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Abstract 

 

Ischemic stroke is a deadly disease, with cardioembolic stroke (CS) being particularly 

costly to patients and their families, due to both high rates of recurrence and the highest 

rate of mortality, compared to other stroke sub-types. CS composes about 30% of all 

ischemic strokes with higher incidence at older ages, and among those with cardiac risk 

factors.  

Particularly devastating is that most CS patients are left debilitated, placing a high burden 

on their caregiver. This disability is not only physical, but also cognitive, as over 2 

million stroke survivors in the United States suffer from dementia. 

Diagnosing the primary stroke mechanism is important because it enables appropriate 

secondary stroke prevention. The most common cause of CS is atrial fibrillation (AF). 

Oral anticoagulation (AC) reduces the risk of ischemic stroke by 64% for those 

diagnosed with AF. However, CS is known to occur independently of AF, with all other 

embolic strokes currently treated with antiplatelet medications. 

There is increasing evidence of the need to redefine the existing paradigm between the 

heart, particularly the left atrium (LA), and the brain, specifically the cause of the 

embolic stroke. Are there cardiac anatomical features and functional parameters that 

would offer insight as to the origin of the embolus, and should these patients then be 

treated with AC?  

This dissertation seeks to address some of these questions. The introduction describes 

stroke etiology, its determination, the evidence-based treatment of AF stroke patients, 
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evidence that patients without AF have CS, and finally, the tools available to move the 

field of CS diagnosis and treatment forward. Chapter 1 describes a cohort study using 

transthoracic echocardiography (TTE) to evaluate specific cardiac parameters of acute 

ischemic stroke patients, and their associations with CS. Chapter 2 builds upon the first 

and uses TTE with strain to focus on LA anatomy. Chapter 3 describes a large, 

population-based cohort study of participants with markers of LA cardiopathy and their 

associations with cerebral beta-amyloid, a pathology necessary in the development of 

Alzheimer’s disease. The conclusion describes the future of this exciting field, and the 

ongoing research efforts resulting from this dissertation. 

Dissertation Primary Readers: Dr. Rebecca F. Gottesman MD, PhD (Research mentor), 

Dr. David Newman-Toker MD, PhD (Academic Advisor), Dr. Marie Diener-West, PhD 

(Departmental voting member), Dr. A. Richey Sharrett MD, DrPH (Department voting 

member) 

Dissertation Secondary Readers: Dr. Josef Coresh MD, PhD (Committee Alternate), Dr. 

Edgar R. Miller MD, PhD (Committee Alternate) 
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Introduction: 

Getting to the Heart of the (Gray) Matter: Stroke 

Etiology and Cardioembolic Stroke 

 

Cardioembolic stroke (CS) is devastating, leading to poor functional outcomes for 

patients, who then exhibit a higher risk of recurrent stroke and death compared to other 

stroke subtypes.  Proper diagnosis of the ischemic stroke subtype is of the utmost 

importance as future testing and treatment stem from this important branch point in 

stroke medical decision making.  CS in particular is a complex disease, representing one 

diagnostic entity but composed of many disparate conditions. Etiologies of cardiac 

embolism include, but are not limited to: atrial tachyarrhythmia, valvular disease, 

endocarditis, structural heart disease, acute myocardial infarction and ventricular 

thrombus (O'Carroll and Barrett 111-132). Other conditions that have been proposed as 

potential sources of cardiac embolism include: intracardiac tumors, mitral valve strands 

and the presence of spontaneous echocardiography contrast (Kasarskis, O'Connor, and 

Earle 1171-1173; Tice et al. 1183-1186; Castello, Pearson, and Labovitz 1149-1153). 

The majority of CS is caused by non-valvular atrial fibrillation (AF), the single most 

common type of cardiac arrhythmia. AF leads to a fivefold increase in stroke risk, with 

no decline in risk with age, which stands in stark contrast to other stroke risk factors 

(Wolf, Abbott, and Kannel 983-988). The literature to support anticoagulation (AC) for 

stroke prevention in AF is abundant, with the most recent American Stroke Association 

(ASA) guidelines stating that the best timing of initiation of AC for most stroke patients 

was 4-14 days post-stroke [Class IIa; Level of Evidence B](Meschia et al. 3754-3832). 
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While proper treatment for these embolic stroke patients (known AF) should remain a 

public health concern, there are patients with evidence of cardiac structure and function 

that is both 1) not normative, but not identified as symptomatic, and 2) those with frank, 

symptomatic cardiac disease in whom the evidence for stroke secondary prevention 

remains unclear, who, by default, are currently treated with antiplatelet medications.  A 

growing burden of evidence suggests that a dichotomous consideration of this paradigm 

(presence/absence of AF) may not be sufficient when determining either the source of the 

embolism (cardiac-related or not), or the initiation of AC. As CS is known to occur 

independently of AF, might there be a subset of CS patients without AF who would be 

best treated with AC? Unless new strategies are proposed and investigated, the potential 

for advancement in the field of embolic stroke will not occur. 

The traditional approach to classifying stroke etiology divides stroke into either 

hemorrhagic or ischemic, with 5 ischemic stroke-subtypes: 1) large-artery 

atherosclerosis, 2) cardioembolism, 3) small-vessel occlusion, 4) stroke of other 

determined etiology, and 5) stroke of undetermined etiology. Such an approach, known 

as the TOAST classification system, is a longstanding diagnostic algorithm that has 

reasonably high interrater reliability (Gordon et al. 1021-1027).  It importantly enabled 

categorization of every patient into one of these five stroke subtypes. This approach has 

been expanded upon by different groups with algorithms that try to decrease the number 

of patients classified as “undetermined”.  The Causative Classification System (CCS) 

further divides each TOAST subtype into 3 subcategories of evident, probable, and 

possible based upon the recognition that there may be multiple competing mechanisms in 

the same patient (Ay et al. 2979-2984). The ASCOD (Atherosclerosis/Small-
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vessel/Cardiac pathology/Other causes/Dissection) system suggests 5 categories with a 

numeric scale for the grade of disease.  For example, if a disease state is present but a 

causal link to ischemic stroke is unlikely, it is designated a 2.  Therefore a patient with a 

stroke with apical akinesia of the left ventricle and a reduced ejection fraction, is graded a 

C2 (cardiac embolism, unlikely causal link).  The benefit of ASCOD per the original 

creators is removal of the undetermined or cryptogenic category contained in other 

grading systems (Amarenco et al. 1-5).   

Regardless of the algorithm used, there are challenges implicit in the diagnosis of 

etiological stroke subtype.  Common risk factors such as hypertension, diabetes, and 

smoking are known to be associated with stroke in general, but evidence for one exact 

subtype over another, if the risk factor is present, remains unclear (Ay et al. 688-697). 

Additionally, the diagnosis inevitably depends on the risk factors or pathology that are 

uncovered by diagnostic testing, such as cerebral imaging, transthoracic 

echocardiography (TTE) and long-term cardiac monitoring, with each test having 

limitations. Notably, even which diagnostic tests should be standard of care in the early 

cardiac workup of a patient with acute ischemic stroke remains unclear.  The 2018 ASA 

Guidelines, that were subsequently redacted and revised due to expressed concerns, 

suggested that there was not enough evidence to pursue routine echocardiography or 

cardiac monitoring in patients (Powers et al. e46-e110; Furie and Jayaraman 509-510).  

The new 2019 ASA guidelines now state that echocardiography is “reasonable” in the 

workup of ischemic stroke patients (Powers et al. e344-e418).  With no consensus 

regarding the standard way to evaluate the cardiac function of acute ischemic stroke 



4 
 

patients, it is not surprising that TTE findings when obtained have not been incorporated 

into clinical decision making.   

Additionally important in the workup of stroke etiology is the assumption that what is 

likely to have a causal link with certain stroke etiologies has already been defined, with 

no remaining knowledge gaps. For CS in particular, there are cardiac conditions that may 

be identified in the workup, but the likelihood of embolism associated with those 

conditions remains unclear. Over the past five years, the new concept of embolic stroke 

of undetermined source (ESUS) was introduced (Hart et al. 429-438; Ntaios 333-340).  

This importantly allowed classification of ischemic strokes that were embolic appearing 

but: 1) not lacunar, or due to small vessel disease, 2) not cardioembolic, in that no known 

cardiac source was identified, and 3) not cryptogenic, as the workup was complete 

without competing etiologies. Approximately 17% of ischemic stroke patients could be 

classified as ESUS, and notably these ESUS patients have about a 4-5% rate of stroke 

recurrence per year (Hart et al. 2191-2201; Hart et al. 867-872). The current treatment 

paradigm suggests antiplatelet therapy for stroke prevention for all ESUS patients, but 

given this rate of recurrence, it is understandable that both patients and doctors are 

looking for other treatment approaches to provide to these mostly younger patients.  

As previously noted, the most common cause of CS is AF, with an estimated incidence in 

2010 of 77.5 per 100,000 in men and 59.5 in women (Chugh et al. 837-847). It is 

anticipated that the prevalence of AF will only increase as the population ages, so timely 

diagnosis and treatment is important. There are several risk prediction scores used in 

determining utility of AC once AF is discovered, with the most widely used being the 

CHA2DS2-VASc score (Lip et al. 263-272).  According to this algorithm, patients with no 
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other risk factors except a recent stroke or transient ischemic attack meet criteria to be 

placed on anticoagulation to prevent an ischemic stroke, or for stroke secondary 

prevention (scores ≥2 necessitate AC).  

However, a growing body of evidence suggests that considering CS in terms of AF alone 

is not sufficient to fully capture the stroke risk associated with dysfunction of the left 

atrium (LA), and it may be that some of the patients classified as either cryptogenic or 

ESUS do have a cardiac etiology, and would therefore be CS, but the cause of the cardiac 

embolism has yet to be identified. Consequently, it appears that the role of AF in this 

paradigm is less important than initially conceived. For example, there is no direct causal 

link between the onset of AF and occurrence of stroke. The Asymptomatic Stroke and 

Atrial Fibrillation Evaluation in Pacemaker Patients (ASSERT) trial demonstrated only 

8% of patients had AF within 30 days of their embolic event, and a subgroup analysis of 

the Prospective Study of the Clinical Significance of Atrial Arrhythmias Detected by 

Implanted Device Diagnostics (TRENDS) reported similar findings (Brambatti et al. 

2094-2099; Daoud et al. 1416-1423).  As a result, there has been increasing interest in 

capturing patients at high embolic risk, who will never manifest AF (Kamel et al. 980-

986).  

The ASA recently released a statement emphasizing the importance of further research in 

this area, postulating that stroke might occur at any stage along the pathway that leads to 

embolism from the LA, and that AF is simply one marker of this disease process (Chen et 

al. e623-e644). It may be that other changes at the endothelial level such as impaired 

rheology, cardiac fibrosis, nitric oxide production or other myocyte inflammation leads to 

CS (De Jong et al. 754-765; Guazzi and Arena 102-106). It becomes important then to 
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develop new mechanisms by which the cardiac health of a patient with an acute ischemic 

stroke can be assessed for the purpose of identifying individuals who may be at an earlier 

or even a non-AF related stage along the pathway to embolism.  

The earliest studies that considered markers of embolism outside of AF considered atrial 

anatomy, particularly the size of the LA. The literature has supported that in both men 

and women, the larger the size of the left atrium, the greater the risk of stroke, 

independent of AF (Benjamin et al. 835-841).  LA enlargement on TTE predicts LA 

thrombus on transesophageal echocardiogram, as well as stroke recurrence (Anaissie et 

al. 7194676).  

Electrocardiogram (ECG) parameters have also been considered in hopes of better 

characterizing an atrial cardiopathy. A recent meta-analysis suggests that abnormalities in 

P-wave terminal force, with the p-wave reflecting atrial depolarization, P-wave duration 

and the maximum P-wave area could be used for determining the risk of incident 

ischemic stroke (He et al. 2066-2072).  

It is becoming increasingly apparent that there may be multiple mechanisms converging 

to lead to pathology of the atrium that subsequently leads to a predisposition to form 

thrombus, which subsequently embolizes. Again, AF is one pathway, but not necessarily 

the only pathway that leads to an abnormally functioning LA, which has been referred to 

as a state of atrial myopathy or atrial cardiopathy. Atrial cardiopathy has been best 

defined as any complex of structural, architectural, contractile or electrophysiological 

changes affecting the atrial with a potential to produce clinically-relevant results (Goette 

et al. e3-e40). The importance of recognizing this concept model has implications for not 

only diagnostic algorithms, but also treatments. For example, if identification and 
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complete elimination of an abnormal atrial rhythm alone were appropriate for secondary 

stroke prevention, it follows, that cardiac ablation of AF would be sufficient to prevent 

future strokes, which is known not to be the case with patients still needing AC (Al-

Khatib et al. 760-773).  

An important next step in defining this atrial cardiopathy is the development of 

appropriate imaging strategies and biomarkers by which to further define the abnormal 

substrate. The role of cardiac evaluation in stroke management remains controversial, 

with no agreement on what, if any, assessment should be routinely performed. Although 

previously part of a standard clinical stroke evaluation, as stated above, recent ASA 

guidelines question the use of routine transthoracic echocardiography (TTE) in ischemic 

stroke cardiovascular evaluation, citing lack of evidence (Powers et al. e46-e110). These 

guidelines were then retracted, which has rarely occurred, citing the lack of consensus in 

the field and the need for improvement in cardiac imaging approaches in the stroke 

patient (Fisher STROKEAHA118023990). Even with the new guidelines stating 

echocardiography is “reasonable” in “some patients” to facilitate the workup of etiology 

and to tailor secondary stroke prevention choices, the ordering of the test and its 

interpretation is left to the discretion of the treating physician. Further clarification about 

what specific parameters should be considered more important than others is not provided 

(Powers et al. e344-e418).  

TTE is widely performed as the initial test in stroke etiology workup due to its high 

reproducibility, non-invasive nature, low cost and absence of radiation or contrast use. 

TTE does have some limitations, particularly when assessing aortic plaque, the left atrial 

appendage (LAA), a structure known to be at particular risk for harboring thrombus in 
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the LA, or smaller valvular abnormalities (Pagan et al. 269-280). Advances in 

echocardiography now enable direct assessment of atrial function using speckle-tracking 

or strain analysis (STE). The ability to define phases of the LA cycle using STE has 

shown benefit in diseases such as hypertension, diabetes, heart failure and atrial 

fibrillation (Liu et al. 727-735; Mochizuki et al. 165-174). It has also shown incremental 

value for embolic risk stratification above and beyond the CHA2DS2-VASc score in 

patients with AF (Obokata et al. 709-716.e4). STE is not routinely performed in stroke 

care despite its low cost and the ability to perform the analysis retrospectively, even after 

initial image acquisition.  

Two other imaging modalities that hold promise are cardiac computed tomography 

angiography (C-CTA) and cardiac magnetic resonance imaging (C-MRI). C-CTA has 

been shown to be feasible to perform in stroke patients, (Hur et al. 683-690) and 

description of LAA shape has added value when considering AC in patients with low 

CHA2DS2-VASc scores (Lee et al. 1297-1301).  One benefit of C-CTA compared to 

transesophageal echocardiography (TEE), which is more commonly performed for 

evaluation of the LAA, is that C-CTA is noninvasive. C-CTA also offers a simultaneous 

evaluation of the coronary arteries for the presence of atherosclerotic disease. 

Atherosclerotic plaque is important to identify in stroke as it represents another substrate 

that can embolize, but is treated differently, relying on statin and antiplatelet medications, 

rather than anticoagulation which is prescribed for AF-associated emboli. This is 

important to recognize as the mechanisms of emboli differ. Aortic plaque ulceration for 

example is more likely to trigger the formation of “white clots”, composed of platelets 

and thus would be better treated with antiplatelet agents than AC (Figure 1). 
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Considerations when using C-CTA is the use of iodinated contrast and radiation 

exposure, which can be a concern to some patients. 

C-MRI also has certain advantages over other forms of cardiac imaging that might play a 

role in identifying atrial cardiopathy (Figure 2) (Johansen, De Vasconcellos, and 

Gottesman 32-019-0571-4). Atrial fibrosis is widely regarded as one of the underlying 

mechanisms behind the development of AF. Delayed enhancement MRI enables 

assessment of scar burden and residual fibrosis after AF ablation, but there is also new 

evidence that atrial fibrosis is also present in non-AF patients, with a higher percentage of 

LA fibrosis found among those with a previous stroke (Gal and Marrouche 14-19; Yaghi 

et al. 31-37).  C-MRI has excellent spatial resolution and does not expose the patient to 

radiation like C-CTA. However, gating (timing to the ECG) is always required and 

longer acquisition time increases susceptibility to patient movement (Pagan et al. 269-

280). While the prospective work in stroke patients with C-MRI is limited, a recent study 

of 85 consecutive patients found that addition of C-MRI to standard diagnostic evaluation 

decreased the percentage of patients classified as cryptogenic, or unknown etiology, from 

27% to 20% (Baher et al. 277-284).  The importance of these technologies in acute stroke 

care is becoming increasingly recognized and undoubtedly will be even more frequently 

employed in future research efforts (Yaghi et al. 31-37). 

Outcomes for patients who have a stroke diagnosed as CS are not favorable with high 

rates of mortality, and this stroke sub-type, compared to others, represents a higher risk 

factor for recurrence (Amarenco et al. 2182-2190; Kamel and Healey 514-526). A recent 

large epidemiologic cohort study also suggests that CS patients fare worse than their 

counterparts cognitively (Sonnen et al. 406-413). Leveraging The Reasons for 
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Geographic and Racial Differences in Stroke (REGARDS) cohort, Levine et al identified 

that CS was associated with an acute decline in global cognition with a faster rate of 

decline in the years post-stroke compared to strokes of other etiologies (Levine et al. 987-

994). Similarly, delayed recall, and executive function deficits have been documented as 

most prevalent post-CS (Washida et al. 2719-2725). The morbidity associated with CS is 

high, with patients having the highest long-term rates of mortality as well as hospital 

readmission rates (Jones et al. 2307-2310).  

A higher degree of stroke severity in CS, older age, the presence of co-morbid CVD and 

more post-stroke complications have all been postulated as possible reasons, but the 

magnitude of the contribution of each factor, particularly when considering cognitive 

decline, is poorly understood (Hong et al. e373-80).  AF, the most common cause of CS, 

is strongly associated with cognitive decline, even among individuals not developing a 

clinical stroke (Aldrugh et al. 958-965). Older adults with AF are also known to have 

impaired quality of life in physical domains compared to those in sinus rhythm (Zhang, 

Gallagher, and Neubeck 987-1002). LA enlargement on echocardiogram has been 

associated with silent infarcts in patients with ischemic stroke (Mounier-Vehier et al. 

1347-1351) with asymptomatic infarcts strongly related to the development of dementia 

(Goldberg et al. 250-253; Thong et al. 1219-1225; Vermeer et al. 1215-1222). How other 

structural and functional changes of the LA are similarly associated with cognitive and 

functional impairment remains unclear, but would further emphasize the importance of 

optimizing treatment strategies in this group of patients, which could also contribute to 

the prevention of cognitive impairment and dementia.  
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Alzheimer’s Disease (AD) is the most common cause of dementia, and is characterized 

by neuron loss, and the development of neurofibrillary tangles and cerebral beta-amyloid 

(Aβ) plaques. Vascular disease has been described to be associated with AD, and there 

has been increasing recognition of overlap in pathology (Iadecola 844-866; Sweeney et 

al. 158-167). Cardiac dysfunction in particular, might be a direct cause of brain injury 

resulting in AD-type pathology, through mechanisms such as cerebral infarction, or 

hypoperfusion (Pullicino, Halperin, and Thompson 288-294). A particularly powerful 

tool for imaging AD pathology is positron emission tomography (PET), as the 

development of the Pittsburgh Compound-B (PiB) enables direct imaging of Aβ.  

Imaging of Aβ plaques using PET is being used to diagnose those with preclinical 

disease, or specifically those people with pathologic evidence of AD, but no clinical 

manifestation of disease. Use of PET represents one avenue by which the association 

between cardiac structure and function, cognitive impairment and AD pathology might be 

explored (see Chapter 3).    

ESUS patients also notably demonstrate lower rates of survival when compared to other 

stroke subtypes, although not as low as confirmed CS (Ntaios et al. 2087-2093), perhaps 

reflecting that some ESUS patients may actually represent a cardioembolic mechanism. 

Given that ESUS patients are normally younger and the definition of this stroke subtype 

newer, long-term outcomes in this group are even more poorly defined. 

The overarching hypothesis of this dissertation is that patients with acute embolic 

appearing strokes will have subclinical cardiac pathology, particularly involving the LA, 

as evidenced by an independent association with abnormal cardiac imaging markers of 

structure and function, versus those with strokes of other subtypes, and that these cardiac 
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variables will be associated with cerebral beta-amyloid, a pathologic building block 

necessary in the development of AD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 
 

Chapter 1: 

Associations of Echocardiographic features with 

Stroke in those without Atrial Fibrillation 

 

Abstract:   

Objective: To determine the associations between transthoracic echocardiogram (TTE) 

cardiac structure/function measures and a) cardioembolic stroke (CS), and b) new-onset 

atrial fibrillation (AF), in patients without known AF.  

Methods:  Inpatients at a single institution (2013-2015) with imaging-confirmed ischemic 

stroke, no AF, and TTE within the 1st week were included. TTE structure/function 

variables were abstracted.  Stroke subtype (CS vs. other) was defined according to 

TOAST, blinded to TTE results.  New AF was defined as any duration of AF on ECG, 

telemetry or event monitor.  Separate multivariable logistic regression models defined 

associations between CS or new-onset AF, and TTE measures, adjusting for demographic 

and vascular risk factors. 

Results:  Of 322 participants, (mean age 60 yo), 55% were male and 56% African-

American.  In adjusted models (OR, 95%CI), odds of CS increased per: 0.1cm increase in 

LA systolic diameter (1.06, 1.02-1.11), 1 cm/sec in mitral E point velocity (1.03, 1.02-

1.05), with presence of mitral valve dysfunction (3.78, 1.42-10.02), and wall motion 

abnormality (2.00, 1.13-3.55).  As ejection fraction increased (per 10%), odds of CS 

decreased (0.65, 0.53-0.79). New-onset AF was also associated with increasing LA 

systolic diameter (1.13, 1.04-1.22).  
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Conclusions: Cardiac structural changes independent of AF and detectable on TTE may 

be on the CS causal pathway. Confirming these results could have implications for future 

use of TTE and decisions about antithrombotic vs anticoagulant treatment.   

Introduction: 

Routine inpatient transthoracic echocardiogram (TTE) has been primarily used in acute 

stroke care to rule out a cardiac thrombus or septic vegetation among those in whom 

cardioembolic stroke (CS) is suspected.  However, recent stroke guidelines now question 

prolonged monitoring for AF and routine use of TTE due to lack of evidence (Powers et 

al. ).  There remains a paucity of literature regarding TTE structural features and how 

they should be interpreted, specifically with regards to stroke etiology if AF is not 

detected or subsequently diagnosed.   

As the benefits of post stroke anticoagulation for atrial fibrillation (AF) are known 

(Culebras et al. 716-724), research has focused on duration of monitoring and choice of 

anticoagulant.  Etiology of embolic-appearing strokes, termed embolic strokes of 

undetermined source (ESUS), has recently been the focus of more extensive evaluation, 

with several studies identifying markers which might indicate a cardiac etiology for some 

ESUS such as left atrial (LA) enlargement (Di Tullio et al. 2019-2024), p-wave terminal 

force (Kamel et al. 2786-2788), and N-terminal-pro-Brain Natriuretic Peptide (pro-

BNP;(Folsom et al. 961-967). 

The objective of this study is to identify cardiac structure and function measures, 

obtained prior to guideline routine stroke-care TTE, that are associated with CS in those 

without AF, and to determine if these associations are independent of other traditional 
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stroke risk factors. We hypothesize that 1) LA size and indices of valve dysfunction will 

be most strongly associated with CS, even among participants without AF 2) TTE 

measures will be associated with new AF, as certain echo findings are often felt to be the 

result of long-standing AF and may represent a mechanism by which CS may occur.  

Methods:  

Standard Protocol Approvals, Registrations and Patient Consents 

The JH institutional review board approved the study and the protocol met criteria for 

waiver of consent.   

Study population 

The study was conducted at a single center, the Johns Hopkins Hospital (JH), which is a 

comprehensive, tertiary referral center for stroke.  Inclusion criteria were adult patients 

(≥18yo) admitted to JH with an ICD-9 code of ischemic stroke (433, 434, 434.01, 434.11, 

434.91, 436) during a 2-year period (July 1, 2013-July 1, 2015) and a TTE during the first 

7 days of admission.  The primary exclusion criterion was a known diagnosis of AF at 

time of admission.  

Echocardiogram measures 

TTE was obtained at the discretion of the inpatient treatment team as had been standard 

practice at the time of study enrollment.  All echocardiograms were performed by 

accredited technicians and reports were generated by echocardiography board certified 

cardiologists at JH.  TTE was performed using the Philips IE33 ultrasound in the standard 

two-dimensional analysis during each acute inpatient admission.  The anatomical and 
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hemodynamic abnormalities were observed by following the sequential segmental 

approach. Standard views were used in all cases including parasternal long-axis and 

short-axis views of the ventricles, parasternal view of the right ventricular inflow tract, 

and apical 4-chamber views. The color Doppler images were utilized to identify blood 

flow and valvular regurgitation.  An atrial septal defect was determined by administration 

of agitated saline injection. 

The following continuous variables were recorded for each participant: LA systolic 

diameter (cm), Mitral A point velocity (cm/s), Mitral E point velocity (cm/s), left 

ventricle (LV) posterior wall diastolic thickness (cm), LV septal wall diastolic thickness 

(cm) and LV ejection fraction (LVEF, %).  Mitral E and A point velocities are 

components of the mitral inflow signal and are used to assess the diastolic function of the 

heart, representing the peak of passive filling of the LV (peak E wave) and late filling as 

a result of the active contraction of the LA (peak A wave) and represent a pressure 

difference between the atria and the ventricle.  The following dichotomous variables were 

recorded for each participant: LA diameter enlargement, mitral valve (MV) dysfunction, 

aortic valve (AV) dysfunction, septal defect, atrial septal aneurysm, mitral annular 

calcification, LV aneurysm and regional wall motion abnormality.  LA diameter was 

dichotomized into enlarged versus not based on established norms and was not run in any 

model with continuous LA systolic diameter (Lang et al. 233-270). Valve dysfunction 

was defined as cardiologist classified severe regurgitation. Regional wall motion 

abnormality was defined as evidence of focal hypokinesis.  

Covariates: 
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Age, sex, race, body mass index (BMI; kg/m2), hemoglobin A1C (HgA1C; %), low 

density lipoprotein (LDL; mg/dL), international normalized ratio (INR), admission 

National Institutes of Health Stroke Scale (NIHSS), antihypertensive medication use, 

antithrombotic medication use, anticholesterol medication use and anticoagulant use were 

covariates of interest.  Medication use was defined as medications prescribed and verified 

as taking with the patient at the time of admission.  Antihypertensive medication use 

functioned as a surrogate for hypertension since actual elevated blood pressure values at 

the time of stroke might not be indicative of preexisting hypertension.  

Outcome Adjudication 

Stroke subtype was classified according to TOAST criteria by a cerebrovascular 

neurologist who was masked to the echo features.  A subset of the cases (N=60) were 

also reviewed by a second cerebrovascular neurologist to assess interrater agreement.  

The TOAST classification, which has demonstrated high interrater reliability, (Adams et 

al. 35-41) denotes five subtypes of ischemic stroke: 1) large-artery atherosclerosis, 2) 

cardioembolism or cardioembolic (CS), 3) small-vessel occlusion, 4) stroke of other 

determined etiology, and 5) stroke of undetermined etiology.   

A patient-reported history of AF or any prior documentation of a diagnosis of AF at the 

time of admission was used as diagnostic of prior AF (and was, as stated above, the 

primary exclusionary criterion).  A new diagnosis of AF was defined as evidence of AF 

on ECG or inpatient telemetry evidence of AF at any point during the duration of the 

admission, to include the emergency room if it immediately preceded the inpatient stay, 

without a prior diagnosis of AF.  If a cardiac event monitor (either 30 day external 

cardiac event monitor or implantable loop recorder) was ordered after discharge and 
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demonstrated AF, this was also included.  The window for time of diagnosis for new AF 

was defined as 30 days after placement of the cardiac event monitor in order to make the 

devices comparable.  The decision about placing an implantable loop recorder or 30-day 

cardiac event monitor was made by the clinical team, who was not aware of the study 

hypotheses. 

Statistical Analysis 

The primary dependent variables in separate analyses were presence of CS (vs other), and 

new AF. Echocardiographic variables, which were the primary independent variables, 

were evaluated descriptively and in univariate analyses in association with the outcomes 

of interest using crude logistic regression. Subsequent multivariable models then 

explored the following sequential levels of adjustment, for both the CS analyses and the 

new AF analysis. 

Model 1 considered participant age, sex, and race (black vs. other).  Model 2 further 

accounted for Model 1 and antihypertensive medication use, BMI, HgA1C and LDL.  

Model 3 accounted for Model 1 and additionally adjusted for INR, antithrombotic 

medication use and anticholesterol medication use.  Model 4 included Model 2 plus INR, 

anticoagulant use and anticholesterol medication use.  The same models were used for 

adjustment when considering potential confounders in the association of a diagnosis of 

new AF and TTE measures.    

Models considered each echo variable separately as the primary analysis.  After verifying 

that TTE variables were not collinear, they were also included together in a sensitivity 

analysis for the outcome of CS.  We tested whether the associations between CS and TTE 
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findings were modified by age (≥ or <75yo) or race (black vs. other) with an interaction 

term and, when significant, in stratified models.  An additional sensitivity analysis was a 

multivariable logistic regression with new-onset AF as an additional covariate along with 

those listed in Model 3 in the evaluation of CS. All statistical analyses were performed 

using Stata v14.1 (StataCorp ).  Two-sided p<0.05 or an interaction p-value <0.1 were 

considered statistically significant. 

Data Availability 

The datasets generated during analysis of this study are available from the corresponding 

author upon reasonable request. 

Results: 

Demographics 

Baseline patient characteristics (number and % or mean ±SD) are provided for eligible 

participants (Table 1).  During the study duration, 550 patients were admitted to JH with 

an acute ischemic stroke.  Of that group, 7 people lacked TTE within the first 7 days of 

admission and 48 participants had prevalent AF and were excluded. Additionally, 38 

patients without complete BMI, HgA1c, LDL or INR data, necessary for multivariable 

models, were excluded.  Of the remaining patients (N=332), the majority were African 

American, male, with a history of hypertension, with a moderate NIHSS and normal 

LVEF (Table 1).  Mean LA diameter was in the range of normal for both males and 

females (Lang et al. 233-270). 76 of these patients were adjudicated as having a CS, 98 

with small vessel disease and 90 with large artery atherosclerosis.  Of the 20% of the 

cases adjudicated by the second cerebrovascular neurologist, there was agreement in 
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TOAST sub-classification in 72% of the cases. During the hospital stay or on follow-up 

monitoring, 23 patients were diagnosed with incident AF.   

Associations with CS 

Increasing LA systolic diameter was significantly associated with CS and remained 

significant after adjustment for potential confounders (Table 2).  In the fully adjusted 

model, for every 0.1 cm increase in LA systolic diameter, the odds of CS increased 9% 

(OR 1.09, 95% CI 1.04-1.15).  Those with increased (dichotomized) LA systolic diameter 

had more than three times the odds of a CS than those without (OR 3.31, 95%CI 1.75-

6.27).  MV dysfunction (OR 3.70, 95% CI 1.35-10.15), but not AV dysfunction, was 

associated with increased odds of CS.  Participants with focal wall motion abnormality on 

TTE had approximately two times the odds of CS (OR 2.18, 95% CI 1.19-3.97).    

As participant LVEF increased per 10%, the odds of CS decreased (OR 0.65, 95% CI 

0.53-0.79).  When considering mitral inflow signal used to evaluate cardiac diastolic 

function, increasing E point velocity (per cm/sec), which represents the peak of passive 

filling of the LV, was associated with a higher odds of CS (OR 1.04, 95% CI 1.02-1.05).  

Increases in mitral A point velocity (per cm/sec), which represents late filling as a result 

of active contraction of the LA, was associated with a lower odds of CS (OR 0.99, 95% 

CI 0.98-1.00).  However, given the small effect estimates and the overlapping confidence 

intervals we interpret these findings cautiously.  The presence of mitral annular 

calcification was also associated with decreased odds of CS (OR 0.47, 95% CI 0.21-

1.07).   
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When considering all echo variables together in the same model, the direction of 

association with CS did not change for any of the TTE markers and LVEF and mitral 

annular calcification remained significantly associated with CS (Table 3).   

As associations may have been affected differentially by antithrombotic use (antiplatelet 

or anticoagulant) versus anticoagulant use alone, a sensitivity analysis was performed 

adjusting for age, sex, black race, INR, anticholesterol medication use as per prior 

adjustment models but also included anticoagulant use (Model 4). The direction of any 

significant associations with CS remained unchanged with similar effect estimates 

(results not shown).   

Effect Modification by Age and Race 

Age, dichotomized at 75yo, modified the relationships between LV posterior wall 

diastolic thickness and CS (Figure 3; p-interaction 0.044). However the individual effect 

estimates were not significant with increasing LV posterior wall diastolic thickness 

nonsignificantly associated with an increased odds of CS in those older than 75 (OR 1.07, 

95%CI 0.71-1.61) and a nonsignificantly decreased odds in those younger (OR 0.90, 

95%CI 0.77-1.05) (p-interaction=0.044).  Older participants with wall motion 

abnormality had a nonsignificantly decreased odds of CS (OR 0.64, 95%CI 0.11-3.68) 

while those who were <75yo had an increased odds (OR 2.84, 95%CI 1.41-5.73) (p-

interaction=0.066).  

There was a significant interaction between black race and valve (mitral and aortic) 

dysfunction for CS that was not observed for any other echo measures (Figure 4).  There 

were no black participants with CS who had AV dysfunction, but the number of overall 
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patients with this finding was small (N=9).  MV dysfunction (p-interaction 0.07) was 

associated with an increased odds of CS in all race groups, but the effect estimate was 

much higher, although imprecise, among non-black participants (black OR 1.63, 95%CI 

0.36-7.32; non-black OR 14.50, 95%CI 2.50-84.13).   

Mediation Analysis 

To evaluate whether the effect of the TTE markers on the outcome of CS might be 

mediated through AF, new diagnosis of AF was included in a multivariable logistic 

regression with Model 3 covariates and each of the echo measures.  With new AF added 

to the models, there was no change in the direction of the association with any of the TTE 

markers and CS, nor were there large changes in effect estimate size (Table 4).   

Associations with new diagnosis of Atrial Fibrillation 

Increasing LA systolic diameter (per 0.1cm) was significantly associated with an 

increased odds of a new diagnosis of AF, irrespective of adjustment model (Table 5).  LA 

systolic diameter dichotomized, however, was not significantly associated with new onset 

AF.  None of the 18 patients with MV dysfunction were diagnosed with new AF, so MV 

dysfunction was not analyzed as a predictor of new AF due to model instability.   

Discussion: 

In this study of acute ischemic stroke patients without a preexisting diagnosis of AF, odds 

of CS is associated with changes in structural and functional measurements demonstrated 

on routine stroke-care TTE.  Specifically, increases in LA systolic diameter were 

significantly associated with increased odds of CS among participants without a 

diagnosis of AF, as well as with new onset AF, even after adjustment for potential 
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demographic and vascular risk factor confounders.  We also show that increasing EF was 

robustly associated with decreased odds of CS, and this association remained even when 

considering changes in other echo variables. We also reported significant differences in 

some of the described relationships among distinct race or age groups; AV and MV 

dysfunction were stronger predictors of CS among non-black participants than among 

black participants, and odds of CS differed in younger versus older patients with wall 

motion abnormalities, although we interpret these findings cautiously given the small 

number of observations. 

Given the recent change in guidelines coupled with the established causal association and 

treatment pathway between AF and CS, and the need for better management algorithms 

for CS patients without AF, we sought to characterize changes on TTE among those 

without AF.  We recognize that it may be that our participants actually had AF, either an 

undocumented history or new onset AF not captured in this cross-sectional analysis, and 

changes seen on TTE were secondary to this mechanism.  However, it may also be that 

there are independent, cardiac structural changes irrespective of AF that are associated 

with CS that were captured with small changes on routine TTE.  This hypothesis is 

supported by our sensitivity analysis which included a new diagnosis of AF as a 

covariate, and which suggested that some of the TTE findings were still significantly 

associated with CS. 

Current practice dictates anticoagulation after ischemic stroke in the setting of AF, but 

clinicians and patients may experience frustration when the stroke appears embolic, but 

AF is not present and never subsequently captured.  Ongoing studies are investigating if 

NOAC administration is superior to aspirin among those with embolic stroke of 
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undetermined source (ESUS) (Geisler et al. 985-990; Diener et al. 1309-1312), however 

in one recently published study of ESUS evaluating Rivaroxaban, the study was 

terminated due to lack of benefit and increased bleeding risk (Hart et al. 2191-2201).  

This may suggest anticoagulation for all those with embolic appearing strokes, in whom 

no source is identified, is not an effective strategy.  Further understanding of the 

relationship between cardiac structural and functional measures and CS may help bridge 

this gap, as it is possible (and perhaps even likely) that a subset of these patients (ESUS 

but without AF) do exist in whom anticoagulation would be the ideal treatment.   

The association between LA enlargement and AF is well-known and our findings support 

this prior work (Psaty et al. 2455-2461; Vaziri et al. 724-730).  There has been some 

research which also supports the found association between LA enlargement and stroke 

recurrence even when controlling for AF (Yaghi, Moon, Mora-McLaughlin, Willey, 

Cheung, Di Tullio, Homma, Kamel, Sacco, and Elkind 1488-1493).  In one prior study, 

LA enlargement on TTE combined with LA mechanical dysfunction, assessed with strain 

analysis, reflected traditional transesophageal high-risk findings and was diagnostically 

useful in CS patient evaluation (Kim et al. 1444-1451). Our findings would support that 

even subtle TTE changes may be reflective of a dynamic process in the structure of the 

atria and are independently associated with a diagnosis of CS, and not simply a marker of 

pre-existing AF (Kamel et al. 323-331).   

We also found a decreased odds of CS among those with higher LVEF.  While heart 

failure is considered a risk factor for stroke, there is no evidence of benefit in treating 

patients with warfarin (anticoagulation) over aspirin (antiplatelet) when there is no 

evidence of AF (Homma et al. 1859-1869) and as a result, current secondary prevention 
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of CS patients with reduced LVEF is currently the same as any other ischemic stroke 

subgroup.  Perhaps the relationship with LVEF is more nuanced and outside of frank 

heart failure, future research building upon our findings may find even subtle changes in 

LVEF play a role in predisposing to CS.            

Differences in association between younger and older participants as well as black and 

non-black participants were also considered, and our data suggest that while there are 

markers of CS that are similar across age/race, there are also some differences.  The 

strength of association with valve dysfunction was much stronger among non-black 

participants, which would support prior work suggesting racial differences in valve 

degenerative etiologies and morphology (Novaro et al. 898-901). We also acknowledge 

that while attempting to capture hypertension through prior medication use, it may be that 

this association among blacks, who are known to have a higher percentage of 

uncontrolled hypertension (Dave et al. 562-569), may have been a result of residual 

confounding.  

We recognize that there are limitations inherent in the longitudinal retrospective cohort 

design, such as the inability to determine causation.  As previously discussed, defining 

new AF is difficult with a retrospective cohort.  The data were rigorously reviewed, with 

direct re-review of ECG tracings/telemetry data to decrease ascertainment bias, but 

selection bias (who received an event monitor) cannot be ruled out, although notably 

none of the participants who wore an event monitor during the defined study window had 

AF.  It is possible that additional participants who were not given an event monitor or 

implantable device on discharge had AF which was not ultimately diagnosed.  We 

recognize that different echocardiogram readers may have introduced some 
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heterogeneity, but this methodology increases generalizability to real world practice and 

ensured that the readers were blinded to stroke etiology.  We also recognize that the 

majority of participants in this study self-identified as black or white and as a result these 

findings may not be generalizable to other race-ethnic groups.   

Our findings support the idea that TTE can be clinically meaningful and that even mild 

changes on TTE, such as increases in LA systolic diameter, are associated with an 

increased odds of CS as well as new AF.  Such dynamic changes, often thought to be a 

result of prevalent AF, may in fact represent more subtle structural change that either 

precede or are completely independent of AF.  Future research is needed in this area to 

facilitate the development of clear evidence-based guidelines regarding cardiac 

evaluation in acute ischemic stroke patients.  Recent initiation of clinical trials, such as 

AtRial Cardiopathy and Antithrombotic Drugs in Prevention After Cryptogenic Stroke 

(ARCADIA), that use a biomarker-driven approach to include left atrial size index ≥3.0 

cm/m2 on echocardiogram, to define atrial cardiopathy, are an important first step 

(Kamel et al. 207-214).  While our findings should be confirmed prospectively, we 

anticipate a time when antithrombotic therapy decisions are influenced by a 

comprehensive assessment of markers of cardiac structure and function. Further 

definition of such markers might pinpoint even earlier those who would benefit from 

anticoagulation in embolic appearing strokes when there is no AF, or help steer a 

clinician towards more aggressive monitoring due to increased suspicion for AF.   
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Chapter 2: 

The Investigation of Left Atrial Structure and Stroke 

Etiology: The I-LASER Study 

 

Abstract:  

Objective: Changes in cardiac structure and function, irrespective of tachyarrhythmia, can 

result in thrombus formation and ischemic stroke, but left atrial (LA) function is often 

poorly characterized. Two-dimension (2D) speckle tracking echocardiography (STE) 

provides a detailed assessment of the LA cycle, potentially differentiating stroke subtype 

and mechanisms. 

Methods: Left ventricular (LV)/LA structure and function were quantified by 2D and 

STE. Strain/strain rate curves for the 3 components of the LA cycle: 1) Reservoir (Global 

longitudinal strain (Srmax)) 2) Conductive (Early LA Sr (Sre)) and 3) Active (Late LA 

Strain (Sra)) were evaluated. Association of cardiac features with stroke subtype 

(cardioembolic (CS) vs other, or cryptogenic vs other excluding CS) was tested using 

multivariable logistic regression. 

Results: Patients (N=151, mean age 61y, 57% female) with higher LV ejection fraction 

had a lower odds of CS (OR 0.66, 95%CI 0.48-0.90), while larger LA systolic diameter 

tripled the odds of CS (OR 2.96, 95%CI 1.14-7.69). Higher Srmax was associated with 

reduced odds of CS (OR 0.80, 95%CI 0.67-0.97). Lower Sra was associated with an 

increased odds of CS (OR 1.72, 95%CI 1.07-2.76) but not independent of atrial 

fibrillation (AF).  Higher active LA emptying fraction (active phase) was associated with 
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reduced odds of CS (OR 0.74, 95%CI 0.57-0.95) or cryptogenic stroke (OR 0.82, 95%CI 

0.68-0.98) vs other subtypes, but other associations between cryptogenic stroke and STE 

weren’t found.  

Conclusions: In this study, markers of LA structure and function were associated with 

CS. Similar associations were not consistently found for cryptogenic stroke, suggesting 

different or multiple mechanisms.   

Introduction: 

Although treatment guidelines for atrial tachyarrhythmias, such as atrial fibrillation (AF), 

are established, the role of other left atrial (LA) structure and function change is unclear. 

Understanding this relationship would better inform secondary stroke prevention. Atrial 

tachyarrhythmia is suggested to be a symptom of underlying atrial substrate disease 

(“atrial myopathy”) and this concept has gained increasing acceptance (Goldberger et al. 

278-291; Kamel et al. 895-900; Kamel et al. 323-331).  It remains unclear exactly what 

parameters of the LA should be considered when making treatment decisions.  

While there are no standard guidelines for cardiovascular evaluation of an acute stroke 

patient (Powers et al. e46-e110), transthoracic echocardiogram (TTE) is widely 

performed as the initial test. Strain is deformation of an object normalized to its original 

shape and size, with positive values representing stretch and negative values shortening. 

Strain rate is the deformity related to time. Speckle refers to acoustic markers in the echo 

imaging equally distributed in the myocardium. The tracking algorithm follows the 

motion of a unique speckle pattern during the cardiac cycle, providing local myocardial 

deformation (strain) information (Mor-Avi et al. 167-205). Speckle-tracking 
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echocardiography (STE) can be performed using TTE and is a valid approach to assess 

LA structure and function (Leong et al. 898-905).  

We aim to utilize clinically obtained TTE in ischemic stroke patients to identify 

important LA structural and functional variables and to determine the association of these 

variables with stroke subtype, with a specific focus on both cardioembolic stroke (CS) as 

well as stroke of unknown etiology (also called cryptogenic stroke), compared to other 

stroke subtypes. The ability of different LA variables to predict CS will also be 

investigated.   

Methods: 

This study was conducted at a single center, the Johns Hopkins Hospital (JH), which is a 

comprehensive tertiary referral center for stroke. This study was approved by the Johns 

Hopkins School of Medicine Institutional Review board and all patients gave written 

informed consent. Anonymized data will be shared by request from qualified 

investigators.  Inclusion criteria for the study were adult patients (≥21yo) admitted to JH 

with an acute ischemic stroke with confirmatory cerebral magnetic resonance imaging 

(MRI) that correlated with symptom presentation as well as a clinical indication for a 

TTE.  

Echocardiography assessment: 

TTE was obtained at the discretion of the inpatient treatment team as had been standard 

practice at the time of study enrollment. Two-dimension echocardiography (2DE) was 

performed by certified sonographers following standardized protocol based on the 

American Society of Echocardiography (ASE) guidelines (Mitchell et al. 1-64). Patients 
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were examined in a left lateral decubitus, utilizing parasternal long axis, parasternal short 

axis, apical four-chambers, apical two-chambers, and apical three-chambers traditional 

views. Electrocardiogram (ECG) tracing was recorded during the exam. All recording 

and measurements were done at the end-expiration, with a full three-cardiac cycle 

capture. As the TTEs were clinically indicated and not research protocol, the number of 

observations for each of the variables of interest differs as a result of the different 

protocols reflective of the clinical indication.  

2DE acquisition and analysis: 

A phased array transductor was used to acquire the 2D tissue harmonic imaging, color 

Doppler, pulse-wave Doppler, and continuous-wave Doppler. 2D end-diastolic volume, 

end-systolic volume, and left ventricle ejection fraction (LVEF) were measured by 

biplane disc method (modified Simpson’s rule) in the four and two chamber views. LV 

2D mass was calculated assessing 2D LV linear dimensions obtained in the parasternal 

longitudinal view using Devereux formula 42. Pulse wave Doppler echocardiography 

was employed to measure the transmitral flow peak velocities from the early (E) and late 

(A) diastolic phase. Tissue Doppler imaging was applied to calculate the early septal and 

lateral mitral annulus diastolic peak (E prime, E’). The images were analyzed offline by 

trained and certified readers, masked to clinical details, using standardized protocols 

following ASE guidelines (Lang et al. 233-270). 

LA speckle tracking acquisition and analysis: 

The LA structure and function analysis were made offline by a certified, trained reader 

using wall motion tracking (WMT) software package (Image Arena Version 4.6, TomTec 
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Imaging SystemTM) in both two- and four- chamber views. The LA endocardial surface 

was manually traced at the end systolic ventricular phase just before the mitral valve open 

in a counterclockwise direction, from the medial to the lateral mitral annulus, excluding 

the LA appendage and the ostium of the pulmonary veins. The software automatically 

propagated these borders across the cardiac cycle. The quality of the generated tracking 

was verified, with manual adjustments made when necessary. The LA STE inter- and 

intra-reader reproducibility was made by one expert reader, making the assessments in a 

random subset of 20 participants. Re-readings were performed 30 days after the initial 

measurement, blinded to the original analysis. 

The LA volumes were defined as follows: 1) Maximal volume (LAVmax, ml/m2): LA 

maximum volume at end systole (just before the mitral valve opens), 2) Pre-atrial 

contraction LA volume (LAVpreA, ml/m2): LA pre-atrial contraction volume at the onset 

of the P wave on electrocardiogram (ECG), and 3) Minimum volume (LAVmin, ml/m2): 

LA minimum volume at the end diastole (just after the mitral valve closes). The volumes 

were index by body surface area (BSA). Three emptying fractions were calculated based 

on those volumes: Total emptying fraction [(LAVmax – LAVmin)/LAVmax]*100, 

passive emptying fraction [(LAVmax – LAVpreA)/LAVmax]*100, and active emptying 

fraction [(LAVpreA – LAVmin)/LAVpreA]*100. The maximum LA global longitudinal 

strain (LSmax) was measured at the end of systole. Early LA strain rate (LASre) was 

defined as the first negative strain rate peak at early diastole, whereas late LA strain rate 

(LASra) was determined as the second negative strain rate peak at late diastole, after the 

onset of the P wave on ECG (Figure 5). 
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Stroke subtype: 

Stroke subtype was adjudicated according to TOAST criteria by a cerebrovascular 

neurologist who was masked to the echo features. All additional information including 

brain MRI imaging, admission and progress notes and discharge summaries were used in 

stroke adjudication.  The TOAST classification, which has demonstrated high interrater 

reliability, (Adams et al. 35-41) denotes five subtypes of ischemic stroke: 1) large-artery 

atherosclerosis, 2) cardioembolism or cardioembolic (CS), 3) small-vessel occlusion, 4) 

stroke of other determined etiology, and 5) stroke of undetermined etiology.   

Covariates: 

Age, sex, race (black versus other), body mass index (BMI; kg/m2), hemoglobin A1C 

(HgA1C; %), low density lipoprotein (LDL; mg/dL), systolic blood pressure on 

admission (mmHG), and smoking status (ever versus never) were covariates of interest.  

A patient-reported history of AF or any prior documentation of a diagnosis of AF at the 

time of admission was used as diagnostic of AF.  If during admission, the patient had an 

ECG or inpatient telemetry evidence of AF, this was also included as diagnostic of AF.  

If a cardiac event monitor (either 30 day event monitor or implantable loop recorder) was 

ordered after discharge and demonstrated AF, this was also considered affirmative for 

AF.  The decision about placing an implantable loop recorder or discharging the patient 

with a cardiac event monitor was made by the clinical team, who was not aware of the 

study hypotheses. 
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Statistical methods: 

For continuous variables, means and standard deviations are reported, and for categorical 

variables, frequencies are reported. The primary dependent variables, in separate 

analyses, were stroke subtype, specifically either CS (vs all others), or stroke of unknown 

etiology (vs other, not including CS). Separate multivariable logistic models were 

constructed with nested adjustment models for both analyses. Model 1 adjusts for 

participant age, sex, and race (black versus other).  Model 2 adjusts for Model 1 and 

BMI, LDL, HgA1C, admission systolic blood pressure and current smoking.  Model 3 

adjusts for Model 2 and diagnosis of AF. Models considered each echo variable, as 

independent variables, separately. LVEF was also dichotomized at 54% as this is the 

cutoff of normal LVEF for females according to established criteria.(Mitchell et al. 1-64) 

A sensitivity analysis was performed excluding participants who had AF, rather than 

adjusting for AF as a confounder (dependent variable CS). Due to the potential for 

multiple comparisons given multiple cardiac measures being evaluated, we also present 

Bonferroni-corrected results. 

In a separate analysis, the predictive ability of the statistical model for CS was tested, in 

the development cohort. For the prediction model, participants with AF were excluded as 

AF has a strong independent association with CS, and only those participants with 

complete data on all STE variables were included. The base model included Model 2 

covariates and then added in a stepwise fashion other cardiac variables reflective of LA 

structure and function. The discriminative ability of the area under the receiver operating 

curve (AUC) of the models with each LA variable was then compared. All statistical 
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analyses were performed using Stata v14.1 (StataCorp ). Two-sided p<0.05 was 

considered statistically significant.  

Results: 

Demographics: 

163 patients met inclusion criteria and provided informed consent. Of these, four were 

discharged before the TTE was obtained, two participants had limited TTEs secondary to 

the study being aborted, and six participants did not have complete demographic data. Of 

the remaining 151 patients, the mean age was 61 (+/-14) yo, with the majority black 

(58%), female (57%), pre-diabetic (mean HgA1C 6.3%) and a current smoker (56%) with 

hypertension (mean systolic blood pressure 151.4 mmHg) on admission. 29 participants 

(19%) had a history of AF or were diagnosed with atrial fibrillation (Table 6).  29 

participants (19%) had an LVEF <55%. 27 participants were adjudicated as having CS, 

34 as large artery atherosclerosis, 40 as small vessel disease, 14 with stroke of other 

etiologies and 36 participants with stroke of unknown etiology.  Of the 27 participants 

adjudicated as having CS, 15 had or were diagnosed with AF. 

Associations of LV structure and diastolic function with CS 

Among those with a LVEF <55%, there was four times the odds of CS (OR 4.45, 95%CI 

1.13-17.56, Model 3) compared to those with a normal LVEF (Table 7). When 

considering LVEF as a continuous variable, an increase of 5% was associated with 34% 

lower odds of CS in the final adjustment model (95% CI 0.48-0.90). A larger LV end-

diastolic diameter was associated with nearly three times the odds of CS (OR 2.70, 

95%CI 1.17-6.20, Model 3). A larger LV end-diastolic or end-systolic volume (per 
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5ml/m2) was associated with CS (OR 1.12, 95%CI 1.01-1.24; OR 1.18, 95%CI 1.01-

1.37) but was no longer statistically significant after adjusting for additional risk factors 

and atrial fibrillation. A larger mitral E/A ratio, a marker of LV diastolic dysfunction, 

was associated with a higher odds of CS in the final adjustment model (OR 2.25, 95%CI 

1.25-4.06). 

Associations of LA volumes and LA strain with CS 

A larger LA maximal systolic diameter was associated with nearly a three times higher 

odds of CS (Table 2, OR 2.96, CI 1.14-7.69; Model 3, per centimeter increase in 

diameter). Similarly, participants with larger LA volumes (LAVmax, LAVmin) had 

about a 5% increased odds of CS, but this was no longer seen after adjusting for AF 

(Maximum OR 1.04, CI 1.01-1.07; Minimum OR 1.07, CI 1.03-1.11; Model 2).  

A low absolute value of late negative peak strain rate (LASra), which reflects worse LA 

active phase, was significantly associated with an increased odds of CS in the first two 

adjustment models (OR 1.72, 95%CI 1.07-2.76) however, lost significance after adjusting 

for AF. An increase or improvement in active LA emptying fraction (per 5%), was 

significantly associated with a decreased odds of CS in the final model (OR 0.74, 95%CI 

0.57-0.95). A higher maximum global longitudinal strain (LSmax, per 5%), which 

reflects better LA reservoir function, was associated with a 32% reduction in the odds of 

CS in the final adjustment model (OR 0.68, 95%CI 0.52-0.90), a finding that was 

mirrored by the other two strain markers of reservoir LA function. Both, a unit increase 

in systolic peak strain rate, indicative of better LA function, (OR 0.28, 95%CI 0.08-0.95) 

and total LA emptying fraction (per 5%, OR 0.80, 95%CI 0.67-0.97), were associated 

with a decreased odds of CS in the final adjustment model. There was no significant 
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associations found between CS and variables indicative of LA conduit function. As noted 

in Table 7 by the asterisks, the majority of the above findings maintain statistical 

significance when accounting for the possibility of multiple comparisons.    

Sensitivity analysis excluding participants with AF 

In the initial construct of this study, we considered AF a confounder in the relationship 

between the specified TTE variable and stroke etiology. However, it is possible that 

instead AF is on the causal pathway between the TTE variables and stroke etiology, 

specifically CS. As a result, a sensitivity analysis was conducted in which the participants 

with AF were excluded (Table 8). Participants with a larger LA maximum systolic 

diameter had seven times the odds of CS compared to those with diameters that were 1cm 

smaller, with consideration given to the imprecision of the effect estimate with reducing 

power (OR 7.34, 95%CI 1.41-38.31). The findings for LAVmax and LAVmin are similar 

to the primary analysis (Table 8). When considering LA strain, a higher active LA 

emptying fraction was associated with 49% lower odds of CS among those without AF 

(OR 0.51, 95%CI 0.30-0.88) and a higher total LA emptying fraction was associated with 

a 28% lower odds of CS (OR 0.72, 95%CI 0.56-0.92, Model 1) but was no longer 

significance after accounting for additional vascular risk factors. Excluding participants 

with AF did not change the lack of association with variables of LA conduit function.  

Prediction of CS 

Among the cohort that did not have AF with complete STE data (N=100), the area under 

the curve (AUC) for CS of the base model, which represents participant demographics 

and risk factors reflected in Model 2, was 0.883 (Figure 6). The AUC when adding LVEF 
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to the base model was 0.880. The AUC when adding LA systolic diameter to the base 

model only was 0.908, and with the base model, LVEF and LA systolic diameter, the 

AUC was 0.932. The final model which included the base (adjusted for Model 2), LVEF, 

LA systolic diameter and the STE variables for LASra (LA active) and LSmax (LA 

reservoir), the AUC was 0.939 (Figure 6). The final model with the additional STE data 

improved the prediction of CS, although did not meet statistical significant (p-

value=0.07).  

Associations of cardiac variables with stroke of unknown cause 

After excluding patients with adjudicated CS (N=27) from the comparator group, the 

association of TTE cardiac variables with the outcome of stroke of unknown cause, or 

cryptogenic stroke, vs other non-CS stroke, was analyzed (Table 9). There were no 

significant associations between markers of LV structure or diastolic function. 

Participants with larger LAVmax had a 3% higher odds of cryptogenic stroke (OR 1.03, 

95%CI 1.001-1.06) but this finding was not consistent across the adjustment models. 

Participants with a higher active LA emptying fraction had a decreased odds of 

cryptogenic stroke compared to other stroke subtypes (OR 0.82, 95% CI 0.68-0.98). 

There were no other significant associations with other STE variables. 

Discussion: 

In this study, we have demonstrated a significant association between larger LA volumes 

and several LA strain variables that were obtained from clinically indicated TTE with CS, 

specifically hypothesizing that worse LA function would be associated with CS, 

compared to all other stroke subtypes.  For LV function, we have confirmed what has 
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been previously reported in the literature: specifically, that a decreased EF is associated 

with CS, with our participants with as small an incremental increase of 5% having a 

decreased odds of CS compared to other participants with similar demographics and risk 

factors (Johansen et al. e924-e932). We have also confirmed the known importance of 

LA maximum systolic diameter, and its association with CS (Gagne Brosseau et al. 704-

708; Kamel et al. 980-986; Kamel et al. 323-331), with our participants having nearly 

three times the odds of CS, after adjusting for AF which is similar to other estimates in 

the literature.  

Despite the evidence for the utility of these cardiac variables that are easily obtained from 

standard TTE, the debate continues about whether or not TTE is indicated for all stroke 

patients, and if obtained, how to implement the information that is garnered. The most 

recent guidelines, which initially suggested no role for echocardiography in stroke 

patients were then redacted (McCoy, Langdorf, and Lotfipour 947-951; Powers et al. ), 

with the new guidelines stating that echocardiography is “reasonable” in ischemic stroke 

patients (Powers et al. e344-e418). With no consensus regarding the standard way to 

evaluate the cardiovascular function of acute ischemic stroke patients, it unsurprisingly 

follows that TTE findings have not been incorporated into clinical decision making. The 

Warfarin and Aspirin in Patients with Heart Failure and Sinus Rhythm (WARCEF) trial 

considered patients with decreased LVEF (≤35%) and failed to show a significant 

difference between antiplatelet versus warfarin treatment in prevention of stroke, and as a 

result antiplatelet therapy remains the gold standard for those with decreased LVEF, 

although each 5% LVEF decrement significantly increased the stroke risk (Di Tullio et al. 

2031-2037). Similarly, data have suggested that participants with an enlarged LA, 
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independent of the presence of AF (Yaghi, Moon, Mora-McLaughlin, Willey, Cheung, Di 

Tullio, Homma, Kamel, Sacco, and Elkind 1488-1493; Yaghi, Boehme et al. ), are at 

increased risk for recurrent stroke, but again there are no data to support changing current 

secondary prevention strategies for these patients. 

Our study also uniquely considered LA STE strain analysis, a noninvasive method by 

which to garner information about the phasic function of the LA. We were able to 

successfully extract this information from clinically indicated TTEs in the majority of 

patients, demonstrating that a research protocol TTE, that might result in additional cost, 

is not necessary.  

The LA functions as an important modulator of LV filling. It is a reservoir for pulmonary 

venous return during ventricular systole, then as a conduit for venous return during early 

diastole, and finally as an active pump that augments blood filling during late ventricular 

diastole (Hoit 493-505; Lima and Ambale-Venkatesh 1566-1568). Thus the three phases 

of the LA cycle are classically described as the reservoir function, governed by atrial 

compliance, the conduit function when blood passes through the LA, and the active 

phase, which corresponds to atrial contractility (Vieira et al. 463-478). 

In our study, we have shown that participants with LSmax, indicative of LA reservoir 

function, that is 5% higher have a 32% lower odds of CS after adjusting for 

demographics, risk factors, and AF. Similarly, an incremental increase or improvement in 

systolic peak strain rate, another marker of reservoir function, was also associated with a 

lower odds of CS in our work. LSmax has been thought of as an early and sensitive 

marker to subclinical cardiovascular dysfunction (Nesbitt, Mankad, and Oh 9-22) in 

addition to LVEF (Stanton, Leano, and Marwick 356-364) and even among those with a 



40 
 

normal LVEF (Russo et al. 794-802). Increased LA reservoir function has been thought 

to play an important role in accelerating LV filling by helping to maintain the pressure 

gradient needed for LV filling in diastole (Morris et al. 364-372). It naturally follows that 

more favorable LA reservoir function would be associated with lower odds of CS, as it 

not only suggests that the LA is able to assist the LV during diastole, but as the LA and 

LV are so integrally associated with each other, is also reflective of diastolic dysfunction. 

A higher total LA emptying fraction, the final marker of LA reservoir function 

considered, was also associated with a lower odds of CS. In the Dallas Heart study, this 

LA emptying fraction was found to be superior and incremental to LA volume in its 

association with mortality, as well as new onset AF and flutter (Gupta et al. 278-285; 

Abhayaratna et al. 1626-1629). It has been suggested that measures of LA reservoir may 

therefore be a more advanced method by which to truly capture LA dysfunction, rather 

than LA enlargement alone.   

Decrements in the LA active phase, or so named atrial booster pump function, is perhaps 

the most widely recognized phase in the LA cycle when considering source of emboli 

(Hoit et al. 1829-1838; Lima and Ambale-Venkatesh 1566-1568; Hoit 493-505). An 

incremental increase in LASra in our work, was associated with approximately two times 

the odds of CS prior to adjusting for AF. An incremental increase, or improvement in 

active LA emptying fraction, was associated with approximately 1/4th lower odds of CS 

compared to other stroke subtypes. There has been other work demonstrating that LA 

active function identifies cardiovascular risk in the general population, with a 1 SD 

decrease in LA emptying fraction associated with a 28% higher risk for AF, potentially 
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suggesting that this may pre-date atrial tachyarrhythmia (Chinali et al. 1570-6; discussion 

1577; Vasan et al. 1079-1083). 

We did not find any significant associations with markers of LA conduit function, but 

given the dynamic nature of the LA cycle, this is not surprising as the conduit phase 

represents the blood passing through the LA and may not be as robust a measure of LA 

function.   

When considering cryptogenic strokes, or strokes of unknown cause, we found a 

significant association between this outcome and the presence of larger LA volumes and 

worse active LA emptying fraction, but the associations were not consistent and the effect 

estimates relatively small. We believe that cryptogenic stroke represents a diverse group, 

and lumping them together into one category is likely inadequate to define associations 

with STE as the underlying mechanisms of these currently labeled cryptogenic strokes 

are certainly not homogenous. It is quite possible that a fair number of these patients have 

underlying cardiac dysfunction, that either as a result of a lack of standardized assessment 

or current limitations in technology has not been defined (Kamel et al. 323-331; Kamel et 

al. 895-900). These patients may have a single cardiac mechanism that is not yet 

identified, or multiple mechanisms that together result in emboli formation. It follows 

that LA strain coupled with more advanced imaging techniques, or a combination of 

biomarkers, could in the future help to improve separation of patients who may have an 

underlying cardiac etiology versus other possible mechanisms.  

Despite the growing data demonstrating the utility of LA structure and function in 

predicting cardiovascular and stroke events, this knowledge is currently not exploited in 

clinical practice.  There may be several reasons that this is the case; the lack of a standard 
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algorithm for cardiovascular evaluation in stroke patients as alluded to above, the need 

for a trained reader that may not be available at all institutions, and a lack of standard 

values for strain measurements by which to definitively diagnose a disease state (Lima 

and Ambale-Venkatesh 1566-1568; Vieira et al. 463-478).   

Despite these limitations, there is growing recognition among the stroke community that 

consideration of tachyarrhythmia itself is not enough in the paradigm between the left 

atrium and embolic stroke. Kamel et al. was one of the first to suggest a new construct, 

by which AF is just one mechanism that promotes thrombus formation, and results in 

embolic stroke (Gaio et al. 370-372; Kamel and Healey 514-526; Hart et al. 429-438). 

Other atrial markers, to include p-wave terminal velocity (He et al. 2066-2072; Kamel et 

al. 2786-2788; Pirinen et al. 196-200) and pro-BNP (Llombart et al. 1187-1195; 

Rodriguez-Yanez et al. 189-195), have been identified as potentially aiding the stroke 

neurologist in identifying this “diseased” atrial state with the important ongoing clinical 

trial, AtRial Cardiopathy and Antithrombotic Drugs in Prevention After Cryptogenic 

Stroke (ARCADIA), randomizing patients to apixaban versus aspirin for secondary 

stroke prevention based on the presence of one of several LA biomarkers (Kamel et al. 

207-214). We suggest that STE might aid in the future to identify patients who have a 

cardiac source for embolism and who might benefit from consideration of another 

therapy. 

We recognize that there are limitations to our study. Our cohort was limited to those 

patients who had a clinical indication for TTE. Although TTE is fairly standard practice 

in nearly all stroke patients admitted to our institution, it may be that this led to selection 

bias. We also recognize that not all participants had atrial-specific images, and the quality 
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of the TTEs varied. However, the images were obtained with the same TTE vendor, and 

the analysis was standardized. Similarly the ascertainment of AF was not uniform and 

instead was dependent on the degree of investigation pursued by the clinical team. It is 

possible cases of AF were underdiagnosed and this could lead to an association falsely 

driven by the undiagnosed AF. As this occurs in standard clinical practice (AF may be 

underdiagnosed), finding evidence of an association with STE would still be meaningful. 

It could be speculated that some of our findings are significant simply as a result of 

multiple comparisons. Our cardiac variables were run in separate models, and the 

variables chosen reflect different aspects of cardiac function. In consideration of this 

possibility, a footnote in the tables indicates which variables maintained their significance 

after adjusting for multiple comparisons (Bonferroni correction); the majority of the 

results remained unchanged.  

In conclusion, we have demonstrated the utility of clinically obtained TTE in diagnosis of 

stroke etiology, and additionally have shown the added value of LA functional analysis 

that can be obtained from STE. Given that cryptogenic stroke may represent underlying 

cardiac dysfunction that is not recognized due to incomplete diagnostic strategies or a yet 

undiscovered cause, LA functional assessment may represent the best next step to a 

greater understanding of the role of the LA in ischemic stroke.   
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Chapter 3: 

The Associations between Left Ventricular structure, 

function, and Cerebral Amyloid: The ARIC-PET 

study 

 

Abstract:  

Objectives: Cardiovascular disease is a known risk factor for cognitive decline, although 

the mechanisms remain unclear. We hypothesize that β-amyloid (Aβ), a core pathology 

of Alzheimer’s Disease (AD), will be associated with subclinical cardiac structure and 

function echocardiogram indices. 

Methods: 306 participants without dementia from the Atherosclerosis Risk in 

Communities study underwent florbetapir (FBP) PET and 2D echocardiography (echo). 

Cross-sectional associations between echo markers of left ventricular (LV) structure, 

systolic and diastolic function and global cortical Aβ (≥1.2 standardized uptake value 

ratio (SUVR)) were evaluated using multivariable logistic regression adjusted for 

vascular risk factors and demographic characteristics. Interaction terms for age, sex and 

race were also modeled.    

Results: Participants ranged in age from 67-88yo, were 57% female and 52% black.  For 

every 1 cm increase in end-diastolic LV diameter, a marker of LV structure, the odds of 

elevated FBP SUVR was doubled (OR 2.04, 95% CI 1.10-3.77). The association between 

LA volume index (per 5 ml/m2) and elevated FBP SUVR was modified by the age of the 

participant, with a significantly increased odds for those <75yo (OR 1.07, 95%CI 1.02-

1.13) but not ≥75 yo (OR 0.97, 95%CI 0.93-1.01; p-interaction 0.014).  
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Conclusions: In this cross-sectional analysis of a cohort of healthy, nondemented 

community-dwelling older individuals, we have demonstrated a significant association 

between a marker of LV structure and elevated FBP SUVR, identified using PET. We 

also demonstrated a difference in the strength and direction of association for cardiac 

markers in different age- and race-defined participant subgroups. Ongoing prospective 

work will help determine if changes in cardiac structure and function either precede, or 

occur simultaneously with deposition of amyloid.  

Introduction: 

While the pathology of athero- and arteriolo-sclerotic cerebrovascular disease was once 

thought of as distinct from Alzheimer’s disease (AD) pathobiology, accumulating 

evidence suggests that there may be more overlap between the pathologic lesions that 

lead to vascular cognitive impairment (VCI) and AD than previously recognized (Skrobot 

et al. 2957-2969).  Brain positron emission tomography (PET) is a powerful tool for 

identifying accumulation of aggregated brain β-amyloid (Aβ), a core feature of AD.  Our 

prior research has shown not only that cardiovascular risk factors are associated with 

cognitive decline and dementia, but also that an elevated level of cardiovascular risk, 

during middle age, is associated with amyloid deposition by PET (Gottesman et al. 1246-

1254). Thus, understanding whether vascular markers or disease, as measured by end-

organ involvement, similarly relate to dementia and its pathophysiology is an important 

area of future study.  

In the Atherosclerosis Risk in Communities (ARIC) study, heart failure is associated with 

dementia, as are subclinical cardiac changes (i.e. left ventricular hypertrophy).  It is 

unclear if the impact of these cardiac pathologies is solely through shared vascular risk 
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factors, or through vascular changes in the brain, or if they might also directly alter AD 

neurodegeneration, perhaps via Aβ deposition (Johansen et al. e008992). There is 

mechanistic plausibility linking cardiac disease, which potentially could lead to a low 

perfusion state, with animal studies of hypoperfusion demonstrating evidence of AD 

neuropathology (Witt et al. 1721-1728; Norby et al. 58-67; Daulatzai 943-972). However, 

whether mild alterations in perfusion from subtle cardiac structure and function changes 

also have an association with AD pathology is not known. Using data from the ARIC-

PET study, we hypothesize that subclinical changes in LV structure and function, 

measured by echocardiography, will be associated with increased amyloid deposition in a 

cohort of healthy older adults without dementia, independent of underlying vascular risk, 

and that these associations will differ by age, race and sex.    

Methods: 

Study Population: 

The ARIC study is a community-based cohort study whose methods for recruitment have 

been previously described ("The Atherosclerosis Risk in Communities (ARIC) Study: 

Design and Objectives. the ARIC Investigators." 687-702). Briefly, 15,792 participants in 

1987-1989 were recruited from 4 US communities: Washington County, MD; Forsyth 

County, NC; Minneapolis, MN, and Jackson, MS. The fifth ARIC study visit (2011-

2013) included the ARIC-NCS (ARIC Neurocognitive Study) which collected cognitive 

batteries, brain magnetic resonance imaging in a subset (MRI, N=1974), and 

echocardiography (N=6118) on surviving participants. Participants underwent MRI 

imaging if they had a prior research brain MRI as part of ARIC (and still had no 

contraindications to MRI imaging), had impaired cognition, or were chosen from an age-
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stratified random sample of normals (Knopman et al. 433-440).  From the group with 

MRI imaging and without evidence of dementia, participants were additionally recruited 

into the ARIC-PET ancillary study (all sites except Minneapolis, MN).  Dementia 

diagnosis was adjudicated by a panel of experts, based on neurocognitive performance 

and change, and informant interview. Mild cognitive impairment (MCI) was similarly 

classified through an adjudication process (Knopman et al. 433-440). For participant 

safety, QT-c interval >450ms, creatinine >2mg/dL, or current heavy alcohol use were 

additional exclusion criteria.   

Brain imaging: 

Details regarding the brain MRI imaging protocols used in ARIC have been previously 

reported (Knopman et al. 433-440). All participants meeting inclusion criteria underwent 

a 3 Tesla Siemens MRI with imaging sequences including diffusion weighted imaging 

and fluid-attenuated inversion recovery sequences; T1-weighted MRI scans were used for 

coregistration with PET images. Florbetapir PET was conducted at the 3 enrolling sites 

with standardization performed to ensure effectively equivalent spatial resolution of 

8.30mm for the three sites. Radioisotope (florbetapir (FBP) was administered with a 

butterfly needle for the 20-minute (4x5minutes) uptake scan, with image acquisition 

between 50-70 minutes. The Johns Hopkins University Department of Radiology, Section 

of High Resolution Brain PET imaging core reviewed all scans for image quality and 

conducted measurements of standardized uptake value ratios (SUVRs) as has been 

previously reported (Gottesman et al. 473-480). The primary unit for analysis was a 

weighted average of 9 brain regions (orbitofrontal, prefrontal, superior frontal cortices, 

lateral temporal, parietal and occipital lobes, precuneus, anterior and posterior cingulates) 
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which were used to define a global cortical measure of aggregated Aβ. Elevated FBP was 

defined as SUVR >1.2, the sample median, due to the highly skewed distribution of the 

data. 

Echocardiography: 

Surviving participants who returned for the 5th study visit (2011-2013) underwent 2-

dimensional, Doppler, tissue Doppler and speckle-tracking echocardiography (Shah et al. 

173-181). LV assessment occurred according to the recommendations of the American 

Society of Echocardiography with LV dimensions and wall thickness measured in the 

parasternal long-axis view, and LV mass indexed to body surface area (Lang et al. 1440-

1463). LV ejection fraction (LVEF) was derived from volumes as is standard practice. 

Coefficients of variation for measures of LV structure, systolic function, and diastolic 

function were consistently ≤10%. For this analysis, echocardiographic primary and 

derived measures were grouped into measures of LV structure: End-diastolic LV 

diameter (cm), Mean LV wall thickness (mm), LV mass index (per 10g per m2); LV 

systolic function: LVEF (per 5%), Average peak longitudinal strain (%) and LV diastolic 

function: Lateral early diastolic myocardial velocity (cm per second), E-Em lateral ratio 

(cm per second), Left atrium (LA) volume index (per 5ml per m2), End-diastolic volume 

(per 5ml).   

Covariate Assessment: 

In this cross-sectional analysis, covariates were defined based on participant status at the 

time of the 5th study visit, with the exception of race, sex and education level which were 

defined at ARIC baseline.  Hypertension was defined as systolic blood pressure ≥140mm 
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Hg, diastolic blood pressure ≥90mm Hg or antihypertensive medication use. Diabetes 

mellitus was defined as a Hemoglobin A1C ≥6.5%. Low density lipoprotein (LDL) was 

analyzed continuously (mg/dl). Race was self-reported (black or white), as was smoking 

status and level of educational attainment. Smoking status was considered a binary 

variable, either having ever smoked cigarettes (ever smoker) versus never smoking. The 

three potential responses for education level were less than high school, graduation from 

high school or General Educational Development (GED) equivalent, or education beyond 

high school (college, graduate work). APOE alleles were considered for participants who 

gave consent for genetic data use, with alleles collapsed into a binary variable for the 

presence or absence of at least one APOE e4 allele.  Cognitive status was defined as 

either normal or mild cognitive impairment, as dementia was an exclusion criterion 

(Knopman et al. 1-11).   

Statistical Analysis: 

Baseline characteristics were examined for the whole cohort and by the age of the 

participant. Categorical variables were reported as percentages, and compared using the 

chi-squared test, and continuous variables were reported as means (standard deviation), 

and compared using the two sample t test. Covariates were chosen on the basis of clinical 

relevance and prior knowledge of their potential to confound associations rather than 

univariate associations with the outcome. Multivariable logistic regression was used to 

model the association of the dependent variable, cerebral amyloid (SUVR>1.2), with 

each cardiac variable, modeled continuously, adjusted for potential confounders and with 

results reported as odds ratios (OR). The adjustment models were Model 1: age (years), 

sex and education level; Model 2: Model 1+ hypertension, diabetes mellitus, low-density 
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lipoprotein (LDL), smoking history; Model 3: Model 2+ APOE e4 and MCI. Interaction 

terms were included where appropriate to model effect modification by age, sex, and 

race. The models were structured to evaluate each independent variable in a separate 

model with inclusion of covariates but, not other cardiac variables, due to concerns for 

collinearity. A sensitivity analysis to assess for reverse causation excluded participants 

with MCI. 

Results: 

346 participants underwent PET and echocardiogram at visit 5.  Participants were 

excluded who reported “other” for race (N=2), were diagnosed with dementia (N=1) or 

were missing echocardiography variables or covariates (N=37), for a total of 306 

participants; another 5 refused use of genetic data so models using APOE utilized 301 

participants.  The average age of the participants was 76 yo, 57% were female, 42% were 

black, 27% had MCI and the majority were hypertensive (72%) with significant 

differences in hypertension, smoking history and mild cognitive impairment between 

those older or younger than 75 (Table 10).    

LV Structure: 

Per 1 cm increase in a participant’s end-diastolic LV diameter, there was a significantly 

increased odds of cerebral amyloid deposition when adjusting for demographics and 

vascular risk factors (OR 1.76; 95% CI 1.01-3.07; Model 2).  The strength of this 

association increased when further adjusting for the presence of an APOE e4 allele and 

cognitive status (OR 2.04, 95% CI 1.10-3.77; Model 3). An increase in LV mass index or 
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mean LV wall thickness, other markers of LV structure, were not associated with an 

increased odds of elevated FBP SUVR (Table 11).      

LV Systolic and Diastolic function: 

Echocardiographic markers of LV systolic function, LVEF and average peak longitudinal 

strain, were not found to be significantly associated with the presence of elevated FBP 

SUVR with effect estimates that hovered around one (Table 11).  Each increase of 1 cm 

per second in E/Em lateral ratio, a marker of LV diastolic function, was not associated 

with increased odds of elevated FBP SUVR in the final adjusted model (OR 1.05; 95% 

CI 0.98-1.13). There was no significant association found between lateral early diastolic 

myocardial velocity or LA volume index and the presence of elevated FBP SUVR. An 

increase in end-diastolic volume was suggestive of increased odds of FBP SUVR, but did 

not reach statistical significance (OR 1.07; 95% CI 1.00-1.16).    

Differences by age, race and sex: 

There was a significant difference between those who were 75 yo and older versus 

younger than 75 yo in the degree of association between changes in LA volume index 

and the presence of elevated FBP SUVR (p-interaction 0.014).  For those who were 

younger than 75 yo, there was a significantly increased odds of elevated FBP SUVR (OR 

1.07, 95% CI 1.02-1.13) without similar findings in those 75 yo and older (OR 0.97, 95% 

CI 0.93-1.01; Figure 7), per 5 ml/ m2 change in LA volume index.  The association of 

average peak longitudinal strain, a marker of LV systolic function, and elevated FBP 

SUVR was not modified by age but was modified by race (p-interaction 0.077).  Per 1% 

increase in strain, black participants had an increased odds of elevated FBP SUVR (OR 
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1.17, 95% CI 0.96-1.43) but odds were decreased for those participants who were white 

(OR 0.89, 95% CI 0.76-1.04; Figure 8), although these findings did not meet statistical 

significance.  There were no differences in the association of the echocardiographic 

markers with elevated FBP SUVR by sex (Figure 9).    

Sensitivity analysis in participants with normal cognition only: 

In a sensitivity analysis excluding those with MCI (leaving an N=219), we find similar 

associations as in the primary analysis (Table 12). 

Discussion: 

In this cross-sectional analysis of a cohort of nondemented, community-dwelling older 

individuals, we have demonstrated a significant association between an 

echocardiographic marker of LV structure and elevated FBP SUVR, a validated 

biomarker of aggregated Aβ accumulation, after accounting for demographics, 

cardiovascular risk factors and APOE e4 allele status. We have also demonstrated that 

there is a difference in the strength and direction of association between elevated FBP 

SUVR and LA volume index, a marker of LV diastolic dysfunction, in the oldest (ages 

≥75 yo) participants vs those less than 75 yo. While these associations are intriguing, the 

causal links between the features of cardiac dysfunction and elevations of brain Aβ are 

unknown at this time. 

It is recognized that overt cardiac disease, such as heart failure and atrial fibrillation, can 

result in cognitive impairment or subsequent cognitive decline (Sterling et al. 130-136; 

Cannon et al. 464-475; Witt et al. 1721-1728; Nishtala et al. 166-172; Alonso et al. 

10.1161/JAHA.117.006014). Heart failure represents a particularly looming burden to the 
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US, with projections reporting an increase in cost of 127% by 2030 (Sterling et al. 130-

136). Prevalence of cognitive impairment in heart failure cohorts has been cited at 43% 

(Cannon et al. 464-475). The literature has hinted that overt cardiovascular disease, 

however, is not required or necessary for the development of cognitive impairment. More 

subtle changes have also been suggested to be associated with cognitive decline. Resting 

heart rate ≥80 beats/min measured in mid-life was independently associated with 

cognitive decline and incident dementia over a mean follow-up of 20 years (Wang et al. 

334-340). In ARIC, left ventricular hypertrophy, defined using electrocardiogram, was 

found to be associated with an increased risk of incident dementia (Norby et al. 58-67). 

However, while these studies emphasize the potential role of vascular risk and heart 

disease, both clinical and subclinical, in the development of cognitive impairment and 

dementia, these studies are not specific for dementia etiology and do not help clarify 

mechanistically how cardiac disease may impact cognition. 

Characterizing the vascular contributions to cognitive impairment and dementia (VCID) 

and AD is challenging, especially given the frequency of mixed pathologies and the 

relatively high prevalence of both AD and vascular pathologies. Pathology based studies 

suggest that the majority of dementia cases have evidence of both ischemic lesions as 

well as known features of AD, such as amyloid plaques and neurofibrillary tangle 

pathology (Iadecola 844-866). Thus, when an association between cardiovascular disease 

and dementia, and even clinically diagnosed AD, is observed, it is difficult to evaluate if 

this association is related at all to AD pathogenesis. The apparent role of cardiovascular 

disease in AD may simply be explained because cardiovascular disease may lower 

performance below a clinically detectable threshold, through vascular changes in the 
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brain: an individual may be more likely to appear clinically demented if both vascular/ 

cardiovascular and AD pathologies are each present, even without acting on each other. 

The presence of vascular changes in the brain has been associated with lower levels of 

AD neuropathology for a given level of cognitive impairment, supporting this hypothesis 

(Toledo et al. 2697-2706).   

Animal data and some prior human data, however, support the possibility that 

cardiovascular disease might have a more direct impact on brain Aβ deposition and 

ultimately AD. Chronic cerebral hypoperfusion in animal models led to more 

aggregation-prone Aβ oligomers, potentially accelerating AD pathology (Bannai et al. 

2827-019-39494-7). In humans, hypoperfusion is associated with both heart failure and 

incident dementia and could possibly contribute to the reduced clearance of Aβ, but there 

are no published studies to suggest that such a mechanistic link actually occurs. Subtle 

cardiac dysfunction is not likely to lead to significant hypoperfusion, but long-term 

exposure to subtle hypoperfusion, or recurrent hypoperfusion, as might occur in 

conditions such as orthostatic hypotension, has been associated with cognitive decline 

and dementia (Rawlings et al. e759-e768). Similarly, subtle cardiac dysfunction might 

lead to intermittent hypoxia, which has been associated with amyloid pathology in animal 

models of sleep apnea (Macheda et al. 55-63). Other potential mechanisms include 

contributions to blood brain barrier dysfunction, as has been described in longstanding 

hypertension, or even changes in cerebrovascular reactivity, both of which could be 

relevant to the development of AD and in the vascular contribution to AD (Mueller and 

Heistad 809-812; Georgiadis et al. 407-413; Sweeney et al. 158-167). Endothelial 

dysfunction, possibly via increases in inflammation, may mediate the impact of heart 
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failure on cognitive dysfunction, and these changes may influence Aβ deposition and AD 

development itself (Adamski et al. 10.1161/JAHA.117.007694; Daulatzai 943-972).   

With the availability of amyloid-specific imaging markers, such as florbetapir, it is now 

possible to directly study mechanism by which cardiovascular disease might contribute to 

dementia, and specifically to evaluate associations with brain Aβ deposition, as an 

obligatory component of AD. Our prior ARIC-PET studies have shown that vascular risk 

factors (particularly when present in midlife) are associated with elevated FBP uptake in 

late-life (Gottesman et al. 1246-1254). This study expands on that prior work by 

demonstrating that several cardiac markers are associated with amyloid, albeit cross-

sectionally, and this association is independent of other vascular risk factors, supporting 

the possibility that cardiac disease might have a more direct impact on AD pathogenesis. 

The robustness of some of our findings despite adjustment for underlying shared vascular 

risk suggests that this is not entirely due to shared vascular risk, or at least the cardiac 

measures are representative of underlying vascular risk otherwise not well captured in 

traditional risk factors. This study suggests that cardiac disease, including subclinical 

changes, might act on dementia via direct influences on cerebral Aβ, however the 

mechanism by which this impact on Aβ might occur is unclear. 

In this study, we used echocardiography to evaluate LV structure, systolic function and 

diastolic function, and were able to directly image Aβ deposition using FBP PET. Other 

cross-sectional and longitudinal research that did not include direct evaluation of AD-

related processes is at least consistent with our findings using echocardiographic data, 

adding credence to our results. Increases in LV end-diastolic diameter were associated 

with poorer performance on cognitive batteries, particularly attentive and executive 
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functioning decline (Carbonara et al. 39-45). In the Multi-Ethnic Study of Atherosclerosis 

(MESA), another community-based cohort, higher LV mass index and LV mass to 

volume ratio was associated with incident dementia over a median follow-up of 12 years 

(Moazzami et al. 429-436). While we did not find an association with LV mass 

specifically, other work, such as from Framingham, suggests that the relationship is more 

nuanced, with a similar attenuation of the association found when adjusting for 

cardiovascular risk and disease (Elias et al. 439-445). 

Our study now adds to these results by showing an association between a marker of LV 

structure, end-diastolic LV diameter, and elevated FBP SUVR, a biomarker of a critical 

AD process. Our findings remained significant despite adjustment for vascular risk 

factors and APOE, demographics, and cognitive status, suggesting that the relationship is 

not simply due to shared risk, and that cardiac disease might directly be related to AD 

pathogenesis, as we previously reported for vascular risk factors (Gottesman et al. 1246-

1254). It is plausible that the cognitive decline that has been described in heart disease is 

more subtle in onset and that subclinical changes in cardiac structure and function either 

precede or simultaneously occur with changes in brain structure known to cause cognitive 

decline. 

An important point of clarification when addressing associations between CVD and AD 

pathology, particularly for neurologists, is recognizing that while cognitive dysfunction 

can be seen in individuals with untreated hereditary transthyretin amyloidosis (Ghiso, 

Fossati, and Rostagno S167-76) this so-called cardiac amyloid is a completely different 

peptide.  Therefore cardiac amyloidosis and brain beta-amyloidosis have no overlap in 

terms of pathophysiology.  
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We also sought to characterize whether our associations would be different based on age, 

sex or race. LA physiology is a critical component of the pathology of embolic stroke and 

cerebrovascular disease, but has not garnered as much attention as subclinical ventricular 

disease when considering cognition. LA diameter has been associated with cognitive 

dysfunction in smaller cohorts (Alosco et al. 544-552; Karadag et al. 1074-1078).  We 

did not find an association with the presence of elevated FBP SUVR and increases in LA 

volume index in the overall sample, but did find that the association was modified by age, 

with elevated FBP SUVR less influenced by increases in LA volume among older 

participants.  Average longitudinal strain is frequently used in cardiac care due to its 

ability to identify subclinical heart disease, even in the presence of a normal LVEF. 

Compromised longitudinal strain was associated with worse naming and recall, even 

when LVEF did not show a similar association (Kresge et al. 

10.1161/JAHA.117.007562). We did not find a significant association with the presence 

of elevated FBP SUVR and increases in strain, but there was a slight difference in the 

magnitude and direction of association between blacks and whites, with the same 

increase in peak longitudinal strain (%) having a higher odds of cerebral amyloid in 

blacks than whites. We recognize that multiple subgroups were considered in this 

analysis so we consider our finding cautiously, but the knowledge that race modifies the 

association between some vascular risk factors and cognition is supported by other work 

and should be considered in future research (Gottesman et al. 1218-1227).  

While this analysis is strengthened by the use of PET in a community-based sample to 

define elevated Aβ and is enriched by the inclusion of minorities, there are limitations to 

this analysis.  We recognize that associations do not imply causation and that this 
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analysis was cross-sectional in nature and participants were not followed over time for 

development of dementia; thus, it is plausible that cardiac dysfunction or changes are a 

result of early neurodegeneration, due to reverse causation.  Our sensitivity analysis, 

excluding those with MCI, found similar associations, making reverse causation less 

likely, but we recognize that this sensitivity analysis may be underpowered. The 

continued data collection in ARIC-NCS and ARIC-PET is to address such questions with 

planned future study visits and longitudinal follow-up.  We also recognize that 

participants were included irrespective of AF history, which could influence 

echocardiographic findings, leading to residual confounding. Finally, our cohort 

specifically includes individuals without dementia. This inclusion may lead to a survival 

bias, so that those individuals with the most severe cardiac dysfunction or cardiac 

structural abnormalities might not be included in this cohort, both due to death at a 

younger age but also higher probability of developing dementia (regardless of etiology) 

and thus were excluded from this analysis.  

In conclusion, we have demonstrated an association between an echocardiographic 

marker of LV structure and elevated FBP SUVR, an imaging feature of known 

importance in the development of AD. We are hopeful that with accumulation of 

longitudinal data and development of imaging techniques and biomarkers, insight into the 

precise mechanisms by which subclinical CVD plays a role in the presence of subclinical 

cerebrovascular pathology and cognitive decline will become more apparent.            
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Conclusion: 

The Way Forward: Exploring new frontiers in the 

diagnosis and treatment of embolic appearing 

ischemic stroke 

A superior approach to patients with embolic appearing strokes should consider cardiac 

substrate in light of systemic factors, for example those that may contribute to an atrial 

cardiopathy, which then leads to stroke. This would help determine the source of the 

embolus, and eventually, fuel research determining appropriate secondary stroke 

prevention. As described in this dissertation, AF may simply be one marker of underlying 

LA pathology, with other changes in either the structure or function of the LA leading to 

CS. The body of work described in this dissertation has laid the foundation for ongoing 

future efforts that use more advanced technology and cardiac biomarkers that may hold 

the key in future cardiac evaluation of stroke patients. As there is currently no gold 

standard and lack of consensus as to which tests should be ordered clinically, the most 

ideal imaging to define atrial cardiopathy would enable visualization of atrial structure 

and function while concurrently examining other potential sources of CS-appearing 

strokes that are treated differently: i.e. extensive aortic atherosclerosis which can be seen 

on C-CTA for example, and also can embolize but should not be treated with AC, but 

rather high dose statin therapy and antiplatelet medications.  The description of the LAA 

shape, and imaging blood flow characteristics that could define turbulent cardiac flow for 

example could add value in identifying those patients at increased risk for CS and can be 

obtained from the same test (C-CTA).  Additionally, head and neck CTA is obtained for 

the majority of acute ischemic stroke patients in order to assess eligibility for emergent 
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thrombectomy, or clot retrieval. Given that these patients will already receive intravenous 

contrast and have a clinical indication (stroke related) for CTA, one could imagine in the 

future the window of image acquisition easily expanded to include cardiac structures in 

the same sequence. 

It is also important to characterize what long-term outcomes result from changes in 

isolated LA structure and function. This dissertation contains work describing 

associations with LV structure and function, which is closely tied to the LA cycle, and an 

imaging marker of brain Aβ. Ongoing work should and will address the relationship 

between features of the LA and stroke recurrence, hospital readmission, mortality and 

cognitive performance post-stroke. Such outcomes are perhaps the most important to 

patients and their family members.  

Finally, future clinical trials should acknowledge the essential knowledge gap described 

herein; specifically, all embolic appearing strokes are not secondary to AF, and 

approximately 40% of CS are not related to AF. The aforementioned ARCADIA trial 

represents an essential first step in embolic stroke research, defining atrial cardiopathy 

using readily available biomarkers and then randomizing patients to AC versus 

antiplatelet medications for stroke secondary prevention if they meet criteria for atrial 

cardiopathy. Such research is important, and the results eagerly anticipated, and will help 

usher in a new era of stroke research in which the heart-brain axis is fully considered in 

the patient evaluation, and the ultimate prevention of ischemic stroke.  
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Table 1: Demographic characteristics and Transthoracic echocardiogram (TTE) 

features of patients 

Characteristics of the patients at baseline (N=332) Values*   

Age, years; mean (SD) 60.98 (14.07) 

Male sex 181 (54.5%) 

Black race 187 (56.3%) 

Body mass index, kg/m2, mean (SD) 29.34 (8.63) 

Hemoglobin A1C, %, mean (SD) 6.70 (3.44) 

Low density lipoprotein, mg/dL, mean (SD) 100.50 (40.69) 

International normalized ratio, mean (SD) 1.15 (0.61) 

Admission NIHSS, mean (SD) 6.18 (5.53) 

Prior Hypertensive medication use 222 (66.9%) 

Prior antithrombotic medication use 157 (47.3%) 

Prior cholesterol lowering drugs 141 (42.5%) 

TTE variables 
 

Left atrial systolic diameter, mean (SD) 3.58cm (0.63) 

Left ventricular ejection fraction, mean (SD) 57.07% (13.28) 

Left ventricular posterior wall diastolic thickness, mean 

(SD) 

1.10cm (0.86) 

Intraventricular septal diastolic thickness, mean (SD) 1.18cm (0.30) 

Mitral A point velocity, mean (SD) 81.96 cm/s (27.18) 

Mitral E point velocity, mean (SD) 78.43 cm/s (24.25) 

Aortic valve dysfunction 17 (5.1%) 

Mitral annular calcification 57 (17.2%) 

Mitral valve dysfunction 18 (5.4%) 

Wall motion abnormality 83 (25.2%) 

Septal defect 23 (6.9%) 

*N(%) listed unless otherwise specified 

NIHSS=National Institutes of Health Stroke Scale 

 

 

 



62 
 

 

Table 2: Multivariable Logistic Regression demonstrating the adjusted odds ratios (OR) of cardioembolic stroke with 

echocardiography variables  

Echo Variable Total 

N 

Model 1 Model 2 Model 3  
OR 95% CI OR 95% CI OR  95% CI 

Left atrial systolic diameter (per 0.1cm) 329 1.06* 1.02 1.11 1.09* 1.04 1.15 1.09* 1.04 1.15 

Left atrial diameter, dichotomized 329 2.37* 1.33 4.21 3.32* 1.76 6.26 3.31* 1.75 6.27 

Left ventricular ejection fraction (per 10%) 332 0.66* 0.54 0.79 0.66* 0.54 0.80 0.65* 0.53 0.79 

Left ventricular posterior wall diastolic thickness (cm) 329 0.94 0.83 1.06 0.94 0.83 1.06 0.97 0.87 1.08 

Interventricular septal diastolic thickness (cm) 328 0.92 0.84 1.02 0.94 0.85 1.04 0.94 0.85 1.04 

Mitral A point velocity (cm/s) 301 0.99* 0.98 1.00 0.99* 0.98 1.00 0.99* 0.98 1.00 

Mitral E point velocity (cm/s) 314 1.03* 1.02 1.05 1.03* 1.02 1.05 1.04* 1.02 1.05 

Aortic valve dysfunction 329 1.76 0.62 5.01 1.53 0.53 4.41 1.51 0.52 4.41 

Mitral annular calcification 332 0.44* 0.20 0.97 0.45 0.20 1.02 0.47 0.21 1.07 

Mitral valve dysfunction 332 3.78* 1.42 10.02 3.58* 1.31 9.77 3.70* 1.35 10.15 

Wall motion abnormality 330 2.00* 1.13 3.55 2.10* 1.16 3.79 2.18* 1.19 3.97 

Septal defect 331 1.42 0.52 3.83 1.26 0.46 3.47 1.31 0.47 3.60 

Each row represents a separate model, with adjustments as described below (TTE variables are not included together in these 

models). 

*Denotes a significant finding (p<0.05) 

ꭞAdjustment models 

Model 1: Adjusted for age, sex, race 

Model 2: Adjusted for model 1 variables and hypertensive medication use, body mass index, hemoglobin A1C and low density 

lipoprotein 

Model 3: Adjusted for model 2 variables and INR, antithrombotic medication use and anticholesterol medication use 
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Table 3: Multivariable Logistic Regression demonstrating the adjusted odds ratios (OR) of cardioembolic stroke with 

echocardiography variables in one model  
ORꭞ  95% CI 

Left atrial systolic diameter (per 0.1 cm) 0.96 0.90 1.03 

Left ventricular ejection fraction (per 10%) 0.57* 0.41 0.80 

Left ventricular posterior wall diastolic thickness (cm) 0.94 0.77 1.16 

Interventricular septal diastolic thickness (cm) 1.04 0.88 1.24 

Mitral A point velocity (cm/s) 0.99* 0.97 1.00 

Mitral E point velocity (cm/s) 1.04* 1.02 1.06 

Aortic valve dysfunction 2.92 0.74 11.58 

Mitral annular calcification 0.14* 0.03 0.72 

Mitral valve dysfunction 1.98 0.45 8.79 

Wall motion abnormality 0.87 0.30 2.52 

Septal defect 2.37 0.70 7.99 

*Denotes a significant finding 

ꭞAdjusted for age, sex, race, hypertensive medication use, body mass index, hemoglobin A1C, low density lipoprotein, INR, 

antithrombotic medication use and anticholesterol medication use 
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Table 4: Multivariable Logistic Regression demonstrating the odds ratios (OR) of cardioembolic stroke including new AF  
ORꭞ  95% CI 

Left atrial systolic diameter (per 0.1 cm) 1.08* 1.03 1.12 

Left ventricular ejection fraction (per 10%) 0.65* 0.53 0.79 

Left ventricular posterior wall diastolic thickness (cm) 0.97 0.88 1.08 

Interventricular septal diastolic thickness (cm) 0.94 0.85 1.03 

Mitral A point velocity (cm/s) 0.99* 0.98 1.00 

Mitral E point velocity (cm/s) 1.02* 1.01 1.03 

Aortic valve dysfunction 1.92 0.70 5.28 

Mitral annular calcification 0.30* 0.12 0.69 

Mitral valve dysfunction 3.51* 1.32 9.33 

Wall motion abnormality 2.05* 1.13 3.71 

Septal defect 1.25 0.44 3.53 

*Denotes a significant finding 

ꭞ Adjusted for age, sex, black race, prior hypertensive medication use, body mass index, hemoglobin A1C, low density lipoprotein, 

INR, prior antithrombotic medication use, prior anticholesterol medication use, new AF 
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Table 5: Multivariable Logistic Regression demonstrating the adjusted odds ratios (OR) of new atrial fibrillation with each echocardiography variable  

Echo variable Total 

N 

Model 1 Model 2 Model 3 Model 4  
OR 95% CI OR 95% CI OR  95% CI OR 95%CI 

Left atrial systolic diameter (per 0.1cm) 329 1.13* 1.04 1.22 1.11* 1.03 1.21 1.10* 1.01 1.20 1.10* 1.01 1.20 

Left atrial diameter, dichotomized 329 2.71 0.96 7.64 2.56 0.88 7.44 2.15 0.70 6.55 2.37 0.81 7.00 

Left ventricular ejection fraction (per 

10%) 332 1.03 0.71 1.50 1.01 0.68 1.49 1.05 0.70 1.57 1.03 0.69 1.54 

Left ventricular posterior wall diastolic 

thickness (cm) 329 1.02 0.98 1.06 1.02 0.98 1.07 1.03 0.98 1.08 1.02 0.98 1.07 

Interventricular septal diastolic thickness 

(cm) 328 1.13 0.96 1.34 1.11 0.93 1.32 1.13 0.94 1.35 1.14 0.95 1.37 

A point velocity (cm/s) ‡ 301 0.98 0.96 1.01 0.97 0.94 1.00 0.99 0.94 1.04 0.99 0.95 1.04 

E point velocity (cm/s) ‡ 314 1.02 0.99 1.04 1.02 0.99 1.04 1.01 0.99 1.04 1.01 0.99 1.04 

Aortic valve dysfunction 332 0.81 0.09 7.36 0.73 0.08 7.03 0.66 0.07 6.36 0.84 0.09 8.06 

Mitral annular calcification 332 2.42 0.83 7.03 2.37 0.78 7.19 2.77 0.87 8.82 2.59 0.82 8.19 

Wall motion abnormality 330 0.52 0.14 1.92 0.59 0.16 2.23 0.66 0.18 2.49 0.63 0.17 2.39 

Septal defect 331 1.14 0.13 9.74 1.11 0.12 10.05 1.04 0.11 9.64 0.95 0.10 8.86 

Each row represents a separate model, with adjustments as described below (TTE variables are not included together in these models). 

*Denotes a significant finding (p<0.05) 

ꭞAdjustment models 

Model 1: Adjusted for age, sex, race 

Model 2: Adjusted for model 1 and hypertensive medication use, body mass index, hemoglobin A1C and low density lipoprotein 

Model 3: Adjusted for model 2 and INR, antithrombotic medication use and anticholesterol medication use 

Model 4: Adjusted for model 2 and INR, anticoagulant use and anticholesterol medication use 

‡ hypertensive medication use (Models 2,3) and anticoagulant use (Model 4) dropped for model stability 
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Table 6: Characteristics of the patients at baseline (N=151) 

Age, y 61 (14) 

Female sex, n (%) 86 (57) 

Black race, n (%) 88 (58) 

Body mass index, kg/m2 29.0 (7.0) 

Hemoglobin A1C, % 6.3 (1.8) 

Low-density lipoprotein, mg/dL 103.4 (42.5) 

Systolic blood pressure, mmHg 151.4 (32.3) 

Smoker, n (%) 84 (56) 

History of atrial fibrillation, n (%) 29 (19%) 

*All values are mean (SD) unless otherwise noted, Smoker defined as ever versus never smoker 
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Table 7: Multivariable logistic regression of cardiac variables with cardioembolic stroke subtype 

Cardiac variable Number of 

observations 

with 

available 

data 

Model 1 OR 95% CI Model 2 

OR 

95% CI Model 3 

OR 

95% CI 

LV Structure 

EF<55% 149 

 

2.09 

 

0.78-5.60 2.51 0.83-7.58 4.45 1.13-17.56 

 

LV ejection fraction (5%) 149 0.74 0.59-0.93 

 

0.75 0.58-0.97 

 

0.66 0.48-0.90 

LV end-diastolic volume 

(5ml/m2) 

141 

 
1.12 

 

1.01-1.24 1.10 0.99-1.24 

 

1.11 0.96-1.29 

LV end-systolic volume 

(5ml/m2) 

140 1.18 1.01-1.37 1.19 0.98-1.43 

 

1.24 0.97-1.59 

 

LV stroke volume (5ml/m2) 140 1.04 0.84-1.28 1.04 0.84-1.29 

 

0.97 

 

0.74-1.27 

LV mass (5g/m2) 145 1.03 0.96-1.09 1.04 0.97-1.12 

 

1.01 0.92-1.10 

LV end-diastolic internal 

diameter (cm) 

149 2.51* 1.36-4.61 1.91 0.97-3.76 2.70 1.17-6.20 

LV Diastolic Function 

Mitral E/A ratio 140 3.45* 2.00-5.94 

 

3.17* 1.82-5.53 

 

2.25* 1.25-4.06 

 

E prime average (cm/sec) 133 1.07 0.89-1.29 1.05 0.86-1.28 

 

1.01 0.78-1.30 

Mitral E/E prime ratio 131 1.06 0.98-1.14 1.05 0.97-1.14 

 

1.10 0.99-1.23 
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LA Volumes 

LA antero-posterior 

maximum systolic diameter 

(cm) 

149 

 
4.45* 

 

2.17-9.16 

 

4.39* 1.92-10.02 

 

2.96 1.14-7.69 

 

Maximum LA volume 

(LAVmax, ml/m2) 

146 1.04* 1.02-1.07 1.04* 1.01-1.07 

 

1.02 0.98-1.05 

Minimum LA volume 

(LAVmin, ml/m2) 

146 1.07* 1.04-1.11 1.07* 1.03-1.11 

 

1.04 1.00-1.08 

 

Pre-atrial contraction LA 

volume (LAVpre, ml/m2) 

129 1.03 0.99-1.06 1.02 0.99-1.06 

 

1.01 0.96-1.05 

LA active phase 

Late negative peak strain rate 

(LASra, sec-1) 

129 1.92* 1.22-5.45 

 

1.72 1.07-2.76 

 

1.42 0.82-2.46 

 

Active LA emptying fraction 

(5%) 

132 0.68* 0.54-0.85 

 

0.71* 0.56-0.90 

 

0.74* 0.57-0.95 

LA conduit phase 

Early negative peak strain 

rate (LASre, sec-1) 

135 1.35 0.79-2.30 1.42 0.81-2.50 1.71 0.80-3.62 

 

Passive LA emptying 

fraction (5%) 

132 1.00 0.83-1.21 1.01 0.83-1.23 1.00 0.96-1.05 

LA reservoir phase 

Maximum global 

longitudinal strain (LSmax, 

5%) 

141 0.64* 0.50-0.80 0.64* 0.50-0.82 

 

0.68* 0.52-0.90 

 

Systolic peak strain rate (sec-

1) 

141 0.18* 0.06-0.53 0.20* 0.07-0.60 

 

0.28 0.08-0.95 

 

Total LA emptying fraction 

(5%) 

149 0.72* 0.61-0.85 0.76* 0.64-0.90 0.80 0.67-0.97 
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Table 7 Abbreviations: LV=Left ventricular, LA=Left atrial, CI=Confidence Interval, BMI=Body mass index, HgA1C=Hemoglobin 

A1C, AF=Atrial Fibrillation 

Adjustment models: Model 1-Age(years), sex, black race; Model 2-Model 1+BMI(kg/m2), LDL( mg/dL), HgA1C(%), systolic blood 

pressure (mmHg), current smoker; Model3-Model2+AF 

Bolded numbers indicate statistical significance under the two-sided p<0.05 assumption 

*Indicates associations that retain significance after adjusting for multiple comparisons (Bonferroni correction).  

The gray shading indicates that an increase (more positive) in late negative peak strain rate and early negative peak strain rate is 

typically thought of as poorer or worse strain function, higher values indicate better functioning for other variables.   
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Table 8: Multivariable logistic regression of cardiac variables with cardioembolic stroke subtype among those without a 

history of atrial fibrillation 

Cardiac variable Number of 

observations 

with 

available 

data 

Model 1 OR 95% CI Model 2 

OR 

95% CI 

LV Structure 

EF<55% 118 7.00 1.53-31.96 27.16 2.40-306.89 

LV ejection fraction (5%) 115 0.54 0.35-0.85 0.39 0.18-0.84 

LV end-diastolic volume (5ml/m2) 

113 1.21 1.02-1.43 1.18 0.98-1.43 

LV end-systolic volume (5ml/m2) 112 1.34 1.02-1.77 1.38 0.98-1.95 

LV stroke volume (5ml/m2) 112 1.02 0.72-1.44 1.02 0.71-1.47 

LV mass (5g/m2) 115 1.01 0.90-1.12 1.02 0.88-1.17 

LV end-diastolic internal diameter (cm) 118 8.25 2.46-27.66 8.32 1.93-35.79 

LV Diastolic Function 

Mitral E/A ratio 111 3.12 0.85-11.51 4.94 0.78-31.20 

E prime average (cm/sec) 104 0.94 0.68-1.30 0.81 0.54-1.23 

Mitral E/E prime ratio 103 1.07 0.95-1.21 1.16 0.97-1.38 

LA Volumes 

LA antero-posterior maximum systolic 

diameter (cm) 118 6.09 1.89-19.58 7.34 1.41-38.31 

Maximum LA volume (LAVmax, ml/m2) 116 1.05 1.001-1.09 1.04 0.99-1.10 

Minimum LA volume (LAVmin, ml/m2) 116 1.07 1.01-1.12 1.04 0.98-1.10 

Pre-atrial contraction LA volume (LAVpre, 

ml/m2) 108 1.03 0.98-1.08 1.01 0.95-1.07 

LA active phase 

Late negative peak strain rate (LASra, sec-1) 104 1.45 0.72-2.94 1.16 0.51-2.68 



71 
 

Active LA emptying fraction (5%) 110 0.52 0.34-0.80 0.51 0.30-0.88 

LA conduit phase 

Early negative peak strain rate (LASre, sec-1) 107 1.55 0.67-3.63 1.72 0.69-4.29 

Passive LA emptying fraction (5%) 110 0.96 0.75-1.24 1.01 0.77-1.34 

LA reservoir phase 

Maximum global longitudinal strain (LSmax, 

5%) 111 0.75 0.55-1.03 0.74 0.52-1.06 

Systolic peak strain rate (sec-1) 111 0.46 0.11-1.91 0.48 0.10-2.24 

Total LA emptying fraction (5%) 119 0.72 0.56-0.92 0.78 0.59-1.03 

Abbreviations: LV=Left ventricular, LA=Left atrial, CI=Confidence Interval, BMI=Body mass index, HgA1C=Hemoglobin A1C, 

AF=Atrial Fibrillation 

Adjustment models: Model 1-Age (years), sex, black race; Model 2-Model 1+BMI(kg/m2), LDL( mg/dL), HgA1C(%), systolic blood 

pressure (mmHg), current smoker 

Bolded numbers indicate statistical significance under the two-sided p<0.05 assumption 

*Indicates associations that retain significance after adjusting for multiple comparisons (Bonferroni correction).  

The gray shading indicates that an increase (more positive) in late negative peak strain rate and early negative peak strain rate is 

typically thought of as poorer or worse strain function, higher values indicate better functioning for other variables.   
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Table 9: Multivariable logistic regression of cardiac variables with stroke of unknown cause 

Cardiac variable Number of 

observations 

with 

available 

data 

Model 1 OR 95% CI Model 2 

OR 

95% CI Model 3 

OR 

95% CI 

LV Structure 

EF<55% 122 0.69 0.23-2.09 0.74 0.22-2.47 0.73 0.22-2.45 

LV ejection fraction (5%) 119 1.18 0.89-1.56 1.17 0.87-1.59 1.17 0.86-1.58 

LV end-diastolic volume 

(5ml/m2) 
116 1.00 0.88-1.13 0.98 0.86-1.12 0.98 0.86-1.12 

LV end-systolic volume 

(5ml/m2) 
115 0.99 0.80-1.23 0.98 0.86-1.12 0.98 0.78-1.24 

LV stroke volume (5ml/m2) 115 1.07 0.87-1.33 0.98 0.78-1.24 1.03 0.83-1.29 

LV mass (5g/m2) 118 1.02 0.95-1.08 1.04 0.83-1.29 1.03 0.96-1.10 

LV end-diastolic internal 

diameter (cm) 
122 1.49 0.82-2.73 1.53 0.78-3.00 1.52 0.77-2.99 

LV Diastolic Function 

Mitral E/A ratio 116 1.09 0.60-1.97 1.11 0.59-2.09 1.22 0.62-2.43 

E prime average (cm/sec) 109 0.94 0.79-1.13 0.91 0.74-1.12 0.90 0.73-1.12 

Mitral E/E prime ratio 107 1.06 0.99-1.14 1.07 0.99-1.17 1.08 0.99-1.18 

LA Volumes 

LA antero-posterior 

maximum systolic diameter 

(cm) 122 1.50 0.75-3.02 1.67 0.74-3.78 1.86 0.79-4.41 

Maximum LA volume 

(LAVmax, ml/m2) 119 1.03 1.003-1.06 1.03 0.999-1.06 1.03 1.001-1.06 

Minimum LA volume 

(LAVmin, ml/m2) 119 1.04 1.003-1.08 1.04 0.999-1.08 1.04 1.001-1.09 
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Pre-atrial contraction LA 

volume (LAVpre, ml/m2) 110 1.03 1.002-1.07 1.03 0.999-1.06 1.03 0.999-1.06 

LA active phase 

Late negative peak strain rate 

(LASra, sec-1) 108 1.34 0.94-1.91 1.28 0.89-1.85 1.28 0.88-1.86 

Active LA emptying fraction 

(5%) 113 0.85 0.73-0.99 0.83 0.69-0.99 0.82 0.68-0.98 

LA conduit phase 

Early negative peak strain 

rate (LASre, sec-1) 112 0.82 0.52-1.31 0.77 0.45-1.31 0.77 0.46-1.32 

Passive LA emptying 

fraction (5%) 113 1.01 0.86-1.19 1.02 0.86-1.22 1.02 0.86-1.22 

LA reservoir phase 

Maximum global 

longitudinal strain (LSmax, 

5%) 115 0.94 0.78-1.13 0.90 0.73-1.11 0.89 0.72-1.10 

Systolic peak strain rate (sec-

1) 115 0.96 0.44-2.07 0.93 0.39-2.19 0.92 0.39-2.19 

Total LA emptying fraction 

(5%) 123 0.92 0.80-1.05 0.92 0.79-1.07 0.91 0.78-1.06 

Abbreviations: LV=Left ventricular, LA=Left atrial, CI=Confidence Interval, BMI=Body mass index, HgA1C=Hemoglobin A1C, 

AF=Atrial Fibrillation 

Adjustment models: Model 1-Age(years), sex, black race; Model 2-Model 1+BMI(kg/m2), LDL( mg/dL), HgA1C(%), systolic blood 

pressure (mmHg), current smoker, Model3-Model2+AF 

Bolded numbers indicate statistical significance under the two-sided p<0.05 assumption 

*Indicates associations that retain significance after adjusting for multiple comparisons (Bonferroni correction).  

The gray shading indicates that an increase (more positive) in late negative peak strain rate and early negative peak strain rate is 

typically thought of as poorer or worse strain function. All other variables follow the standard direction of association.   
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Table 10: Demographics and risk factors by age for included participants 

Participant characteristic 
<75 years old (N=170) ≥75 years old (N=136) p-value 

Female 85 (63%) 89 (52%) 0.075 

Black race 58 (43) 69 (41) 0.72 

Ever smoker 61 (45) 115 (68) <0.001 

Hypertension 88 (65) 133 (78) 0.009 

Low density lipoprotein, mean (SD) 
107 (32) 104 (31) 0.38 

Diabetes  40 (29) 58 (34) 0.38 

APOE e4 allele (N=301) 43 (32) 51 (31) 0.77 

Education level 

           Less than High School 

           High School Graduate or equivalent 

          >High school graduation 

 

17 (13) 

59 (43) 

60 (44) 

 

31 (18) 

72 (42) 

67 (39) 

0.37 

Mild cognitive impairment 29 (21) 54 (32) 0.04 

* Values are N (%) unless otherwise specified; Hypertension was defined as systolic blood pressure ≥140, diastolic blood pressure 

≤90 or antihypertensive medication use, Diabetes was defined as a hemoglobin A1C ≥6.5% 
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Table 11: Odds of elevated global cortical cerebral amyloid by florbetapir PET (SUVR>1.2) by various cardiac variables (N=306) 

Cardiac Independent variable 
OR 

(Model 1) 
95% CI 

OR  

(Model 2) 
95% CI 

OR 

 (Model 3) 
95% CI 

LV structure 

End-diastolic LV diameter (cm) 1.65 0.96-2.84 

 

1.76 1.01-3.07 

 

2.04 1.10-3.77 

 

Mean LV wall thickness (mm) 1.10 0.90-1.34 

 

1.08 0.88-1.33 

 

1.06 0.85-1.31 

 

LV mass index (10g/m2) 1.11 0.96-1.28 

 

1.10 0.95-1.28 

 

1.11 0.94-1.29 

 

LV systolic function 

Ejection fraction (5%) 0.94 0.76-1.15 

 

0.93 0.75-1.15 

 

0.95 0.76-1.20 

 

Average peak longitudinal strain (%) 1.02 0.92-1.13 

 

1.02 0.91-1.13 

 

0.99 0.89-1.11 

 

LV diastolic function 

Lateral early diastolic myocardial 

velocity (cm/sec) 

0.94 0.84-1.06 

 

0.95 0.85-1.07 

 

0.93 0.82-1.06 

 

E-Em lateral ratio (cm/sec) 1.04 0.98-1.11 

 

1.03 0.97-1.10 

 

1.05 0.98-1.13 

 

LA volume index (5ml/m2) 1.01 0.88-1.16 

 

1.01 0.88-1.17 

 

1.04 0.89-1.21 

 

End-diastolic volume (5ml) 1.05 0.84-1.06 1.06 0.99-1.14 1.07 1.00-1.16 

Abbreviations: LV=left ventricle, OR=odds ratio, CI=confidence interval 

Adjustment models: Model 1=age (years), race (black or white), sex, education level(<high school, high school graduation/equivalent, 

>high school); Model 2=Model 1+ hypertension(systolic blood pressure ≥140mm Hg, diastolic blood pressure ≥90mm Hg or 

antihypertensive medication use), diabetes mellitus (hemoglobin A1C ≥6.5%), low density lipoprotein (mmol/L), smoking history 

(ever versus never); Model 3=Model 2+ APOE e4, mild cognitive impairment.; Each cardiac variable was modeled independently  
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Table 12: Odds of elevated global cortical cerebral amyloid by florbetapir PET (SUVR>1.2) by various cardiac variables among 

those without MCI (N=219) 

Cardiac Independent variable OR* 95% CI 

LV structure 

End-diastolic LV diameter (cm) 2.61 1.22-5.59 

Mean LV wall thickness (mm) 1.05 0.82-1.34 

LV mass index (10g/m2) 1.14 0.93-1.39 

LV systolic function 

Ejection fraction (5%) 0.85 0.64-1.14 

Average peak longitudinal strain (%) 1.06 0.93-1.21 

LV diastolic function 

Lateral early diastolic myocardial velocity (cm/sec) 0.87 0.75-1.01 

E-Em lateral ratio (cm/sec) 1.07 0.99-1.17 

LA volume index (5ml/m2) 1.04 0.87-1.25 

End-diastolic volume (5ml) 1.08 0.99-1.18 

Abbreviations: LV=left ventricle, OR=odds ratio, CI=confidence interval; Adjustment model: age (years), race (black or white), sex, 

education level(<high school, high school graduation/equivalent, >high school, hypertension(systolic blood pressure ≥140mm Hg, 

diastolic blood pressure ≥90mm Hg or antihypertensive medication use), diabetes mellitus (hemoglobin A1C ≥6.5%), low density 

lipoprotein (mg/dL), smoking history (ever versus never), APOE e4 presence (at least one allele); Each cardiac variable was modeled 

independently. 
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Figure 1: Evaluation of cardiac anatomy using cardiac computed tomography angiography (C-CTA) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure demonstrating simultaneous evaluation of the coronary anatomy and left atrium in a patient at Johns Hopkins Hospital using C-

CTA. (A) Panel demonstrating 3D reconstruction of the left anterior descending artery, and evidence of calcified plaque in the vessel 

longitudinally. (B) Panel demonstrating opacification of the left atrium with contrast during acquisition of the C-CTA images on an 

axial 4-chamber view. 
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Figure 2:Assessment of left atrial fibrosis utilizing cardiac MRI (C-MRI) (Johansen, De Vasconcellos, and Gottesman 32-019-0571-4) 

 

Figure showing late-gadolinium enhancement (LGE) cardiac magnetic resonance processing for left atrial subject mapping. (A) Step 

1: LGE cardiac magnetic resonance axial view images are acquired. (B) Step 2: epicardial and endocardial contour are manually 

drawn around the left atrial myocardial wall. (C) Step 3: the image intensity ratio is used to delineate myocardial late-gadolinium 

enhancement (in red). (D) 3D shell with LGE distribution is generated for detail characterization of the left atrial arrhythmogenic 

substrate. 
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Figure 3: Odds ratios for Cardioembolic stroke by various echocardiogram variables, stratified by age 
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Figure 4: Odds ratios for Cardioembolic stroke by various echocardiogram variables, stratified by race
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Figure 5: 2D speckle tracking volume analysis (A), strain analysis (B), and strain rate analysis (C).  

Abbreviations: LAVmax: maximum LA volume; LAVpreA: pre-atrial contraction LA volume; LAVmin: minimum LA volume; 

LASmax: LA maximum longitudinal strain; LASpreA: LA pre-atrial contraction longitudinal strain; LASre: LA early diastolic strain 

rate peak; LASra: LA late diastolic strain rate peak. 
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Figure 6: Receiver Operator Curves demonstrating the predictive value of the base model (A) compared to the final model (B) adding 

transthoracic echocardiogram variables of left atrial structure and function. 
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Figure 7: Adjusted odds ratio of cerebral amyloid per cardiac variable, for participants  ≥75 yo (solid line) or <75 yo (dashed line). 

 

Abbreviations: LV=left ventricle, LA=left atrium ; +=p-interaction <0.1; Adjustment model: race (black or white), sex, education 

level(<high school, high school graduation/equivalent, >high school, hypertension(systolic blood pressure ≥140mm Hg, diastolic 

blood pressure ≥90mm Hg or antihypertensive medication use), diabetes mellitus (hemoglobin A1C ≥6.5%), low density lipoprotein 

(mg/dL), smoking history (ever versus never), APOE e4,  mild cognitive impairment. 
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Figure 8: Adjusted odds ratio of cerebral amyloid per cardiac variable, for black (solid line) vs white (dashed line) participants. 

 

Abbreviations: LV=left ventricle, LA=left atrium, +=p-interaction <0.1; Adjustment model: age(years), sex, education level(<high 

school, high school graduation/equivalent, >high school, hypertension(systolic blood pressure ≥140mm Hg, diastolic blood pressure 

≥90mm Hg or antihypertensive medication use), diabetes mellitus (hemoglobin A1C ≥6.5%), low density lipoprotein (mg/dL), 

smoking history (ever versus never), APOE e4, mild cognitive impairment. 
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Figure 9: Adjusted odds ratios of cerebral amyloid per cardiac variable, for participants based on sex (Female-solid line, Male-dashed 

line). 

 

Abbreviations: LV=left ventricle, LA=left atrium; Adjustment model: age (years), race (black or white), education level(<high school, 

high school graduation/equivalent, >high school, hypertension(systolic blood pressure ≥140mm Hg, diastolic blood pressure ≥90mm 

Hg or antihypertensive medication use), diabetes mellitus (hemoglobin A1C ≥6.5%), low density lipoprotein (mg/dL), smoking 

history (ever versus never), APOE e4,  mild cognitive impairment.
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Cardiopathy: An Under-Recognized Contributor to Cardioembolic Stroke.” Curr 

Treat Options Neurol (2019) 21: 32. https://doi.org/10.1007/s11940-019-0571-4 

3. Johansen MC, Langton-Frost N & Gottesman RF. The Role of Cardiovascular 

Disease in Cognitive Impairment. Curr Geri Rep (2020) doi:10.1007/s13670-020-

00309-7 

Book chapter 

1. Hao, Q, Johansen MC, Wityk R.  Chapter 81 – Posterior Circulation: Large Artery 

Occlusive Disease and Embolism In: Caplan LR, Biller J, Leary MC, Lo EH, Thomas 

AJ, Yenari M, and Zhang JH, eds., Primer on Cerebrovascular Diseases, Second 

Edition, San Diego: Academic Press, 2017: pp-pp 392-397. 

 

Other Publications 

Editorials 

1. Cole, JW, Johansen, MC.  Risk of recurrent cervical artery dissection. Neurology 

Mar 2018, 10.1212/WNL.0000000000005322; DOI: 

10.1212/WNL.0000000000005322 

2. Johansen MC, Sheth, KN. Is incident stroke associated with increased risk of major 

adverse cardiovascular events? Neurology: In Press.  

https://doi.org/10.1007/s11940-019-0571-4
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Media Releases or Interviews 

1. Academic Prospectus, The Johns Hopkins Bloomberg School of Public Health 

Chosen as the Student Spotlight with the full interview included in the Academic 

Prospectus magazine featuring the JHSPH Graduate Training Program in Clinical 

Investigation. (2019-2020 edition)   

2. The American Heart Association Leadership Academy Interview 

Selected to be videoed as a leading Junior Investigator by the American Heart 

Association at the Annual Leadership Academy.  The video reflected the role of the 

AHA/ASA in funding future stroke research as well as the importance of continued 

research in clinical care.  Video posted to the AHA website. (September 2019) 

3. Medscape Medical News Press Release 
First author research presented at the American Neurological Association 2019 was 

featured on Medscape Medical News as a Top Story. (November 2019) 

https://www.medscape.com/viewarticle/920451?nlid=132323_3869&src=WNL_mdp

lsfeat_191029_mscpedit_card&uac=182827AJ&spon=2&impID=2148315&faf=1  

4. Neurology Today Press Release 

Quoted as expert on ischemic stroke and offered opinion regarding results of a cohort 

study stating that women with stroke have higher rates of survival than men but 

greater disability after stroke. (December 2019) 

https://journals.lww.com/neurotodayonline/Fulltext/2019/12050/In_Stroke,_Outcome

s_Differ_for_Men_and_Women.12.aspx   

5. MDedge Press Release 

Interviewed as unbiased cardiovascular expert with research experience in ESUS 

regarding the International Stroke Conference presentation referring the early results 

of ARCADIA.  https://www.mdedge.com/neurology/article/217610/stroke/arcadia-

predicting-risk-atrial-cardiopathy-poststroke?channel=53  

Published Abstracts/Presented Posters 

1. Mallow Corbett,S, Elliott,M, Worrall,B, Anderson, J, Garnett,J, Solorzano,G, Steel,J, 

Bledsoe,K, Johansen, MC, Phillips,L, Johnston,K. Using LEAN Methodology to 

Identify the Root Cause of Unintended Doses of Potassium Replacement. 2015 

Virginia Patient Safety Summit Poster Session. 

2. Kiehl, EL, Parker, AM, Matar, RM, Gottbrecht, M, Johansen,MC, Adams, MP,  

Griffiths, LA, Bidwell, KL, Menon, V, Enfield, KB, Gimple, LW. C-GRApH: A 

Validated Scoring System for the Early Risk Stratification of Neurologic Outcomes 

After Out-of-hospital Cardiac Arrest Treated With Therapeutic Hypothermia. 

Circulation. 2015;132:A10883. Presented at moderated poster session at the 

American Heart Association Scientific Session 2015. 

3. Kiehl, EL, Parker, AM, Johansen, MC, Bidwell, KL, Adams, MP, Enfield, KB, & 

Gimple, LW. (2013). A Scoring System for Early Prognostication of Neurologic 

Outcomes in Out-of-hospital Sudden Cardiac Arrest Treated with Mild Therapeutic 

Hypothermia. Circulation, 128(22 Supplement), A13428.  Displayed at the American 

Academy of Neurology 67th Annual Meeting (April 2015) 

4. Johansen MC, Southerland, A, Ragosta, M, Jensen, ML, Worrall, B, & Solenski, N. 

(2015). Standardizing Stroke Evaluation in the Cardiac Catheterization Lab: Aldrete-

FAST Score (P7. 330). Neurology, 84(14 Supplement), P7-330. Presented at a 

https://www.medscape.com/viewarticle/920451?nlid=132323_3869&src=WNL_mdplsfeat_191029_mscpedit_card&uac=182827AJ&spon=2&impID=2148315&faf=1
https://www.medscape.com/viewarticle/920451?nlid=132323_3869&src=WNL_mdplsfeat_191029_mscpedit_card&uac=182827AJ&spon=2&impID=2148315&faf=1
https://journals.lww.com/neurotodayonline/Fulltext/2019/12050/In_Stroke,_Outcomes_Differ_for_Men_and_Women.12.aspx
https://journals.lww.com/neurotodayonline/Fulltext/2019/12050/In_Stroke,_Outcomes_Differ_for_Men_and_Women.12.aspx
https://www.mdedge.com/neurology/article/217610/stroke/arcadia-predicting-risk-atrial-cardiopathy-poststroke?channel=53
https://www.mdedge.com/neurology/article/217610/stroke/arcadia-predicting-risk-atrial-cardiopathy-poststroke?channel=53
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moderated poster session at the American Academy of Neurology 67th Annual 

Meeting. (April 2015) 

5. Johansen MC, Southerland, A, & Worrall, B. (2015). Analysis of Concurrent 

Cerebral Venous Thrombosis and Dural Arteriovenous Fistula (P1. 008). 

Neurology, 84(14 Supplement), P1-008. Displayed at the International Stroke 

Conference (February 2016) 

6. Johansen MC, Worrall, B, Southerland, A, Hodges, M, Ragosta, M, Solenski, N. 

The Feasibility of the Aldrete-FAST Screening Tool to Detect Stroke in the Post 

Cardiac Catheterization Setting: FAST-PC Study. Stroke. 2016;47:ATP299. 

Displayed at the International Stroke Conference (February 2017) 

7. Chiota-McCollum, NA, Ehrlich, M, Johansen MC, Rahman, S, Chapman-Smith, S, 

Worrall, BB.  "BEAST" at the University of Virginia: Demographic and Phenotypic 

Data of Patients Contributing to a Biorepository to Establish the Etiology of 

Sinovenous Thrombosis. Stroke. 2017;48:AWP216. Displayed at the International 

Stroke Conference (February 2017) 

8. Johansen MC, Shah A, Griswold M, Lirette S, Mosley TH, Solomon S, Gottesman 

R. Abstract WP202: Cardiac and Brain Structure and Function Associations: The 

Atherosclerosis Risk in Communities (ARIC) Study. Stroke. 2017 

Feb;48(suppl_1):AWP202-. Presented at moderated poster session at the International 

Stroke Conference (February 2017) 

9. Johansen MC, Gottesman R, Urrutia V. Abstract WMP68: Evidence of Cardiac 

Stress in Acute Cerebral Venous Thrombosis. Stroke. 2017 

Feb;48(suppl_1):AWMP68-. Displayed at the International Stroke Conference 

(January 2018). 

10. Johansen MC, De Vasconcellos HD, Gottesman RF. The Associations between Left 

Atrial Mechanics and Stroke Severity. In ANNALS OF NEUROLOGY 2018 Oct 1 

(Vol. 84, pp. S60-S60). 111 RIVER ST, HOBOKEN 07030-5774, NJ USA: WILEY. 

Displayed at the 143rd Annual Meeting of the American Neurological Association 

(October 2018) 

11. Johansen MC, Doria De Vasconcellos H, Wright AE, Gottesman RF. Abstract 

TP201: Characterizing Left Atrial Mechanics and the Associations With Stroke 

Severity. Stroke. 2019 Feb;50(Suppl_1):ATP201-. Displayed and presented at the 

International Stroke Conference (February 2019) 

12. Ehrman JK, Keteyian SJ, Qureshi W, Sakr S, Johansen MC, Blaha MJ, Al-mallah 

MH, Brawner CA. Improvement In Maximal Exercise Capacity Is Inversely Related 

To Incident Ischemic Stroke: Data From The Henry Ford Exercise Testing (FIT) 

Project. Displayed and presented at the American Heart Association Scientific 

Sessions 2019. 

13.  Johansen MC, Gottesman RF, Kral BG, Vaidya D, Yanek LR, Becker LC, Becker 

DM, Nyquist P. Associations of Coronary Artery Atherosclerosis with Brain White 

Matter Hyperintensity: The Genestar Study. In ANNALS OF NEUROLOGY 2019 

Oct 1 (Vol. 86, pp. S241-S241). Displayed and presented at the 144th Annual Meeting 

of the American Neurological Association (October 2019). 

14. Johansen MC, Doria de Vasconcellos H, Lima JAC, Gottesman RF. Changes in left 

atrial strain are associated with embolic appearing ischemic stroke. 12 Feb 2020. 
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Stroke. 51: AWMP67. Displayed and presented (moderated) at the International 

Stroke Conference (February 2020). 

15. Johansen MC, Mosley TH, Knopman DS, Wong DF, Wagenknecht LE, Ndumele C, 

Shah AM, Soloman SD, Gottesman RF. The Associations between Atrial 

Cardiopathy and Cerebral Amyloid: The ARIC-PET study. Displayed and presented 

(moderated) at the American Heart Association Epidemiology and Prevention 

Conference (March 2020). 

FUNDING 

Extramural Funding 

19CDA34660295 Career Development Award 

American Heart Association 

$231,000 

Michelle C. Johansen (PI) 

04/01/2019-03/31/2022 

KL2TR001077-05, Institute for Clinical and Translational Research 

The Johns Hopkins University School of Medicine 

$22,500 

Michelle C. Johansen (PI) 

05/01/2017-04/30/2019 

16MCPRP30350000 Mentored Clinical and Population Research Award 

American Heart Association 

 $154,000 

Michelle C. Johansen (PI)  

01/01/16-01/01/18; no cost extension through 06/19 

5T32HL007024-42 Department of Health and Human Services, Ruth L. Kirschstein 

National Research Award 

Cardiovascular Epidemiology T32 

$68,000 

Michelle C. Johansen (Awardee) 

07/01/2016-06/30/2017 

Intramural funding 

Colligan Safety and Quality Improvement Grant 

The University of Virginia Graduate Medical Education Department 

$10,000 

Michelle C. Johansen (Awardee) 

FAST-PC: Quality improvement initiative performing standardized stroke screening in 

the Cardiac Catheterization laboratory 

(7/2012-6/2015) 

 

CLINICAL ACTIVITIES 

Certification 

Expiration September 2020: Maryland Medical State licensure 

November 2014-2016 : Virginia Medical State licensure Boards 

September 2015-2025: American Board of Psychiatry and Neurology Board 

Certified Neurologist  
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October 2016-2026:  American Board of Psychiatry and Neurology Board 

Certified Vascular Neurologist  

 

Clinical Responsibilities 

July 2018-present:  Assistant Professor of Cerebrovascular Neurology 

Cerebrovascular expert in the Vascular division of the Neurology department at the Johns 

Hopkins Hospital.  Clinical responsibilities include: attending on the inpatient wards, 

staffing Cerebrovascular consults, stroke outpatient weekly clinic and rotating attending 

call on the Brain Attack Team, which covers all vascular emergencies at all Hopkins 

facilities, Howard County General Hospital, Greater Baltimore Medical Center as well as 

fields all calls from outside facilities through the Hopkins Access line.    

 

Clinical Program Building/Leadership 

May 2004 – May 2007: Women in Medicine Initiative, Community Outreach Chair 

Executive board member for Women in Medicine Initiative (WIMI).  Chairperson 

directing overall campus and community outreach.  Establish service projects which 

benefit the underserved population in Charlottesville, to include nursing homes and 

disadvantaged school children.  Coordinate joint activities with other humanitarian 

organizations such as Habitat for Humanity and Building Tomorrow. 

 

September 2005-August 2006: Hospital Spanish Translator  

Translate for a high volume of patients and medical personnel in different venues 

including the operating room, emergency department, pediatrics, oncology and Ob/Gyn 

at the University of Virginia. Secure information for Spanish speaking patients with 

questions concerning procedures, forms, insurance, financial aid and community 

resources.  

 

August 2007-May 2011: Women In Medicine Student Organization, VCU School of 

Medicine 

General member of an organization designed to promote excellence in achievement of 

women in all stages of medical education.  Coordinator of the club’s primary social event 

ensuring medical students the opportunity to meet and interact with female attendings.  

 

January 2018-2019: Emerging Women’s Leadership Program Awardee 

Awarded acceptance into the Johns Hopkins School of Medicine Emerging Women’s 

Leadership Program.  Setting designed to foster the movement of excellent assistant 

professors into leadership roles.  Developing new skill sets while working among a cadre 

of peer.  Building collegial relationships to encourage continual sense of community. 

Successfully completed program. 

 

EDUCATIONAL ACTIVITIES 

Educational Focus (secondary): As an elected Osler Attending Preceptor for the 

Neurology medical students, the recipient of the Johns Hopkins School of Medicine 

Neurology Clinical Faculty Brain Award (2019) for excellence in teaching and the 2020 

A.B. Baker Teacher Recognition Award from the American Academy of Neurology, my 

goal as a clinician educator is to inspire medical students to pursue a career in Neurology, 
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to consider engagement with rigorous research at all levels as important to their future, 

and to leverage technology (podcasts/webinars) to educate future and current clinicians. 

 

Teaching: 

Classroom Instruction 

January 2008-July 2008: Course Director for Medical Spanish Elective 

Develop and coordinate all aspects of the Intermediate/Advanced Medical Spanish 

Elective at Medical College of Virginia.  Organize, develop and present classroom 

lectures and/or secure other Spanish speaking lecturers from a variety of medical 

departments and disciplines.  Maintain complete and accurate records for administrative 

review.  Communicate/coordinate with faculty/deans.  

  

July 2017-present: CRAM-IN (Clinical Research Analysis and Methods In 

Neurology) Residency Didactic Series 

Faculty teacher for the CRAM-IN teaching series.  Instructing residents on core clinical 

research, statistical methods and techniques required for meticulous review of the 

medical literature.   

 

March 2019-present: Abnormal Neurological Exam 

Chosen to give lecture on the abnormal neurological exam as an Osler attending to the 

current 3rd year medical students on a recurrent basis prior to beginning their clerkship 

rotation.  Thirty minute lecture reviewing the organization of the neurological exam, 

classic abnormal examination findings, tips for performing the exam correctly as well as 

essentials of localization. 

 

September 20, 2019: The Neurological Examination 

Invited to give an hour lecture to the Greater Baltimore Medical Center Internal Medicine 

Residents reviewing the basics of the Neurological Examination to include the structure 

of the exam, key findings of the exam and lesion localization. 

 

December 2019-present: The Johns Hopkins School of Medicine Epidemiology 

Course, Small Group Faculty 

Selected as a faculty leader for the 1st year JHU medical student Epidemiology course 

with the goal of facilitating learning of key teaching points and the practical applications 

of the science of Epidemiology in Clinical Medicine. 

 12/3/19- Outbreak, Epidemiological curves, Public Health Policy 

 12/9/19-Diagnostic Testing 

 12/11/19-Survival Analysis 

 12/12/19-Confounding and Adjustment 

 12/12/19-Interpreting the Medical Literature-Case Control Studies 

 12/13/19-Interpreting the Medical Literature-Prospective Cohort Studies and 

Randomized Controlled Trials 

 

February 24, 2020: Professional Networking, Resident Noon Conference 
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Invited by the residents to offer a junior faculty perspective on professional networking, 

specifically maintaining relationships with people in your field within and between 

institutions to maximize success in their chosen career 

 

Clinical Instruction 

January 2013: American Academy of Neurology Podcast 

Interviewed Dr. Jack Ratchford at John Hopkins University for the AAN podcast 

segment featuring breaking research about his recently published paper entitled: Active 

MS is associated with accelerated retinal ganglion cell/inner plexiform layer thinning 
(January 2013) 

 

March 2015: American Academy of Neurology Podcast-Lessons of the Week Series 

Worked with AAN Podcast Editor to create a Lessons of the Week series entitled Stroke 

in the setting of Systemic Disease.  Interviewed expert physicians in the field.  

(Broadcasts aired during the month of March 2015) 

 Dr. Victor Urrutia: Hemoglobinopathies and Stroke 

 Dr. Kevin Barrett: Stroke in the setting of Renal Disease 

 Dr. Kevin Barrett: Stroke in the setting of Endocrine Disease 

 Dr. Steve Zeiler: CNS Vasculitis 

 Dr. Mitch Elkind: Stroke in the setting of Systemic Infection 

 

January 2016-2018: Author Interviews-Blogging Stroke 

Worked with the managing editor to conduct interviews of the principal author on 

original publications recently published in Stroke.  Interviews published online in order to 

facilitate discussion and increase awareness of recent research in the cerebrovascular 

community.  

 

July 2017-present: The Johns Hopkins University Interprofessional Education and 

Interprofessional Clinical Practice: SOM, SON, and Notre Dame of Maryland 

School of Pharmacy (SOP) 

Selected SOM faculty mentor for the quarterly interprofessional education course 

bringing students from the JHU School of Medicine, School of Nursing and the Notre 

Dame of Maryland University School of Pharmacy to discuss values, roles and ethics for 

interprofessional practice.   

IPE Event #1: Values/Ethics for Interprofessional Practice 

IPE Event #2: Roles and Responsibilities 

IPE Event #3: Teams and Teamwork 

 

November 2017-present: Junior Faculty Mentor/Residency Family 

Selected as Johns Hopkins Neurology Junior Faculty to serve as a mentor to Neurology 

Residents.  Provide encouragement, career counseling, academic research planning 

urging continual independent neurology study.  

 

June 2018-present: Osler Attending Preceptor in Neurology 

Nominated and chosen as an Osler attending in Neurology.  The Osler attending 

preceptor program was created to foster an environment that develops and supports 
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academic attendings to be effective teachers, preceptors and role models for the Johns 

Hopkins Medical Students.  Nomination based on historically high student reviews and 

dedication to medical student education.  Awarded the Johns Hopkins School of 

Medicine Neurology Clinical Faculty Brain Award (2019) for excellence in teaching 

as well as the 2020 A.B. Baker Teacher Recognition Award from the American 

Academy of Neurology.  

 

March 16, 2020: ANA Investigates Podcast Series Interview 

20 minute interview-style audio podcasts series newly launched by the American 

Neurological Association that seeks to facilitate academic conversations between 

Neurologists and Neuroscientists regarding topics of importance.  Conceptualized the 

podcast episode, crafted the questions, conducted the interview and drafted the summary 

manuscript. 

ANA Investigates: ESUS Clinical Trials & Advances in Research (Series 1, Ep9, 2020) 

 

CME instruction 

July 2018-present: American Medical Forum 

Only neurology expert for the American Medical Forum which sponsors CME for 

internal medicine, family medicine and emergency room physicians. Three novel lectures 

each academic cycle reflecting late breaking updates to core neurology concepts given at 

the recurring conferences at Washington D.C. (2018, 2019), Chicago (2019), Orlando 

(2030) and Los Angeles (2018, 2019). 

   

Workshops/Seminars 

August 2009-May 2011: VCU School of Medicine Curriculum Counsel, Student 

Representative 

Elected to represent students at meetings with medical school deans, curriculum chairs 

and course directors. Perform systematic reviews of all course materials for relevance and 

possible revision.  Remain current on new and existing procedures and policies.  Address 

student academic concerns.   

 

August 2009-May 2011: VCU School of Medicine Student Government 

Liaison between dean and students on all academic and professional matters. Ensure 

appropriate use of student allocated funds.  Boost student morale and encourage 

camaraderie by planning social and volunteer activities.   

 

January 2012-July 2015: University of Virginia Leadership Club 

Part of a select group of attendings and residents dedicated to advancing leadership 

principles in the medical community.  Monthly meetings focusing on literature review 

and application of principles learned to both future/current academic career.   

 

July 2018-present: ICTR Summer Institute Methods Course Facilitator 

Nominated to serve as a facilitator for junior faculty and clinical fellows at Johns 

Hopkins in discussion of proper biostatistical methods applicable to clinical research, to 

review the participants’ abstracts and proposed study design in consideration for future 

grant proposals.  Meetings occur at intervals throughout the educational year.  
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Mentoring: 

Pre-doctoral Advisees/Mentees 
June 2019-May 2020: Nicholas Daneshvari, BA 

During second year of medical school at The Johns Hopkins 

University School of Medicine, completed a project utilizing my 

cohort data to determine the association between ischemic stroke 

infarct volume and stroke subtype among participants who met 

inclusion criteria for the I-LASER study. Under my mentorship he 

defined the study cohort, performed MRI volumetrics, wrote his 

first STATA do file and research abstract. 

 

RESEARCH ACTIVITIES 

Research Focus (primary): My career is dedicated to the understanding of embolic 

stroke, specifically cardioembolic stroke and embolic stroke of unknown source. As a 

resident (institutional quality improvement grant) and now as junior faculty (T32, KL2, 

two AHA mentored awards), my goal is to be an expert in stroke etiology, translating 

advanced cardiac imaging and biomarkers into diagnostic algorithms, and meaningful 

predictors of risk of acute ischemic stroke. I also seek to understand the long-term 

outcomes of embolic stroke patients, and work with large cohort studies (ARIC, 

DISCOVERY, GeneSTAR) to define the relationship between cardiac disease, ischemic 

stroke and cognitive decline. 

 

Research program building or leadership: 

July 2016-present: Principal Investigator for the I-LASER study 

Principal investigator for the I-LASER study, funded by the American Heart Association, 

with the overarching goal of defining high risk cardiac imaging markers to define patients 

at risk for cardioembolic stroke as well as embolic stroke of undetermined source. 

 

April 2019-present: Principal Investigator for the D-ACTS study 

Principal investigator for the D-ACTS study (Defining the role of Atrial Cardiopathy 

using Cardiac CT in acute ischemic Stroke), funded by the American Heart Association, 

which builds upon the prior work of the I-LASER study and uses more advanced imaging 

and prolonged monitoring to best define stroke etiology. 

 

July 2019-present: Study Adjudicator for the ARCADIA trial 

Independent study adjudicator for The AtRial Cardiopathy and Antithrombotic Drugs In 

prevention After cryptogenic stroke randomized trial (ARCADIA). Serve as a masked 

study adjudicator for this multicenter trial for all study endpoints and adverse events.  

 

September 2019: Invited Attendee, American Heart Association Research Leaders 

Academy 

Invited participant in the 4 day AHA leadership academy with the aim of exploring and 

debating research issues, developing a network for senior and future research thought 

leaders and advancing the mission of the AHA. 
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Study Coordinator 

July 2014-July 2015: SHINE Trial 

Study coordinator for the University of Virginia, serving to actively screen and enroll 

patients in the ongoing multicenter prospective randomized Stroke Hyperglycemia 

Insulin Network Effort.  Recruited by principal investigator, Dr. Karen Johnston, to 

provide on-call on-site study enrollment and study facilitation. Results recently presented 

at the International Stroke Conference.  

 

July 2013-July 2015: BEAST Trial 

Co-investigator and study cite coordinator for the international Biorepository to Establish 

the Aetiology of Sinovenous Thrombosis.  Work closely with the site principal 

investigator to actively consent patients.  Obtained, properly stored and catalogued blood 

for DNA analysis.  Collect and analyze demographics, clinical presentation, method of 

diagnosis, transient and permanent risk factors, treatment and level of disability.  

 

Co-Investigator 

July 2012-July 2015: POINT Trial 

Co-investigator serving to actively screen and enroll patients in the Platelet-Oriented 

Inhibition in New TIA and minor ischemic stroke Trial 

 

February 2015: REDCap Database 

Established REDCap (Research Electronic Data Capture) database at the University of 

Virginia designed to support data capture for all ongoing genetics research.  Created a 

subset to capture genetics data generated from BEAST.  Assist medical students working 

on the project in development of research skills and creation of abstracts.  Poster 

presented at the International Stroke Conference 2015.   

 

October 2016-present: Determinants of Incident Stroke Cognitive Outcomes and 

Vascular Effects on RecoverY (DISCOVERY) 

Serve on the statistical core of the NIH funded DISCOVERY grant, a collaborative 

network of clinical sites with access to acute stroke populations and the expertise and 

capacity for systematic assessment of post-stroke cognitive impairment and dementia.  

 

October 2016-present: ARIC Neurocognitive Study 

Co-investigator on the NIA funded Atherosclerosis Risk in Communities Neurocognitive 

Study (ARIC-NCS) with the goal to study cognitive impairment in an older aged cohort, 

and to consider racial disparities in risk factors and outcomes. Serve to cover call for 

participants undergoing neuroimaging studies or discovered to have had a stroke, or other 

neurologic adverse outcome.  

 

SYSTEM INNOVATION AND QUALITY IMPROVEMENT ACTIVITIES   

System Innovation and Quality Improvement Efforts within JHMI 

February 2016: Johns Hopkins High Value Research Symposium 

First author on abstract presented at the inaugural Johns Hopkins Medicine Institute 

High-Value Practice Research Symposium.  Initiatives that sought to reduce unnecessary 

or wasteful tests and procedures were chosen in an effort to emphasize the growing need 
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for high-value, cost-conscious care.  Abstract reflecting new protocol entitled “Paradigm 

shift: Utilization of Magnetic Resonance Imaging (MRI) in Johns Hopkins Acute Stroke 

Care” accepted for presentation.   

 

System Innovation and Quality Improvement efforts outside of JHMI: 

April 2010-August 2010: Soap Note 

Selected by faculty to establish a prototype for rising third year medical students that 

would be standardized across the class.  Created a power point presentation addressing 

the essential components of progress notes and produced a revised handout for 

distribution.  Traveled to Richmond to present to the incoming class and faculty at 

orientation.  

 

January 2015-May 2016: FAST-PC: The Feasibility of Using the Aldrete-FAST 

Screening Tool to Detect Stroke in Post Cardiac Catheterization Setting 

First author and principal investigator selected to receive the Colligan Safety and Quality 

improvement grant for a prospective study.  Designed a novel screening tool, the 

“Aldrete-FAST” score, which is administered to patients both pre and post cardiac 

catheterization with a goal of standardizing rapid diagnosis and treatment of stroke.  

Research process included educating staff to heighten awareness of signs and symptoms 

of stroke during cardiac catheterization. Enrolled over 900 patients.  Novel protocol 

proved to be highly feasible regardless of age, gender, indication and access site.  Due to 

success, established as part of new hospital cardiac catheterization protocol.  

Poster highlighting preliminary data presented at the American Academy of 

Neurology 67th Annual Meeting (April 2015) 

Poster presenting final data presented at the International Stroke Conference 2016 

(February 2016) 

 

October 2015-July 2015: Stroke A3 on decreasing Door to CT and Door to Lab times 

Neurology trainee chosen to participate in a multidisciplinary hospital group at the 

University of Virginia focusing on development of strategies to decrease stroke patient 

door to CT/lab times in an effort to continually improve clinical care.  Weekly meetings 

using Toyota lean methodology (A3) and simulation exercises to develop meaningful 

solutions.  Dramatically improved results with significantly decreased door to needle 

times (administration of IV thrombolytics).  

 

March 2015: Neurology Discharge Summary Template 

Redesigned and standardized departmental discharge summary. Conducted extensive 

literature search to ascertain the most salient components required to communicate and 

document patient care. Coordinate with department heads to ensure inclusion of 

pertinent/required information. Partnered with EPIC builder to create Neurology 

discharge smart text to reflect Joint Commission requirements.  Implementation of 

revised document presented at Neurology Grand Rounds. New/revised Template 

implemented.   

 

System Innovation and Quality Improvement Program Building/Leadership 

June 2014-July 2015: Quality Chief 
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Selected by University of Virginia faculty to serve as the original Resident Quality Chief 

in a newly established departmental position dedicated to improving quality and patient 

safety.   Created, reviewed and revised policies impacting the quality of daily patient 

care.  Redesigned the morbidity/mortality conferences to reflect this emphasis.  Carefully 

review all daily mortality, safety and readmission data.  Serve as liaison to hospital 

administrators on quality issues.  Responsible for evaluating all safety and quality events 

in real time and proffering possible solutions.  

 

March 2015: American College of Medical Quality: Quality Scholar 

Recipient of the 2015 ACMQ Quality Scholar award.  Chosen based on a statement of 

interest, curriculum vitae, essay regarding the importance of medical quality, ongoing 

research and current contributions.  Awarded a scholarship to attend the National Medical 

Quality conference in Washington DC.  First author on the abstract Targeting Stroke in 

the Cardiac Catheterization Lab through creation of the Aldrete-FAST Score: 

Preliminary results of a prospective quality improvement project which was accepted and 

presented in a moderated poster session.  

 

May 2015: Emergency Medical Services Stroke Outreach 

Partnered with the University of Virginia and Albemarle county EMS during American 

Stroke Month to give lectures regarding the signs and symptoms of acute ischemic stroke, 

risk factors and need for emergent response.  

 

ORGANIZATIONAL ACTIVITIES: 

Editorial Activities/Journal peer review activities 

May 2014-July 2015: Author for “Blogging Stroke” 

Selected by the editors of Stroke to serve as a regularly contributing blogger analyzing 

and critiquing articles in the journal which are published electronically ahead of print.  

Critically analyze the study and discuss clinical relevance, highlighting for the readers the 

most up to date science and encouraging others to use it as impetus for further research.   

 

March 2015-March 2016: American Journal of Medical Quality 

Serve as a reviewer and Editorial Board Member for the American Journal of Medical 

Quality.  Select and edit articles for the Trainee Column of AJMQ.  Coordinate 

publication workshops/reviews.  

 

July 2015-present: Senior Blogger for “Blogging Stroke” 

Promoted by the editors of Stroke and staff of “Blogging Stroke” to the role of Senior 

Blogger.  Recommend subject matter and conduct interviews with principal investigators 

of recently accepted publications.  Continue as regularly contributing author.   

 

2016-present: Peer Reviewed Journal Subject Expert Reviewer 

Assess the quality of submitted articles and offer feedback to both the handling editor and 

authors regarding revisions prior to acceptance for publication.  

o Stroke: Impact Factor 5.64 (January 2016-present)  

o Neurology: Impact Factor 8.28 (May 2016-present) 

o PlosOne:  Impact Factor 3.234  (May 2016-present) 
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o Circulation:  Impact Factor 14.43 (August 2016-present) 

o Journal of the American Heart Association: Impact Factor 5.117 (January 

2017-present) 

o Journal of the American College of Cardiology: Impact Factor 19.896 

(January 2018-present) 

o Diabetologia: Impact Factor 6.206 (January 2019-present); Designated Key 

Referee 

o Trials Editorial Office: Review of Clinical Trial Protocols (January 2018-

present) 

o ARIC Study: Primary reviewer for studies using the Atherosclerosis Risk in 

Communities Study Cohort (February 2019-present) 

o The British Medical Journal (BMJ): Impact Factor 27.6 (August 2019-

present) 

o Dove Medical Press: Open Access Journals (January 2020-present) 

 

Study Sections 

May 2018: American Heart Association-Transformational Project Award Population 

Sciences  

March 2019: American Heart Association-Transformation Project Award Clinical 

Sciences 

March 2020: American Heart Association Innovation Project Award 

April 2020: American Heart Association-Transformational Project Award Clinical 

Sciences 

 

Professional Societies: 

April 2013: International Stroke Genetics Consortium 

Selected and sponsored by the University of Virginia to attend the International Stroke 

Genetics Consortium 13th Spring Conference  

 

July 2017-present: Christian Medical and Dental Association (CMDA), Faculty 

Development Chair 

Part of the faculty leadership team starting a CMDA chapter at Johns Hopkins.  Work 

with students planning all CMDA related city focused community clinical outreach and 

service events.  Participated in two overseas medical trips serving under-reached 

populations.   Procured medical supplies from donors for those without access to care.  

To enrich community and relationships among professionals providing services. 

 

January 2020-2022 (two year term): American Neurological Association, ANA Junior 

and Early Career Membership Committee  

Selected to serve as one of eight committee members to work with ANA staff to serve as 

the voice of the junior and early career ANA members. Chosen as the chair of the 

retention and recruitment committee.  

 

RECOGNITION 

Invited talks 
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February 19, 2015: Junior Investigator Clinical Research Session: International 

Stroke Conference 

Selected as one of only five worldwide to participate in the Junior Investigator session at 

the International Stroke Conference held in Nashville, TN.  Presented a power point 

regarding the accepted abstract Standardized stroke assessment in cardiac catheterization 

patients: the FAST PC Trial.  Discussed and defended the project in front of a panel of 

experts.  Addressed questions from the audience regarding project aims, methodology, 

preliminary results and explained how the study will move the field forward.  

 

April 12, 2016: HEAD Talks: Ideas in Neurology Worth Sharing 

Selected by Neurology faculty at Johns Hopkins to be one of the featured speakers during 

the yearly seminar series HEAD Talks for the Johns Hopkins Medical Campus.  

Delivered a presentation discussing utilization of IV tPa in low NIHSS patients in a 

format familiar to the popular TED Talks.   

 

February 19, 2020: Moderator, Etiology of Ischemic Stroke: International Stroke 

Conference 

Nominated and chosen to serve as the single moderator for the ISC conference session 

entitled “Etiology of Ischemic Stroke.” Facilitator for the session, monitoring allotted 

time and asking informed questions of the presenters.  

 

American Medical Forum Physician Lecture Series: 

Washington D.C. 

June 8, 2018: 2018 Guidelines for Early Management of Acute Ischemic Stroke, A Rapid 

Review 

June 8, 2018: Thrombectomy in Acute Stroke Care: The Dawning of a New Era 

Washington D.C. 

November 2, 2018: 2018 Guidelines for Early Management of Acute Ischemic Stroke, A 

Rapid Review 

November 2, 2018: Thrombectomy in Acute Stroke Care: The Dawning of a New Era 

Washington D.C. 

October 26, 2019: True or False: Diagnosing Stroke and Stroke Mimics 

October 26, 2019: Wheel of Fortune: An evidenced based guide to choosing antiplatelets 

in Stroke 

October 26, 2019: Who wants to be a millionaire? A high yield review of localization and 

the abnormal neurological exam 

Chicago, IL 

November 16, 2019: True or False: Diagnosing Stroke and Stroke Mimics 

November 16, 2019: Wheel of Fortune: An evidenced based guide to choosing 

antiplatelets in Stroke 

November 16, 2019: Who wants to be a millionaire? A high yield review of localization 

and the abnormal neurological exam 

Los Angeles, CA 

December 13, 2019: True or False: Diagnosing Stroke and Stroke Mimics 

December 13, 2019: Wheel of Fortune: An evidenced based guide to choosing 

antiplatelets in Stroke 
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December 13, 2019: Who wants to be a millionaire? A high yield review of localization 

and the abnormal neurological exam 

Orlando, FL 

April 3, 2020: True or False: Diagnosing Stroke and Stroke Mimics 

April 3, 2020: Wheel of Fortune: An evidenced based guide to choosing antiplatelets in 

Stroke 

April 3, 2020: Who wants to be a millionaire? A high yield review of localization and the 

abnormal neurological exam 

 

Honors and awards 

2003-2004:  NCAA Honor Athlete Award 

2003-2004: ACC Student-Athlete Honor Roll: University of Virginia 

2003-2007:  Dean’s List 

2003-2007: Robert F Byrd Scholarship 

2003-2004: AF OWC Scholarship 

September 2003: National Hover Craft Scholarship 

May 2007: Bachelor’s Degree conferred Cum Laude 

May 2010: Alpha Omega Alpha Medical Honor Society 

May 2011: Department of Neuroscience Award for Excellence in Clinical Neurology 

April 2013: American College of Medical Quality: Quality Scholar 

October 2015: Quality Travel Award for attendance at the 2015 Medical College national 

conference 

October 2015: International Stroke Conference 2015 Junior Investigator 

January 2018: Emerging Women’s Leadership Program Awardee 

September 2019: Invited Attendee, American Heart Association Research Leaders 

Academy 

October 2019: Johns Hopkins School of Medicine Neurology Clinical Faculty Brain 

Award for excellence in teaching 

January 2020: The American Academy of Neurology A.B. Baker Teacher Recognition 

Award 

 

OTHER PROFESSIONAL ACCOMPLISHMENTS 

June 26, 2019: Cardiac Computed Tomography Practicum: The Total Experience 

48 hours of intensive training in Cardiac CT by leaders in field designed to meet 

American College of Cardiology/American Heart Association requirements for Level 

II/III certification in Cardiac CT interpretation. Over 100 cases were reviewed in the 5 

days.  Successfully passed the examination administered to demonstrate proficiency.  

 

Community service 

September 2003 – May 2007: Special Events Coordinator  

Plan, prepare and implement social/community outreach activities between Women in 

Medicine Initiative (WIMI) members and residents of local retirement centers.  

Responsible for enlisting/coordinating volunteers, selecting event dates/venue and 

creating the publicity to include posters, emails and public service ads.   

 

August 2004 – May 2005: Abundant Life Tutoring 
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Tutor for an underprivileged fifth grade girl in math and science.  Cultivate positive 

attitude and desirable work habits in a very bright student struggling with academics.  

Accountable to faculty, sponsor and family.  

 

June 2006-August 2008: Special Olympics 

Coordinate and organize the annual swim-a-thon to raise funds for the Special Olympics.  

Assist in organization of the local event.   

 

September 2006-May 2007): Aquatic Therapist   

Under the auspices of a lead aquatic therapist, create and execute swim routines and 

aquatic exercises to improve muscle tone, coordination, flexibility and quality of life for 

children suffering from various types of muscular degenerative diseases or spinal cord 

trauma at Klugie Children’s Rehabilitation Center.   

 

October 2006: Light the Night 

Team captain for the American Leukemia/Lymphoma Society’s annual Light the Night 

Walk. Responsible for raising public awareness, monetary support and community 

goodwill.    

 

March 2008-August 2008: Project SUCCESS 

Partner with other young adults to assist teens with disabilities in completing numerous 

community service projects (March 2008-August 2008) 

 

March 2009-March 2008: El Salvador Medical Missions Trip 

Part of a team selected to establish relations with and assist native physicians in providing 

health care for the underserved in El Salvador. Confer with attendings on 

diagnosis/treatment modalities and render care accordingly to the large general 

population presenting for health care daily.  Special emphasis placed on the care of 

underserved orphans, orphanage staff members and their families in remote and hard to 

reach areas.  Implement via seminars and literature a comprehensive educational health 

care plans and establish a new health clinic.  Translate for non-Spanish speaking medical 

personnel.     

 

June 2014-July 2015: Southwest Virginia Clinic 

Traveled with a team to underserved southwest Virginia on three separate occasions to 

provide four days of intensive outpatient neurology care to patients unable to afford 

medical care.   

 

January 2015-present: GEM program 

Volunteer for weekly mentoring and dinner sharing program serving East Baltimore inner 

city children elementary to high school age with the goal of encouraging development of 

successful life tools (time management, resume building etc.) to foster the importance of 

education at all levels, including pursuing college after graduation.  

 

 


