ately low hematocrit levels.9 The role of other whole blood
components in the formation of SEC is unclear, with some evidence
suggesting that activation of leukocytes and platelets drives the forma-
tion of echogenic cell aggregates.10,11

The presence of SEC in all 4 chambers despite normal cardiac anat-
omy has been reported previously. In the prior case, the patient had a
notable history of immune thrombocytopenic purpura and presented
with autoimmune hemolytic anemia and macrocytosis.12 In compar-
ison, our patient had a long-standing microcytic anemia for the past
2 years and a hematologic malignancy. In both cases it can be
l ventricular wall thickness and LV apex anatomy in oblique axial,
blique sagittal, 2-chamber (bottom right) views. Top right image
uctures.



Figure 3 Chest computed tomography (CT) image demonstrating how a rib and the lung track anterior to the apex, helping to explain
the noted differences in septal versus lateral wall echogenicity seen on TTE. The CT images are displayed in oblique axial, 4-chamber
(top left), oblique coronal, short-axis (bottom left), oblique sagittal, 2-chamber (bottom right), and volume-rendered (top right) displays.
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postulated that the presence of SEC is a reflection of change in the he-
matologic milieu. Review of previous and current blood work showed
that hemoglobin, hematocrit, and overall white blood cell count were
largely unchanged between past and current values, but there were
observable increases in the mean corpuscular volume and RDW
(Table 1). While progression of CLL may be one explanation for the
development of SEC, the lack of significant overall leukocytosis is ev-
idence against a hyperviscous state, as seen in Waldenstrom macro-
globulinemia. Increased RDW and mean platelet volume have both
been correlated with SEC.8,10,11

The degree of SEC appears to be notably more severe in our pa-
tient compared with the case reported by Kanyal and colleagues.12

‘‘Severe’’ SEC refers to dense smoke that appeared throughout the
entire chambers. A number of different grading systems have been
used to assess SEC (mainly with regard to the left atrium). For
example, 0 indicates no smoke, 1+, mild smoke visible in some
Table 1 Complete blood count with differential values at time of p

Component (reference range and units)

Previo

echocardiogra

White blood cells (3.70-11.00 thousand cells/mcL) 14.8

RBC (4.20-6.00 million cells/mcL) 3.85

Hemoglobin (13.0-17.0 g/dL) 9.1

Hematocrit (39.0%-51.0%) 27.2

Mean corpuscular volume (80.0-100.0 femtoliter) 70.8

RDW (11.5%-15.0%) 17.2

Platelet count (150-400 thousand cells/mcL) 264

Mean platelet volume (9.0-12.7 femtoliter) 7.6
portion of the chamber, and 2+, dense smoke that appears
throughout the entire chamber.13 An alternative system describes
grade 0 as no SEC, grade 1 as mild, grade 2 as moderate, and grade
3 as severe.14

An important feature of our case is the sudden onset of SEC. No
SEC was present during a stress TTE 4 months prior, despite the
confirmed presence of RBC rouleaux formation and anemia at that
time (Video 3). Two notable clinical events occurred between the
initial TTE and the subsequent study showing diffuse SEC. The pa-
tient’s recent history of COVID-19 infection is potentially relevant
given the findings reported by Connor-Schuler et al.15 In a retrospec-
tive study, SEC was detected in greater than 50% of COVID-infected
patients admitted to the intensive care unit, albeit on point-of-care,
venous ultrasound examination.15 The presence of SEC was more
likely to be present when the d-dimer level was greater than
5,000 ng/mL (specificity, 0.97) and was associated with an odds ratio
revious and current echocardiogram

us

m (– SEC)

Two weeks prior

to ibrutinib therapy

Current

echocardiogram (+SEC)

7.89 9.81

2.77 3.36

6.8 8.8

20.0 26.0

72.2 77.4

16.4 19.1

485 219

10.1 9.2



Figure 4 Increase in RDWafter commencement of ibrutinib. Day
1 shows the data closest to previous TTE (1 month after study),
day 33 (green) is hospital admission for COVID-19 infection, day
60 (red) represents 7 days after starting ibrutinib therapy, and
day 76 represents time of TTE with severe diffuse SEC.
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of 7 for clot development. In our patient, the combination of elevated
d-dimer at the time of COVID-19 infection andmild low hematocrit is
consistent with the fibrinogen-RBC interdependence on SEC forma-
tion.7

Initiation of ibrutinib may be another important contributing factor
to the onset of SEC, as ibrutinib therapy has a known association with
development of atrial fibrillation.1 While our patient did have an addi-
tional risk factor for atrial fibrillation (hypertension), several observa-
tions led us to believe that atrial fibrillation was unlikely. Extensive
care was taken to inquire about the presence or history of palpitations,
which the patient denied. Structural cardiac risk factors for atrial fibril-
lation were then ruled out with TTE, including the absence of left atrial
enlargement and LV hypertrophy. Finally, initial and repeat electrocar-
diograms showed sinus rhythm without irregularity or concern for
inappropriate atrial activity. The absence of atrial fibrillation on contin-
uous cardiac telemetry monitoring for the duration of the admission
(7 days total) further supported our decision not to pursue outpatient
rhythm monitoring.

No clear relationship was identified between ibrutinib and the
onset of SEC in our case, beyond the initiation of therapy. The patient
had been prescribed 420 mg orally daily, a standard regimen indi-
cated for CLL. Therapy had been initiated 20 days prior to presenta-
tion, continued during admission for a total of 15 days, and received
the day of the TTE. Only aspirin was identified as a drug interaction
due to antiplatelet properties, and no other CYP3A4 metabolized
medications were identified. Themechanism of action for ibrutinib in-
volves inhibiting lymphocyte adhesion and migration.16 Direct testing
would be required to determine whether the increased intravascular
leukocyte dispersion results in further RBC rouleaux formation and/
or viscosity changes that produce SEC. Interestingly, there was a
notable and sustained increase in the RDW following initiation of ibru-
tinib therapy (Figure 4).
CONCLUSION

Spontaneous echocardiographic contrast is presumed to be a reflec-
tion of combined low blood flow and erythrocyte aggregation, as in
the left atrium during atrial fibrillation. Here we report a case of
SEC in a structurally normal heart, developed after initiation of ibru-
tinib for CLL, after resolved COVID infection, and in the absence
of atrial fibrillation. Spontaneous echocardiographic contrast may be
underappreciated in B-cell malignancies after chemotherapy initiation
and/or post-COVID infection.
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