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We present a case of cardioembolic stroke in a patient with a history of mechanical aortic valve who was compliant with

anticoagulation medication. Cardiac computed tomography was used as an alternative, noninvasive means of evaluation

for the cardioembolic source of stroke and identified subvalvular mobile pannus of the mechanical aortic valve.

(JACC Case Rep. 2024;29:102524) Published by Elsevier on behalf of the American College of Cardiology Foundation.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 60-year-old man with a history of ischemic stroke
4 weeks before presentation, atrial flutter, and a
modified Bentall procedure with a St Jude mechanical
aortic valve replacement, on warfarin and aspirin,
presented with a chief complaint of acute-onset left-
EARNING OBJECTIVES

To understand the role of cardiac computed
tomography as an alternative, noninvasive
imaging modality in the evaluation of car-
dioembolic sources of stroke.
To recognize the advantages of cardiac
computed tomography in the evaluation of
cardioembolic sources of stroke in patients
with mechanical valves as compared with
echocardiography.
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sided numbness as well as dysarthria. Vital signs on
presentation were within normal limits, and an elec-
trocardiogram showed a normal sinus rhythm. The
physical examination was notable for expressive
aphasia, left upper and lower extremity sensory def-
icits, and mild dysdiadochokinesia. An initial labora-
tory investigation was notable for an international
normalized ratio (INR) of 2.4, below the patient’s INR
goal of 2.5 to 3.5. Computed tomography (CT) and CT
angiogram of the head showed no acute intracranial
abnormality. Subsequent magnetic resonance imag-
ing of the brain revealed acute infarcts in multiple
vascular territories concerning for a cardioembolic
source of the stroke (Figure 1).

PAST MEDICAL HISTORY

The patient’s medical history was significant for
severe aortic stenosis status after undergoing a
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modified Bentall procedure with placement
of a St Jude Medical bileaflet mechanical
aortic valve 18 years before. The patient was
placed on warfarin for anticoagulation with
an INR goal of 2.5 to 3.5. A review of the
outpatient anticoagulation clinic records
revealed that before the current presenta-
tion, the patient had remained on consistent
dosing of warfarin with INRs in the desired
range. Aspirin had been recently added for
dual-antiplatelet equivalent therapy in the
setting of the patient’s recent ischemic
stroke. Other history included paroxysmal
E 1 Noncontrast Magnetic Resonance Imaging of the Head Sh

ning for Cardioembolic Etiology of Stroke

rfusion: an asymmetrically decreased area of cortical perfusion in

g. (B) Susceptibility weighted image: within the frontal lobe infar

sence of thrombus or slow flow in the distal middle cerebral arter

t frontal lobe and smaller patchy area seen in the parietal lobe in

ry (FLAIR): Hyperintense signal in the left frontal lobes, correlatin

ident on this image.
atrial flutter, controlled hypertension, nonobstructive
coronary artery disease, insulin-dependent type 2
diabetes mellitus, and hyperlipidemia.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for cardioembolic stroke
includes peripheral thrombus with intracardiac (right-
to-left) shunt, intracardiac tumor, left atrial
thrombus, left ventricular thrombus, perivalvular
thrombus, infective endocarditis, seronegative endo-
carditis, papillary fibroelastoma, mechanical valve
pannus formation, and aortic atheroma or thrombus.
owing Evidence of Acute Infarcts in Multiple Vascular Territories

the left frontal lobe (circle) that correlates with diffusion weighted

ct territory are areas of susceptibility blooming (arrow), suggesting

y. (C) Diffusion weighted image: large area of diffusion restriction in

dicating acute multifocal infarct. (D) Fluid-attenuated inversion

g with the diffusion weighted images. The left parietal territory is



FIGURE 2 Key Measurements of the Prosthetic Valve Function Obtained Using Transthoracic Echocardiography

(Top) Velocity time integral (VTI) measurements obtained using transthoracic echocardiography with continuous-wave Doppler of both the left ventricular outflow tract

and prosthetic aortic valve used to calculate the indexed prosthetic valve area. (Bottom) VTI measurements of the left ventricular outflow tract and prosthetic aortic

valve obtained using continuous-wave Doppler with transthoracic echocardiography used to calculate the dimensionless index.
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INVESTIGATIONS

A transthoracic echocardiography (TTE) demon-
strated normal mechanical aortic valve function (peak
velocity of 2.78 m/s, Doppler velocity index of 0.45,
and indexed prosthetic valve area of 1.04 cm2/m2)
with no evidence of pathologic obstruction, normal
contrasted images, and an early positive agitated sa-
line study suggestive of an atrial-level shunt
(Figure 2, Video 1). An evaluation for left atrial– and
mechanical valve–associated sources of stroke was
severely limited by a shadowing artifact from the
mechanical valve. Cardiac CT (CCT) was selected as a
noninvasive alternative to transesophageal echocar-
diography (TEE) to assess the aortic valve prosthesis
and atrial-level shunt and to rule out intracardiac
thrombus. CCT images revealed a small patent fora-
men ovale without a septal aneurysm and a well-
seated bileaflet mechanical aortic valve with a sub-
valvular mass prolapsing between the leaflets with
elevated Hounsfield units ranging between 179 and
220, which was consistent with a highly mobile pan-
nus (Figure 3, Video 2). The left atrial appendage, left
atrium, mitral valve, and left ventricle were all
assessed by CCT without evidence of thrombus,
vegetation, or other significant pathology.
MANAGEMENT

The patient was referred to a local valve center of
excellence for consideration of surgical management
of the identified subvalvular pannus. Because pannus
may serve as a nidus for thrombus formation, the
therapeutic anticoagulation target INR was increased
from 2.5 to 3.5 to 3.0 to 3.5 along with continued an-
tiplatelet therapy with aspirin with a plan for interval
imaging to re-evaluate the pannus.

DISCUSSION

Echocardiography, both TTE and TEE, is generally
considered the criterion standard and preferred im-
aging modality in the evaluation of cardioembolic
etiology of stroke.1,2 The initial TTE in this case
revealed a small atrial-level shunt and no evidence of
prosthetic valve dysfunction. Despite evidence of an
atrial shunt and no evidence on TTE of valvular
dysfunction, a high suspicion of a potential valvular
pathology remained, such as adherent thrombus of
pannus as the causative etiology of the patient’s
stroke. The 2020 American College of Cardiology/
American Heart Association guidelines for the
management of valvular heart disease recommend

https://doi.org/10.1016/j.jaccas.2024.102524
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FIGURE 3 Cardiac Computed Tomography Multiplanar Reconstruction of the Subvalvular Pannus

Multiple cardiac computed tomography images showing evidence of subvalvular pannus (crosshairs). Hounsfield units of the measured pannus (arrows) seen in bottom

left of image. Please refer to the videos for further images and videos of the pannus. AO ¼ aorta; CW ¼ continuous-wave Doppler; EOA ¼ effective orifice area;

LA ¼ left atrium; LVOT ¼ left ventricular outflow tract; PW ¼ pulsed-wave Doppler.
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(Class 1, Level of Evidence: C-LD) that in patients with
clinical symptoms concerning for potential valvular
dysfunction, further imaging with either TEE, gated
CCT, or fluoroscopy is performed even in the absence
of TTE findings.3 Because of the relatively high levels
of acoustic impedance in hard substances such as
stainless steel and molybdenum alloys found in me-
chanical valves, echocardiographic imaging modal-
ities are subject to severe limitations when evaluating
mechanical prosthetic valves because of acoustic
shadowing, and TEE is often less effective in the
evaluation of the anterior aspect of the aortic valve.4

CCT has been shown to perform well in the evalu-
ation of both mechanical valves and of cardioembolic
source of stroke, providing similar sensitivity, speci-
ficity, and negative predictive value to echocardiog-
raphy.5-8 In addition to the 2020 American College of
Cardiology/American Heart Association guidelines,
the 2024 guidelines for the evaluation of prosthetic
valve function with imaging from the American So-
ciety of Echocardiography also recognizes the role of
CT in the evaluation of prosthetic valves, citing the
ability of CT to evaluate valve morphology, structural
abnormalities, stenotic orifices, regurgitant orifices,
sewing ring complications, and perivalvular compli-
cations.9 Additionally, a meta-analysis comparing the
evaluation of prosthetic valve endocarditis between
CCT and TEE showed both imaging modalities had
good diagnostic accuracy; however, CCT was more
specific than TEE and had improved periannular di-
agnostics, further supporting the use of CCT in the
evaluation of mechanical valve complications.10

Given the superiority of CCT in these domains and
the noninvasive nature of the test, CCT was chosen as
the alternative imaging modality to assess for pros-
thetic valve dysfunction in this patient.

Mechanical aortic valve pannus formation is a rare
but potentially deleterious complication of mechani-
cal aortic valve replacement.11 The cumulative inci-
dence of pannus formation increases with the age of
the mechanical valve, rising from 0.5% in the first 10
years to 9.9% at 25 years.11 The exact cause of pannus
formation has not yet been elucidated. However, it is
believed to be a result of chronic inflammatory
changes resulting from valve implantation and is
histologically distinct from thrombus.12 This
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distinction can been observed on CT, with pannus
demonstrating high attenuation exceeding 145 HU,
whereas both acute and chronic thrombus have lower
attenuation.12,13 The ability to better characterize
mechanical valve pathology makes CCT an ideal im-
aging modality for the evaluation of mechanical valve
pannus or thrombus and represents a diagnostic
advantage when compared with traditional echocar-
diographic imaging.

FOLLOW-UP

The patient was discharged from the hospital with
plans to follow-up with the local valve center of
excellence at an outside hospital for consideration of
surgical management of subvalvular pannus. After
diagnosis, the therapeutic INR goal was increased to
3.0 along with continued antiplatelet therapy and a
plan for repeat imaging until definitive management
with surgery was obtained. Unfortunately, the patient
was lost to follow-up and died from unknown cir-
cumstances at an outside facility months afterward.
CONCLUSIONS

In this case, CCT identified a subvalvular mobile
pannus as the cardioembolic source of acute
ischemic stroke, hidden by shadowing artifacts from
the mechanical aortic valve on TTE. CCT is a useful
noninvasive adjunctive imaging modality in the
evaluation of cardioembolic source of stroke,
particularly for those with mechanical aortic valves
in whom echocardiography has limited sensitivity to
detect prosthetic abnormalities such as thrombus or
pannus.
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