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Usefulness of Spectral Cardiac Computed Tomography for the Evaluation
of Thrombotic Complications in Patients with Ischemic Stroke
Utilidad de la TC espectral cardíaca para la evaluación de complicaciones trombóticas en
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ABSTRACT
Objective: The aim of this study was to evaluate the usefulness of spectral cardiac computed tomography (CT) angiography in patients with ischemic stroke.
Methods: In the setting of COVID-19 pandemic, we incorporated the use of spectral cardiac CT in patients with ischemic stroke to
rule out the presence of cardioembolic sources, thrombotic complications or myocardial damage in a single session. Since July 2020,
delayed phase cases acquisition were incorporated to cardiac CT scans in the context of ischemic stroke. We describe four and two
with ischemic representative of the usefulness of the method and the cardiovascular findings.
Results: We present four cases recorded in a period of 40 days: two patients with cardioembolic source (aorta and left atrial appendage) and with ischemic stroke of undetermined source with evidence of cardiomyopathy (ischemic and non-ischemic).
Conclusions: In the setting of ischemic stroke, spectral cardiac CT with delayed acquisition could be useful to rule out the presence
of cardioembolic sources and identify the underlying etiology.
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RESUMEN
Objetivo: Evaluar la utilidad de la angiotomografía computada (TC) espectral cardíaca en pacientes con ataque cerebrovascular
isquémico (ACVi).
Materiales y métodos: En el contexto de pandemia de COVID-19 incorporamos la utilización de la TC espectral cardíaca en pacientes con ACVi para descartar en una única sesión, tanto fuentes cardioembólicas (FCE) como la presencia de complicaciones
trombóticas o daño miocárdico. A partir de julio de 2020 incorporamos una adquisición tardía a las TC cardíacas en contexto de ACVi.
Se presentan cuatro casos representativos sobre su utilidad y hallazgos cardiovasculares.
Resultados: Se presentan cuatro casos registrados en un lapso de 40 días. Dos pacientes con FCE (aorta y orejuela izquierda) y dos
con ACVi de origen indeterminado donde se evidenció miocardiopatía (isquémica y no isquémica).
Conclusiones: En el contexto del ACVi, la TC espectral cardíaca, que incluya una adquisición tardía, permitiría, eventualmente,
descartar la presencia de FCE e identificar la etiología subyacente.
Palabras clave: Angiografía por Tomografía Computarizada - Accidente Cerebrovascular - Trombosis - Tomografía Computarizada
Multidetector

INTRODUCTION

Cardiac computed tomography (CT) has many applications besides the assessment of coronary artery
anatomy, as the evaluation of myocardial perfusion
and characterization of cardiomyopathies. (1) In addition, the accuracy of cardiac CT scan to rule out

cardioembolic sources (CES) is equivalent to that of
transesophageal echocardiography (TEE). (2) Considering that up to 40% of acute ischemic strokes are due
to cardioembolism, many of these patients need specific evaluation of CES. Although TEE is the reference
standard, its availability is limited to the presence of
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experienced operators, it is associated with higher risk
of aspiration in patients with sensory impairment and
presents some contraindications, including esophageal disorders, gastrointestinal bleeding and coagulopathies. (3)
On the other hand, cardiac CT scan allows a better evaluation of left atrial appendage morphology, a
factor associated with higher risk of ischemic stroke,
and identification of CES in less prevalent sites as the
left ventricular apex and some segments of the aorta
which are difficult to evaluate with TEE. (4, 5)
Several studies have demonstrated the ability of
cardiac CT scan for the assessment of myocardial late
iodine enhancement (LIE). (6, 7) The recent incorporation of dual-layer spectral detector CT improves discrimination between tissues with similar density that
cannot be detected by conventional CT.
In cardioembolic stroke, delayed-phase images can
detect LIE, and discriminate between thrombi (typically “black” in delayed-phase images, with iodine content
close to zero), viable myocardium/aorta (intermediate
density with mild iodine content), and areas with focal
increase of extracellular volume (ECV) corresponding
to fibrosis, necrosis, or infiltrative processes (increased
iodine content). (8) The quantification of the ECV using cardiac magnetic resonance imaging with T1 mapping has gained particular interest over the past years.
(9, 10)
Several studies have demonstrated that cardiac
spectral cardiac CT improves the evaluation of myocardial perfusion, LIE, and intracavitary thrombi.
(11-13)
We have recently incorporated delayed-phase images to cardiac CT for the evaluation of ischemic stroke.
We describe four cases representative of the usefulness
of the method and the cardiovascular findings.

this way, it is possible to obtain multi-parametric information about density, reconstructions of virtual monochromatic images (VMI) and atomic number, among other parameters, which facilitate the discrimination between tissues
with similar density in images obtained with a single-energy
CT scan.
After intravenous administration of 60 to 70 mL of iodinated contrast (Ioversol, 350 mg/mL), images were obtained
using prospectively gated CT scanning during the arterial
phase, from the aortic arch to the diaphragm, if the patient
presented sinus rhythm and could collaborate. Five minutes
later, a prospectively ECG-gated scan was performed to obtain the images of the heart. The images were analyzed with
a dedicated software (IntelliSpace Portal 11, Philips Healthcare, Best, Netherlands) using VMI at 40-50 keV and iodine
mapping. The ECV was calculated at the level of the septum,
using the hematocrit measured in the same day, with the
equation ECV = (1 − hematocrit) × (iodine concentration
in the myocardium/iodine concentration in the ventricular
chamber).

METHODS

To yield an accuracy comparable to TEE for ruling out cardioembolic sources, cardiac CT requires late acquisition
3 minutes after the administration of the contrast agent.
Since July 2020 we have adopted the use of a low-dose (prospective ECG-gating) acquisition 5 minutes after contrast
administration to simultaneously evaluate the presence
of CES, cardiomyopathies, LIE, and coronary arteries in
a single session, without delaying the indicated treatment
of the ischemic stroke. We have introduced this strategy in
the context of the pandemic, where the availability of personal protective equipment and TEE operators is limited
and attempts have been made to limit their use because of
the risk of transmission. This strategy was also promoted
based on the publication of reports identifying myocardial
damage in up to 40% of COVID-19 patients. (14)
Images were acquired with a Philips IQon dual-layer
spectral detector CT scanner (Philips Healthcare, Best,
Netherlands). This type of technology allows simultaneous
acquisition of images using two energy levels as well as conventional CT images, enabling the discrimination between
the different mechanisms by which X-rays interact with
matter related with the attenuation coefficients of the materials: Compton scattering and the photoelectric effect. In

Ethical considerations

Written informed consent for the use of data was
obtained in all cases, and all procedures were in accordance with the ethical standards of the Helsinki
declaration.
RESULTS
Case #1

The first patient was a 73-year-old woman who was
a current smoker and had a history of chronic obstructive pulmonary disease. She was admitted with
aphasia (NIHSS: 6) of undetermined onset. The brain
MRI showed hyperacute ischemic lesions at the cortico-subcortical frontotemporal and left periventricular levels. The CT angiography showed a addle-like
thrombus in the bifurcation of the left middle cerebral
artery. Mechanical thrombectomy with stent retriever
and aspiration was performed, and a final grade 2b
reperfusion on the modified TICI scale was achieved.
The patient evolved with favorable outcome without complications. Seven days later, the patient underwent a cardiac CT scan to rule out CES. A 7 x 21
mm thrombus was detected in the tubular segment of
the aorta without iodine uptake (Figure 1, A and B),
with no thrombi in the left atrial appendage or left
ventricle. Myocardial ECV fraction was 29% (Figure 1
C), within normal limits.
Case #2

A 57-year-old male patient, with a history of type 2
diabetes and hypertension was admitted with diplopia and headache upon awakening, and unstable gait
of undetermined onset (NIHSS: 0). Blood pressure on
admission was 170/100 mm Hg and troponin values
were normal. The brain MRI angiography demonstrated acute ischemia of the posterior cranial fossa
without occlusion of the vessels explored. The patient
had a favorable outcome with symptom relief. A spectral cardiac CT scan performed (Figure 2) to evaluate the etiology of the ischemic stroke detected asym-
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Fig. 1. Conventional CT image (A) simultaneously obtained with spectral detector
CT. The dual layer spectral
detector allows identification of a thrombus (arrow) at
the level of the tubular segment of the ascending aorta,
settled on diffuse aortic atheromatosis. Iodine maps (B)
are used to calculate iodine
concentration of 0.15 mg/mL,
suggestive of a thrombus.
The myocardial extracellular
volume fraction calculated is
29% (C) for a hematocrit of
38%.

Fig. 2. Computed tomography coronary angiography
(A) Multiple focal and severe lesions are observed in
the distal third of the right
coronary artery (a), left anterior descending coronary
artery (b), diagonal and left
marginal arteries (d). Threechamber view (B) showing
septal hypertrophy (a), thickened mitral valve (b), and
intramyocardial fatty infiltration with patchy distribution
in the lateral wall (arrows).
Basal short-axis view (C) demonstrating fatty infiltration.
The conventional CT scan
with delayed phase images
(D) does not identify delayed
enhancement. After using reconstruction of virtual monochromatic images at low energy levels (E and F) a patchy
pattern of delayed enhancement is observed in the myocardium and subepicardium.

metric septal hypertrophy, with areas of linear shaped
intramyocardial fatty infiltration in the basal inferior
and lateral walls. Intramyocardial LIE was observed
in the mid inferior and lateral wall with a patchy distribution in the basal anterolateral wall, and with
preserved left ventricular function. Several foci of
atherosclerosis were present in the small vessels and
heart valve thickness was unexpectedly increased for
the patient’s age. The ECV fraction at the level of the
septum was 40% and 70% at the level of the lateral
area with maximum enhancement. These findings
were interpreted as non-ischemic-necrotic cardiomyopathy, which could correspond to a left-dominant
arrhythmogenic cardiomyopathy with hypertrophy
component. However, and although systolic function

was preserved, we could not rule out chemotherapyinduced cardiotoxicity due to the presence of lesions
in the coronary arteries, heart valves and myocardium
in a relatively young patient with a history of chemotherapy.
Case #3

A 74-year-old female patient with a history of permanent pacemaker and ischemic stroke five years
earlier was admitted with left hemiparesis and dizziness (NIHSS: 6) within 5 hours of symptom onset.
The cerebral CT angiography of the intracranial and
extracranial vessels and the perfusion scan showed
occlusion of the right posterior cerebral artery and
hypoperfusion in the territory of the ipsilateral pos-
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terior cerebral artery. The CT scan of the chest revealed bilateral peripheral ground-glass opacities
(undetermined pattern for COVID-19). The cerebral
angiography confirmed the occlusion of the P1 segment of the right posterior cerebral artery. The patient underwent thrombectomy with stent retriever,
achieving a final grade 3 reperfusion on the modified TICI scale. The patient evolved with hypertensive acute pulmonary edema (210/100 mm Hg) with
pro-BNP level of 6700 pg/mL and normal troponin
levels requiring mechanical ventilation for 24 hours.
The transthoracic echocardiogram reported an ejection fraction of 55%, absence of wall motion abnormalities and a moderately dilated left atrium. There
were no significant lesions on the carotid ultrasound.
The electrocardiogram showed atrial fibrillation and
pacemaker activity with appropriate sensing and
ventricular capture. The PCR test was negative for
SARS-CoV-2. On postoperative day four, a spectral
cardiac CT scan (Figure 3) to rule out CES revealed a
thrombus in the left atrial appendage and anticoagulation was started. There was no LIE and the ECV
fraction was 35%.

block and left anterior hemiblock with unspecific repolarization abnormalities. The transthoracic echocardiogram did not show wall motion abnormalities. As
the laboratory tests revealed rise and fall in cardiac
enzymes, the patient underwent coronary angiography evidencing coronary artery diffuse atheromathosis with multiple severe thrombotic lesions in the secondary branches. A stent was implanted in the distal
right coronary artery. A cardiac CT scan performed
to rule out CES (Figure 4) demonstrated diffuse atheromatosis of the coronary arteries with occlusions of
the posterior descending, left marginal and diagonal
coronary artery branches. There was an aneurysm in
the mid right coronary artery with an eccentric nonocclusive intramural thrombus. The spectral analysis
identified a severe perfusion defect in the inferior wall
with transmural LIE and evidence of microvascular
obstruction (no-reflow phenomenon, Figure 4 F-G).
The ECV fraction at the level of the septum was 38%
and 68% at the level of the lateral area with maximum
enhancement.

Case #4

The last patient was a 68-year-old man with a history of diabetes and smoking habits who was admitted
with left hemiparesis of 6-hours since onset. The patient had no fever, blood pressure was 184/112 mm Hg
and heart rate was 105 bpm. The brain MRI showed
a recent right-sided ischemic lesion in the cerebellum
and lenticulocapsular region and atheromatous infiltration of the basilar trunk, with moderate stenosis,
and non-significant diffuse atheromatosis in the other
territories. The patient underwent cerebral CT angiography which demonstrated the presence of diffuse
atheromatosis and mild to moderate stenosis of the
basilar artery. Medical therapy was started. The electrocardiogram showed complete right bundle branch

DISCUSSION

This case series represents a possible novel application of spectral cardiac CT in the context of ischemic
stroke to rule out the presence of CES and identify the
underlying etiology.
Spectral detector CT would allow detecting the
presence of thrombi (iodine content <1.3 mg/mL) by
facilitating the quantification of iodine content in a
given tissue without the need for delayed phase images, which are usually necessary with single-energy
CT. (15) As with this type of strategy images are acquired 5 minutes after the injection of the contrast
agent instead of 3 minutes later, the discrimination
of thrombi is facilitated by increasing the gradient
between enhanced (ventricular chamber and myocardium) and non-enhanced (thrombus tissues), and
the presence of LIE is simultaneously identified. In
Fig. 3. Thrombus (arrows)
in the left atrial appendage
identified with conventional
CT scan (A and B) and diffuse
calcification of the mitral
valve. Virtual monoenergetic
images at 40 keV, with absence of myocardial LIE (C).
(C). The use of iodine maps
(D-F) highlights the difference with the left atrium
and the low concentration
of iodine in the thrombus
(0.26 mg/mL). Delayed phase
images (E-F) allow better discrimination of the thrombus
(E) and calculation of myocardial ECV of 35% (F) for a
hematocrit of 36%. The presence of pacemaker and motion artifacts does not hinder
thrombus detection
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Fig. 4. Right coronary artery
aneurysm (A and B) with
extensive non-occlusive intramural thrombus (arrow
A). The posterior descending coronary artery presents
occlusive lesion (arrow B).
“Globe” reconstructions (C
and D) showing diffuse atheromatosis of the coronary
branch tree including occlusive lesions in the left marginal artery (C) and diagonal
artery (D). The conventional
CT scan (E) demonstrates a
subtle myocardial hypodensity in the inferoseptal wall
(arrow), while spectral images CT with iodine maps
allow the detection of a severe inferoseptal perfusion
defect (arrow F) with iodine
concentration of only 0.05
mg/mL and a mild perfusion
defect (1.87 mg/mL) in the inferior and inferolateral wall.
(G) Delayed-phase images
show transmural late iodine
enhancement in the inferior
and inferolateral wall (white
arrows) and a black area (yellow arrow) suggestive of microvascular obstruction/noreflow phenomenon.

the setting of ischemic stroke, where the relevance
of embolic stroke of undetermined source (ESUS) is
increasing, the hypotheses-generating findings of this
type of strategy could possibly shed some light on the
etiology. (16) Finally, spectral cardiac CT, which has
already been validated against cardiac MRI, allows
the quantification of ECV fraction, a novel surrogate
marker of interstitial fibrosis and of subtle preclinical
changes linked to cell damage or edema in different
cardiomyopathies, without need for the acquisition of
non-contrast images as with conventional CT. (10)
Patients with stroke usually have rhythm disorders with elevated heart rate, in addition to sensory
impairment and apnea intolerance; therefore, they do
not represent the ideal patients to obtain high-quality
imaging tests as in other clinical situations.
CONCLUSIONS

In the setting of ischemic stroke, spectral cardiac CT
scan with delayed-phase images could be useful to rule
out the presence of CES and identify the underlying
etiology.
Conflicts of interest

None declared.
(See authors’ conflicts of interest forms on the website/
Supplementary material)

REFERENCES
1. Goncalves P de A, Rodríguez-Granillo GA, Spitzer E, Suwannasom P, Loewe C , Nieman K, et al. Functional Evaluation of Coronary
Disease by CT Angiography. JACC Cardiovasc Imaging 2015;8:132235. https://doi.org/10.1016/j.jcmg.2015.09.003
2. Pathan F, Hecht H, Narula J, Marwick TH. Roles of Transesophageal Echocardiography and Cardiac Computed Tomography for
Evaluation of Left Atrial Thrombus and Associated Pathology: A Review and Critical Analysis. JACC Cardiovasc Imaging 2018;11:616627. https://doi.org/10.1016/j.jcmg.2017.12.019.
3. Hilberath JN, Oakes DA, Shernan SK, Bulwer BE, D’Ambra
MN, Eltzschig HK. Safety of transesophageal echocardiography. J
Am Soc Echocardiogr 2010;23:1115-27. https://doi.org/10.1016/j.
echo.2010.08.013.
4. Lupercio F, Carlos Ruiz J, Briceno DF, Romero J, Villablanca PA,
Berardi C, et al. Left atrial appendage morphology assessment for
risk stratification of embolic stroke in patients with atrial fibrillation: A meta-analysis. Heart Rhythm 2016;13:1402-9. https://doi.
org/10.1016/j.hrthm.2016.03.042
5. Rodríguez-Granillo GA, Rosales MA, Renes P, Diez E, Pereyra J,
Gómez E, et al. Chronic myocardial infarction detection and characterization during coronary artery calcium scoring acquisitions. J
Cardiovasc Comput Tomogr 2010;4:99-107. https://doi.org/10.1016/j.
jcct.2009.12.003.
6. Rodríguez-Granillo GA, Rosales MA, Baum S, Rennes P, Rodríguez-Pagani C, Curotto V, et al. Early assessment of myocardial viability by the use of delayed enhancement computed tomography after primary percutaneous coronary intervention. JACC Cardiovasc
Imaging 2009;2:1072-81. https://doi.org/10.1016/j.jcmg.2009.03.023.
7. Gerber BL, Belge B, Legros GJ, Lim P, Poncelet A, Pasquet A,
et al. Characterization of acute and chronic myocardial infarcts by
multidetector computed tomography: comparison with contrast-

USEFULNESS OF CARDIAC SPECTRAL CT / Gastón A. Rodríguez-Granillo et al.

521

enhanced magnetic resonance. Circulation 2006;113:823-33. https://
doi.org/10.1161/CIRCULATIONAHA.104.529511.
8. Li W, Yu F, Zhu W, Zhang W, Jiang T. Detection of left atrial appendage thrombi by third-generation dual-source dual-energy CT:
Iodine concentration versus conventional enhancement measurements. Int J Cardiol 2019;292:265-270. https://doi.org/10.1016/j.
ijcard.2019.04.079.
9. Haaf P, Garg P, Messroghli DR, Broadbent DA, Greenwood JP,
Plein S. Cardiac T1 Mapping and Extracellular Volume (ECV) in
clinical practice: a comprehensive review. J Cardiovasc Magn Res
2016;18:89. https://doi.org/10.1186/s12968-016-0308-4.
10. Lee HJ, Im DJ, Youn JC, Chang S, Suh YJ, Hong YJ, Kim YJ,
et al. Myocardial Extracellular Volume Fraction with Dual-Energy Equilibrium Contrast-enhanced Cardiac CT in Nonischemic
Cardiomyopathy: A Prospective Comparison with Cardiac MR
Imaging. Radiology 2016;280:49-57. https://doi.org/10.1148/radiol.2016151289.
11. Carrascosa PM, Deviggiano A, Capunay C, et al. Incremental
value of myocardial perfusion over coronary angiography by spectral
computed tomography in patients wit intermediate to high likelihood of coronary artery disease.et al. Eur J Radiol 2015;84:637-42.
https://doi.org/10.1016/j.ejrad.2014.12.013

12. Rodríguez-Granillo GA, Campisi R, Deviggiano A, de Munain
MNL, Zan M, Capunay C, Carrascosa P. Detection of Myocardial
Infarction Using Delayed Enhancement Dual-Energy CT in Stable Patients. AJR Am J Roentgenol 2017;209:1023-32. https://doi.
org/10.2214/AJR.17.18118.
13. Ohta Y, Kitao S, Yunaga H, Mukai N, Yamamoto K, Ogawa T.
Myocardial Delayed Enhancement CT for the Evaluation of Heart
Failure: Comparison to MRI. Radiology 2018;288:682-91. https://doi.
org/10.1148/radiol.2018172523.
14. Lala A, Johnson KW, Januzzi JL, Russak AJ, Paranjpe I, Richter
F, et al. Prevalence and Impact of Myocardial Injury in Patients Hospitalized With COVID-19 Infection. J Am Coll Cardiol 2020;76:53346. https://doi.org/10.1016/j.jacc.2020.06.007.
15. 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. https://doi.org/10.1161/CIRCIMAGING.112.000153.
16. Hart RG, Catanese L, Perera KS, Ntaios G, Connolly SJ. Embolic Stroke of Undetermined Source: A Systematic Review and
Clinical Update. Stroke 2017;48:867-72. https://doi.org/10.1161/
STROKEAHA.116.016414.

