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ABSTRACT 

RATIONALE 
About one third of ischemic strokes are caused by cardioembolism, and a substantial 
proportion of cryptogenic strokes likely also originate from the heart or aortic 
arch. Early determination of etiology is important to optimize management. CT-
angiography (CTA) of the heart is emerging as an alternative to echocardiography 
to detect cardio-aortic sources of embolism in stroke patients, but its diagnostic 
yield in acute ischemic stroke has not been thoroughly assessed. 

HYPOTHESIS 
We hypothesize that ECG-gated CTA of the heart and aortic arch, acquired in 
the acute phase in patients with ischemic stroke, has a higher diagnostic yield 
than transthoracic echocardiography (TTE) as a first-line screening method for 
detection of cardio-aortic sources of embolism.  

METHODS AND DESIGN 
Mind the Heart is a single-center prospective observational cohort study. We will 
include consecutive adult patients with acute ischemic stroke who are potentially 
eligible for reperfusion therapy. Patients undergo non-ECG-gated CTA of the aortic 
arch, cervical and intracranial arteries, directly followed by prospective sequential 
ECG-gated cardiac CTA. Routine work-up for cardioembolism, including 12-leads 
ECG, Holter ECG, and TTE is performed as soon as possible. The primary endpoint 
is the proportion of patients with a predefined high-risk cardio-aortic source of 
embolism on CTA versus TTE in patients who underwent both investigations. 
Based on an expected 5% additional yield of CTA, a sample size of 450 patients is 
required.   

CONCLUSIONS  
The Mind the Heart study will generate a reliable estimate of the diagnostic yield 
of ECG-gated cardio-aortic CTA performed in the acute phase of ischemic stroke. 
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INTRODUCTION AND RATIONALE 

It is estimated that up to one third of ischemic strokes are due to cardioembolism.1, 2 A 
common cardioembolic cause of stroke is a thrombus in the left atrial appendage due 
to (paroxysmal) atrial fibrillation, while less frequent causes include left ventricular 
thrombus following recent myocardial infarction, endocarditis, prosthetic valve 
pannus or thrombus, and cardiac tumors. Moreover, in a substantial proportion 
of patients with non-lacunar ischemic stroke, routine diagnostic work-up fails to 
identify a cause, so-called embolic strokes of undetermined source (ESUS).2 Cardio-
aortic abnormalities with a medium risk of embolism, such as patent foramen ovale 
(PFO), left atrial appendage slow flow and atherosclerotic plaques in the aortic 
arch,3, 4 are thought to be important causes of ESUS.  

Establishing stroke etiology is essential for optimizing patient management, 
including secondary stroke prevention. Furthermore, two recent trials have shown 
that treating all ESUS patients with direct oral anticoagulants (DOACs) instead of 
antiplatelets does not reduce the rate of recurrent stroke, which indicates that it 
is important to distinguish etiology within the ESUS category and study targeted 
therapies.5, 6 

As diagnostic work-up for potential cardioembolism, current guidelines 
recommend 12-lead ECG and cardiac rhythm monitoring to search for atrial 
fibrillation and transthoracic and transesophageal echocardiography (TTE and 
TEE) to identify intra-cardiac thrombi and other structural sources of embolism.7 
However, visualizing cardiac thrombi with echocardiography is challenging and 
diagnostic yield of echocardiography for detection of high-risk cardiac sources of 
embolism is generally limited. A large systematic review on echocardiography in 
patients with ischemic stroke and transient ischemic attack (TIA) reported a variable 
prevalence of high-risk cardiac sources of embolism ranging from 0% to 9%.8 This 
variability was attributed to heterogeneity in study populations and methodological 
limitations of the included studies.  

Furthermore, for logistical reasons (lack of time, limited availability of personnel 
and equipment, and patient-related factors), echocardiography is often delayed until 
the subacute or chronic phase after stroke, at which time the source of the embolism 
may have disappeared.9 Finally, not all patients with stroke of undetermined etiology 
receive echocardiography – especially TEE.10, 11 This may be explained in part due 
to logistical reasons, and because TEE is invasive, may require sedation and carries 
a small risk of complications.12

Studies suggest that cardiac CT-angiography (CTA) may be a promising 
alternative to echocardiography for the detection of cardiac thrombi and other 
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cardio-aortic sources of embolism.13-16 Now that CTA of the cervical and intracranial 
arteries is routinely done to determine eligibility for endovascular treatment 
(EVT), and additional radiation associated with cardiac CTA is low with modern 
CT scanners,17 cardiac and complete aortic arch CTA could relatively easily be 
included in the acute phase imaging protocol. This could result in faster diagnosis 
and improved treatment of cardioembolic stroke and reduce the number of patients 
with ESUS. Previous small studies have demonstrated heart-brain axis CTA in the 
acute phase of ischemic stroke is feasible and has a promising diagnostic yield.18-21 
However, large prospective studies comparing the diagnostic value of acute phase 
cardiac CTA versus echocardiography in ischemic stroke patients have not been 
performed. 

The hypothesis of the Mind the Heart study is that ECG-gated CTA of the heart 
and aortic arch in patients with acute ischemic stroke has a higher diagnostic yield 
than TTE as a first-line screening method for the detection of cardio-aortic sources 
of embolism. 

METHODS  

STUDY DESIGN, ELIGIBILITY, CONSENT 
Mind the Heart is a prospective observational single-center cohort study, performed 
at Amsterdam UMC, a comprehensive stroke center in the Netherlands. We will 
include consecutive adult patients with acute ischemic stroke who – at the time of 
imaging – are considered potentially eligible for reperfusion therapy (intravenous 
thrombolysis [IVT] or EVT) (Table 1). Since May 2018, patients with (suspected) 
acute ischemic stroke undergo ECG-gated cardiac CTA as part of the standard care 
diagnostic work-up in our hospital. The implementation of ECG-gated cardiac CTA 
was done gradually as CT technologists received training on the new protocol. Stroke 
diagnosis is established by a neurologist, based on clinical evaluation, imaging data 
and exclusion of other diagnoses. Patients with TIA are excluded from the study. 
The medical ethics committee of Amsterdam UMC, location AMC approved the 
study (2018_017#C2018275) and the study protocol was registered at the Dutch 
Central Commission for Human Research (CCMO) (NL64139.018.18). Patients 
or their legal representatives are asked for written informed consent for the use of 
patient data for research purposes and follow-up. 
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TABLE 1. Inclusion criteria

1. Age ≥ 18 years
2. Acute ischemic stroke 
3. Potentially eligible for reperfusion therapy (intravenous thrombolysis,  
 endovascular treatment) at the time of imaging
4. ECG-gated cardiac CT-angiography performed as part of the initial
 diagnostic work-up in the acute phase of ischemic stroke
5. Written informed consent from patient or representative

FIGURE 1. Code stroke practical workflow  

CTA indicates CT-angiography; ECG, electrocardiography; EVT, endovascular treatment; IVT, 

intravenous thrombolysis; rtPA, recombinant tissue plasminogen activator.

Patients with suspected acute ischemic stroke are presented by the ambulance paramedics directly 

in the CT-room. ECG-leads are placed prior to imaging. Non-contrast enhanced CT of the brain, CT 

perfusion, non-gated CTA from the aortic arch to the intracerebral vessels are performed in supine, 

head first position with arms along body. Arms are then repositioned above head, followed by ECG-

gated cardiac CTA, and IVT and/or EVT if indicated. If rtPA is ready for administration prior to cardiac 

CTA, IVT is administered prior to cardiac CTA. The patient receives IVT in the CT-room.  

CT-perfusion

CT-angiography

yes not yet

Clinical evaluation

Non contrast CT
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STUDY PROCEDURES 
Image acquisition 
Acquisition is done on a third-generation dual-source CT scanner (Somatom Force, 
Siemens Healthineers, Erlangen, Germany), which is located in the emergency 
department of the hospital. After a brief clinical examination in the CT-scan room, 
patients sequentially undergo non-contrast enhanced CT of the brain, CT-perfusion, 
non-gated CTA of the aortic arch, cervical and intracranial arteries, and prospective 
ECG-gated sequential cardiac CTA scan in diastole. Prospective ECG-gating entails 
that the scanner is triggered to scan the heart only during a predetermined phase of 
the cardiac cycle, as opposed to retrospective ECG-gating in which all phases are 
scanned and images of the phase of interest are selected retrospectively. For the 
code stroke practical workflow see Figure 1. Technical details of the CTA protocol 
are available in Data Supplement I. 

Acquisition times are recorded for each step of the imaging protocol. Radiation 
dose to the patient in Dose Length Product (DLP) is registered and used to calculate 
the effective dose with the latest conversion guidelines. 

Patients also undergo routine work-up for cardioembolism (ECG, Holter, TTE) 
in accordance with our national stroke guideline.22 Patients who do not require 
echocardiography as part of routine care undergo TTE as a study procedure, after 
informed consent. Patients <60 years undergo contrast TTE with agitated saline 
for the detection of PFO. TTE is performed as soon as possible, preferably within 
72 hours of cardiac CTA. The decision to perform TEE in addition to TTE is at the 
discretion of the cardiologist. 

Image interpretation  
The on-call radiologist reports the images of the brain, extra- and intracranial 
arteries and screens for chest/cardiac findings that may directly impact patient 
management (e.g. acute aortic dissection, cardiac thrombus and pulmonary 
embolism). Subsequently, a comprehensive assessment of the heart, aortic arch, and 
lungs is performed by a cardiac radiologist (R.N.P. or A.v.R.). Additional findings to 
the initial clinical report are communicated to the treating physician. TTE (and TEE, 
if performed) is evaluated by the on-call cardiologist, followed by a comprehensive 
assessment by cardiologist S.M.B. or B.J.B. Similar to CTA, additional relevant 
findings to the initial clinical report are communicated to the treating physician. For 
both CTA and TTE, predefined structural sources of embolism from the heart and 
aortic arch (Data Supplements II and III) are systematically scored using a template. 
The cardiac radiologists and cardiologists who perform systematic scoring for 
study purposes are blinded to each other’s assessment.  
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Clinical data acquisition, patient follow-up and stroke etiology
Detailed clinical information at baseline and follow-up are collected in a standardized 
manner using Castor Electronic Data Capture (EDC),23 an electronic case report 
form platform. At 3 month and 2 year follow-up a structured interview by telephone 
is performed in order to determine functional outcome,  expressed on the modified 
Rankin Scale (mRS). During the follow-up, we record secondary stroke prevention 
measures including medication and interventions, whether patients were treated 
for any cardio-aortic abnormalities, and whether a recurrent stroke or TIA has 
occurred. A comprehensive assessment of the carotid arteries, including evaluation 
for presence of non-stenotic plaques24, 25 and carotid artery webs,26 is performed 
by a neuroradiologist. An adjudication committee consisting of a neurologist, 
neuroradiologist, cardiac radiologist and cardiologist determine stroke etiology 
according to the TOAST criteria,27 based on all acquired information. ESUS is 
diagnosed according to published criteria.2

OUTCOMES 
The primary outcome is the proportion of patients in whom a predefined high-
risk cardio-aortic source of embolism is established with CTA, compared to TTE, 
in patients who underwent both investigations. High-risk cardio-aortic sources 
of embolism have been chosen based on available literature2,27-29 and consensus 
within the steering committee, and are: left atrial appendage thrombus, left atrium 
thrombus, left ventricular thrombus, prosthetic valve abnormalities (pannus or 
thrombus), signs of endocarditis (e.g. valvular vegetations), severely enlarged left 
ventricle, atrial myxoma, papillary fibroelastoma, recent myocardial infarction, sings 
of rheumatic valvular disease (mitral stenosis), >4 mm ulcerated noncalcified (soft 
and mixed) aortic arch atherosclerotic plaques, and Stanford Classification Type 
A acute aortic dissection. For detailed definitions of each cardio-aortic source on 
CTA and TTE, see Data Supplements II (high-risk) and III (medium/low-risk).    

Secondary outcomes are: (1) comparison of two diagnostic strategies (CTA vs 
TTE), expressed as proportion of patients in which a high-risk cardio-aortic source 
is established with CTA, compared to TTE. Unlike in the primary analysis, in this 
analysis all enrolled patients are included, i.e. also those in whom TTE was not 
performed for whatever reason. This analysis provides insight into the diagnostic 
yield of each imaging technique in daily clinical practice; (2) inter-observer 
variability of cardio-aortic CTA reading; (3) impact of cardiac CTA findings and 
TTE findings on patient management, defined as change in medical management 
(anticoagulation, antibiotics, heart failure therapy) or any surgical or endovascular 
procedures in relation to the cardio-aortic finding; (4) differences between women 
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and men in terms of prevalence, subtype, treatment and outcome of cardio-aortic 
causes of acute ischemic stroke.  

SAMPLE SIZE 
The sample size calculation is based on the additional diagnostic yield of CTA 
compared to TTE for high-risk cardio-aortic causes of acute ischemic stroke, using 
assumptions that are based on a combination of preliminary data from our hospital 
and available literature.14  A sample size of 337 patients, each with CTA and TTE 
data, will achieve 80% power to detect an additional diagnostic yield of 5%, using 
a two-sided McNemar test with binomial enumeration with a significance level 
of 0.05 (Exact Sign test of Equality of Paired Proportions in nQuery Sample Size 
Software version 8.4.1.0, Statsols). Such an additional diagnostic yield occurs if the 
proportion of all patients, for whom TTE does not identify cardio-aortic causes, 
but CTA does, is 0.075. And if the proportion of all patients, for whom CTA 
does not identify cardio-aortic causes, but TTE does, is 0.025. Hence, the total 
proportion of all patients with discordant TTE and CTA results is 0.100. Assuming 
that 75% of included patients undergo both CTA and TTE, we chose a total sample 
size of 450 patients. 

STATISTICAL ANALYSES 
To determine the diagnostic yield of CTA and TTE for detection of high-risk cardio-
aortic causes of stroke, data of patients who underwent both CTA and TTE, will be 
analyzed by using a two-sided McNemar test with binomial enumeration (Mid-P 
Exact) and a significance level of 0.05.  

For the comparison of two diagnostic strategies (secondary outcome 1), we will 
impute missing data using multiple imputation based on relevant covariates and 
outcome, and then perform conditional logistic regression.  

Inter-observer variability for CTA findings (secondary outcome 2) will be 
determined by calculating Cohen’s Kappa. Two cardiac radiologists independently 
evaluate high-risk cardio-aortic sources of embolism in a proportion of patients 
included in the study. Concordance between readers is defined as agreement on 
the presence or absence of all high-risk sources of embolism in that particular 
patient. In addition, we will score agreement between readers for each separate 
high-risk cardio-aortic cause of embolism. Assuming a minimum Kappa of 0.60, and 
an anticipated Kappa of 0.80, a sample of 52 patients is required if the prevalence of 
high-risk sources of embolism is 30%.30 In order to achieve the 30% prevalence rate, 
we will select a stratified sample with a relative overrepresentation of patients with 
cardio-aortic abnormalities compared to the study population. 
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To study the impact of cardiac CTA findings on patient management (secondary 
outcome 3), patients who received treatment (change in medical management, 
surgery or endovascular intervention) for cardio-aortic abnormalities on CTA will be 
descriptively reported, including the time from stroke diagnosis and establishment 
of etiology to treatment.  

To determine sex differences (secondary outcome 4), a stratified analysis for sex 
will be performed, including stratification per age group. Baseline characteristics 
will be summarized using descriptive statistics. Two-sided independent T-test will 
be used for comparison of continuous data, Chi-Square test or Fisher’s exact test 
for comparison of proportions, whichever is appropriate.  

Statistical analyses will be performed using IBM SPSS Statistics for Windows, 
version 24.0 (Chicago, Ill, USA).

STUDY LAUNCH AND ENROLLMENT 
The first patient was enrolled in the Mind the Heart study on May 15 2018. At the 
time of submission (June 30 2020), 358 patients had been enrolled.  

DISCUSSION 

The overarching aim of the Mind the Heart study is to determine the diagnostic 
yield of ECG-gated cardiac CTA, performed in the acute phase work-up of 
ischemic stroke, compared to TTE. If the data indicate that cardiac CTA has a 
similar or higher diagnostic yield than TTE, cardiac CTA may become an alternative 
to echocardiography to diagnose cardio-aortic sources of embolism in stroke 
patients. Moreover, since cardiac CTA can be performed relatively easily in the 
acute stroke diagnostic work-up, it could lead to faster diagnosis and improved 
treatment of cardioembolic stroke and reduce the number of patients who are 
diagnosed with ESUS.  

In the Mind the Heart study, prospective ECG-gated cardiac CTA is performed 
instead of non-gated or retrospective ECG-gated cardiac CTA. The major 
advantage of prospective ECG-gated cardiac CTA is that it produces better quality 
images of the moving cardiac chambers and structures than non-gated CTA and 
requires less radiation than retrospective ECG-gated CTA.31 In contrast, the main 
advantage of non-gated cardiac CTA is fast acquisition, which makes it easier to 
implement in an acute ischemic stroke setting. The largest study on acute phase 
non-gated CTA of the heart-brain axis thus far found high-risk cardio-aortic causes 
of ischemic stroke in 15% of patients, but also reported poor cardiac image quality 
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in 40% of patients.20 Higher image quality improves assessment reliability and likely 
increases diagnostic yield. The benefit of retrospective ECG-gated cardiac CTA is 
cardiac chamber visualization throughout all phases of the cardiac cycle, which may 
increase the chance to acquire high-quality images in patients with atrial fibrillation 
or other heart rhythm irregularities and provides richer data on cardiac function. 
To the best of our knowledge, there is only one study of acute phase retrospective 
ECG-gated cardiac CTA in ischemic stroke patients,21 but this study did not include 
data on diagnostic yield. 

We chose TTE as comparator instead of TEE because TTE is recommended as the 
first-line screening method for imaging of the heart in ischemic stroke patients with 
suspected cardioembolic source12 and is part of the standard stroke work-up prior 
to classification as ESUS.2 TEE is infrequently performed in ischemic stroke patients, 
and generally only in selected patients and after TTE.11 The Mind the Heart study 
aims to compare the yield of CTA with echocardiography as performed in routine 
clinical care, and as such, using TTE as a comparator is more representative. Ideally, 
for a comparison of diagnostic yield, TTE and cardiac CTA would be performed at 
the same time. However, performing TTE as part of the initial acute phase work-up 
is not feasible without causing significant delay in reperfusion therapy. Doing so 
for the purpose of the study would not reflect clinical practice and would decrease 
the quality of care. Still, in order to minimize the time difference between the two 
diagnostic tests, we strive to perform TTE within 72 hours of CTA. Performing TTE 
at this time is quicker than typically reported in other studies in stroke patients.5, 16, 32  

As our primary outcome we chose the diagnostic yield of cardiac CTA versus 
TTE, and not diagnostic accuracy of CTA versus TTE. We did so because we 
believe that due to the lack of a true gold standard for many cardio-aortic sources of 
embolism, presenting results in terms of sensitivity/specificity does not necessarily 
reflect the truth.16 Especially in cases in which TTE is more likely to present false 
negative results, diagnostic accuracy does not do justice to the potential value 
of CTA.16 Diagnostic yield takes into account certain unique, non-overlapping 
qualities of both CTA and TTE.

If acute phase ECG-gated cardiac CTA has a higher diagnostic yield than TTE 
as a first-line screening method for detection of cardio-aortic sources of embolism, 
an important follow-up question would be what the influence of cardio-aortic CTA 
findings are on patient management. For certain findings such as endocarditis and 
aortic dissection, acute phase cardiac CTA likely increases the chance of correct 
diagnosis and management.33 However, evidence-based targeted management 
strategies are not yet available for stroke patients with other cardio-aortic findings, 
such as large (ulcerated) plaques in the aortic arch.34 The optimal acute phase 
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management of stroke patients with cardiac thrombi is also unclear. Studies suggest 
that early initiation of DOACs prevent early recurrences of embolic stroke due to 
atrial fibrillation, with low frequency of symptomatic intracerebral haemorrhage.35 
Applying cardiac CTA in the acute phase may help stratify which patients benefit 
from early initiation, such as patients with large cardiac thrombi, but this requires 
further study. Finally, acute phase cardiac CTA could potentially help guide 
strategy for endovascular treatment, because it may provide insight into thrombus 
characteristics.36, 37 

The data of our study may help to contribute to the implementation of cardiac CTA 
as a routine technique in the diagnostic work-up of stroke patients. However, several 
challenges that may complicate this process of implementation should be taken into 
account. First, extending the CTA to include the heart while maintaining optimal 
door-to-needle (IVT) and door-to-groin times (EVT). Other main challenges will 
include availability of ECG-gating hardware and software, remaining within patient 
tolerable ranges for contrast media volume, timely reporting of cardiac CTA findings 
by experienced radiologists, and dealing with incidental findings.   

LIMITATIONS 
As described, the lack of a true gold standard for many cardio-aortic sources 
of embolism is a limitation. Furthermore, the current study has a pragmatic 
observational cohort design in which patients undergo both acute phase cardiac 
CTA and TTE. An alternative design would have been a randomized trial where 
patients undergo acute phase cardiac CTA + TTE or TTE only. However, this design 
would require considerably more patients and would have logistical issues. A 
randomized trial design would require informed consent prior to CTA, which would 
delay acute treatment. Consequently, our study is not designed to conclusively 
evaluate the impact of cardiac CTA on patient management. Furthermore, the 
external validity of our single-center study may be limited by availability of similar 
CT-scanners in other hospitals. Lastly, our study is not powered to detect sex-
differences in subtype prevalence, treatment and outcome in patients with cardio-
aortic findings. 
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CONCLUSIONS 

The Mind the Heart study will provide a reliable estimate of the diagnostic yield 
of ECG-gated CTA of the heart and aortic arch acquired in the acute phase of 
ischemic stroke. In time, cardiac CTA may replace echocardiography as the first-
line screening method to detect sources of cardioembolism in these patients.  
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SUPPLEMENT 

DATA SUPPLEMENT I. Technical details of acute phase heart-brain axis CT-
angiography (CTA) for ischemic stroke patients

Protocol CTA aortic arch – cerebral vessels ECG-gated cardiac CTA

Patient position Supine, head first, arms along body Supine, head first, arms above 
head

Scan direction Caudo-cranial Cranio-caudal

Tube voltage, ref. Kvp 100 100 

Tube current, ref. mAs 200 288 

Pitch 1.0 Not applicable 

Rotation time, seconds 0.25 0.25

Slice thickness, mm 0.6 0.6 

Vascular reconstructions: slice 
thickness and kernel

1.0 (increment 0.7 mm), Bv44 0.6 (increment 0.4 mm), Bv40

Contrast media volume, mL* 50 (300mgI/ml) 40 (300mgI/ml)

ECG-gating No Yes, prospective, set to scan 
during diastole (63-76% of the 
R-R interval)

Beta-blockers No No

*Total contrast media volume for acute phase imaging diagnostic work-up of ischemic stroke is 125mL 

(300mgI/ml), including 35 mL for CT-perfusion. Contrast is injected at 6.0 mL/s into the right cubital 

vein with an 18-gauge intravenous catheter, followed by 40 mL saline solution injected at 6.0 mL/s. For 

additional information feel free to contact the authors.
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DATA SUPPLEMENT II.  High-risk1-4 structural cardio-aortic sources of ischemic 
stroke: definitions on CT-angiography (CTA) and transthoracic echocardiography 
(TTE)

CTA TTE

Heart

Left atrial appendage 
thrombus

A filling defect that appears as a 
low-attenuated mass (typically  
<100 HU) in left atrial appendage.5 

A circumscribed echogenic or 
echolucent mass in left atrial 
appendage, distinct from the 
surrounding atrial wall.6

Left atrial thrombus A filling defect that appears as a 
low-attenuated mass (typically  
<100 HU) in left atrium.5

A circumscribed echogenic or 
echolucent mass in left atrium, distinct 
from the surrounding atrial wall.6

Left ventricular 
thrombus

A filling defect that appears as a 
low-attenuated mass (typically <100 
HU) in the left ventricle, often  
attached to infarcted myocardial wall.7, 

8 Often concomitant with  
apical aneurysm.

A circumscribed echogenic or 
echolucent mass in the left ventricle, 
distinct from the surrounding 
ventricular wall.6

Recent myocardial 
infarction (<4  
weeks)*

Hypodense myocardium in a coronary 
artery territory without evidence of 
myocardial thinning.7

Regional wall motion abnormalities 
with preservation of normal wall 
thickness and normal reflectivity.9

Severely enlarged left 
ventricle

Left ventricle diastolic volume. 
Severely enlarged, indexed for BSA 
is defined as >94 mL/m2 for men and 
>86 mL/m2 for women.10† 

Left ventricle end diastolic volume, 2d 
echocardiography volume calculations 
according to the biplane method of 
disks summation (modified Simpson’s 
rule).11 Severely enlarged, indexed for 
BSA is defined as >100 mL/m2 for men 
and >80 mL/m2 for women.11

Signs of endocarditis Suggestive of endocarditis7: 
-  Valve vegetation, perforation or  
 thickening.
-  Paravalvular abscess, paraval- 
 vular pseudoaneurysn, or in- 
 filtration of perivalvular fat tissue.

Suggestive of endocarditis7: 
-  Valve vegetation, perforation or  
 thickening.
-  Paravalvular abscess,  
 paravalcvular pseudoaneurysm,
- Paravalvular leakage (prosthetic  
 valves).

Prosthetic valve pannus 
or thrombus  
(bioprosthetic or 
mechanical)

Pannus underneath valvular apparatus 
or thrombus7

Pannus underneath valvular apparatus 
or thrombus.7

Myxoma A large, round, low attenuating mass 
with a small stalk, often attached to 
the fossa ovale.12

A large, round mass with a small stalk, 
often attached to the fossa ovale.

Papillary fibroelastoma A small mass, hypodense with irregular 
borders attached by a thin stalk, often 
on the aortic and mitral valves.12

A small mass with irregular borders 
attached by a thin stalk, often on the 
aortic and mitral valves.

Signs of rheumatic 
valvular disease
(mitral stenosis)

Calcification on mitral valve or sub-
valvular apparatus (not mitral valve 
annulus).

≥Moderate mitral stenosis, mean 
gradient ≥5mmHg, valve area 
 <1.5 cm².13
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CTA TTE

Aortic arch

>4 mm ulcerated 
noncalcified (soft and 
mixed composition) 
atherosclerotic  
plaque

Measurement definitions3: 
-  Size: largest lesion wall  
 thickness measured  
 endoluminal – adventitia 
-  Ulceration: crater >2mm in  
 depth and width. 
-  Composition: calcified (high  
 attenuation), mixed, soft  
 (low attenuation).

N/A

Stanford classification 
type A acute  
aortic dissection 

A flap and false lumen in the 
ascending aorta.14

A flap and false lumen in the ascending 
aorta.14

HU, Hounsfield units; N/A, not assessable; M, men; W, women. * Estimate of timing based in part on 

patient history. † Guidelines for quantification of left ventricle size are not available for CTA. As a cut-

off for severely enlarged we chose available guidelines for cardiovascular magnetic resonance imaging. 

DATA SUPPLEMENT II.  (Continued)
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DATA SUPPLEMENT III. Other (medium/low-risk1-4) structural cardio-aortic 
sources of ischemic stroke: definitions on CT-angiography (CTA) and transthoracic 
echocardiography (TTE)

CTA TTE

Heart

Non chicken 
wing left atrial 
appendage  
morphology 

Left atrial appendage morphology15, 16:  
-  Chicken wing: only one lobe,  
 total length more than 4 cm, and  
 a bend angle <100°. 
-  Cactus: dominant central lobe,  
 one or more secondary lobes,   
 total length <4 cm.  
-  Windsock: one dominant lobe  
 with several secondary, or even  
 tertiary lobes, total length >4 cm,  
 and a bend angle >100°. 
-  Cauliflower: total length <4 cm  
 and complex internal structures. 

N/A

Left atrial 
appendage  
slow flow*

A filling defect that appears as a mass 
with a higher attenuation (typically 
>100 HU) in left atrial appendage.5

N/A

Severely enlarged 
left atrium  

Left atrium diastolic volume. Severely 
enlarged volume indexed for BSA is 
defined as >48 mL/m2 for men and 
women.11† 

Left atrium endsystolic measurements in 2DE 
volume biplane calculations according to 
biplane disk summation technique measured 
from both the apical four and two chamber 
views.11 Severely enlarged volume indexed 
for BSA is defined as >48 mL/m2 for men and 
women.11

Atrial 
diverticulum

Outpouch of left atrium wall with 
smooth contour, most commonly 
located in the right anterior-superior 
wall of the left atrium.17

Outpouch of left atrium wall with smooth con-
tour, contraction synchronized with the rest of 
the heart.

Left ventricular 
apical  
aneurysm

Distinct area of abnormal left 
ventricular diastolic contour with wall 
thinning.18

Dyskinetic (presence of paradoxical wall 
motion) out-pouching area or zone of the left 
ventricle with wall thinning.18

Older myocardial 
infarction  
(>4 weeks,  
<6  months)‡

Hypodense myocardium in a coronary 
artery territory with myocardial 
thinning.7, 8 

Regional wall motion abnormalities with a thin 
akinetic reflective segment.9

Left ventricular 
non-compaction
cardiomyopathy

End diastolic ratio of non-compacted 
myocardium to compacted 
myocardium must be greater than 2.3 
during the diastole.19

End systolic ratio of non-compacted to 
compacted myocardium above 2.20

Calcific aortic 
valve

Leaflet thickening and calcifications 
of aortic valve.21

Leaflet thickening and calcifications of aortic 
valve.21 

Patent foramen 
ovale

A crypt shaped contrast jet from the 
left atrium to the right atrium towards 
the vena cava, or an atrium septum 
discontinuity.8, 22

Rapid intravenous injection of agitated saline 
opacifies the right heart with microbubbles. The 
appearance of microbubbles in the left atrium 
within 3–6 cardiac beats after opacification 
of the right atrium indicates a patent foramen 
ovale.23 Right-to-left shunt may be accentuated 
by the Valsalva manoeuvre.
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Heart

Atrial septal 
defect

A contrast jet from the left atrium to 
the right atrium, or an atrium septum 
discontinuity.8

An atrium septum discontinuity with a color 
doppler jet from the left atrium to the right 
atrium.23

Ventricular  
septal defect

A contrast jet from the left ventricle 
to the right ventricle, or a ventricular 
septum discontinuity.8

A ventricular septum discontinuity with a color 
doppler jet from the left ventricle to the right 
ventricle.24

Aortic arch

Atherosclerotic 
plaque

Plaque in any of these locations: aortic 
root, ascending aorta, aortic arch, 
descending aorta.   

N/A

HU, Hounsfield units; N/A, not assessable; M, men; W, women. 

* Other terms for the same phenomenon: left atrial turbulence (smoke), circulatory stasis, reduced flow 

velocities, spontaneous echodensities. † Guidelines for quantification of left atrial size are not available 

for CTA. As a cut-off for severely enlarged we chose available guidelines for echocardiography.  
‡ Estimate of timing based in part on patient history.     
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