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AIM  AND  OUTLINE

The aim of this thesis is to improve detection of embolic sources of ischemic 
stroke along the heart-brain axis. We hope that in doing so, we contribute to timely 
and tailored treatment of these patients, in the acute moment and in the prevention 
of recurrent stroke. The structure of the thesis follows this anatomical pathway.  

In the first part of this thesis (The Heart), we focused on sources of embolism 
from the heart which are detected through imaging. In this discussion, we offer 
a guide with the intention to encourage the stroke field to undertake studies on 
imaging of the heart in the acute phase of ischemic stroke. We define the acute 
phase of stroke as within the time window for reperfusion therapy (intravenous 
thrombolysis and endovascular treatment).

In the second part of this thesis (The Arteries), we explored (rare) sources of 
embolism from the arteries in an effort to increase awareness in the medical 
community. We will conclude by extending an invitation to help advance best 
treatment practices in patients with the most mysterious source of embolism in this 
thesis: carotid artery web.
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PART I: THE HEART 

Sources of embolism from the heart and aortic arch are an important cause of stroke 
and require tailored treatment.1, 2 Current guidelines recommend echocardiography as 
the first-line modality for imaging of the heart in stroke patients.3-5 Guidelines do not 
provide a recommendation on the timing of cardiac imaging in stroke. After 2015, CT-
angiography (CTA) of the aortic arch, cervical and cerebral vessels became standard 
care in the acute phase of stroke for patient selection for endovascular treatment.6, 7 
As a result, the window of opportunity is now wide open for studying incorporation of 
the heart and complete aortic arch in acute phase CTA in stroke patients.  

WHAT WE HAVE LEARNED 

We conducted a systematic literature review and meta-analysis on cardiac CTA 
versus echocardiography for the detection of cardiac thrombi in stroke patients and 
learned that cardiac CTA has a diagnostic yield at least equivalent to echocardiography 
(Chapter 2). Only one of the included studies (n=20) was performed in the acute 
phase of stroke.9 We also performed a retrospective cohort study (n=82) on non-
ECG-gated heart-brain axis CTA in the acute phase of stroke and found high-risk 
cardio-aortic sources of embolism in 15% of patients (Chapter 3). In addition, we 
discovered that cardiac image quality was suboptimal in a substantial number of 
patients and that third generation dual-source CT scanners yielded better cardiac 

FIGURE 1. CT-angiography in acute ischemic stroke: do you want a snapshot or the whole picture?8 
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image quality than second generation dual-source CT scanners. In Chapter 4, we 
provided the rationale and study design of the Mind the Heart prospective cohort 
study. The hypothesis of the Mind the Heart study is that ECG-gated CTA of the 
heart and aortic arch in patients with acute ischemic stroke has a higher diagnostic 
yield than TTE as a first-line screening method for the detection of cardio-aortic 
sources of embolism. At the time of submission of this thesis, inclusions were ongoing 
(written informed consent obtained from 398 patients). We invested a mountain of 
energy in the implementation of cardiac CTA in our acute stroke workflow and are 
excited to hear about and help other centers with this interest.

RECOMMENDATIONS REGARDING IMPLEMENTATION OF CTA OF 
THE HEART IN THE ACUTE PHASE OF STROKE 

• Multidisciplinary collaboration
• Interdisciplinary agreements on  

1) the responsibility; 2) time frame; and 3) systematic reporting of the heart and 
aortic arch, as well as the chest

• CT protocol testing
• Training of CT technologists and CT readers

Implementing cardiac CTA in the acute phase of stroke disrupts standard care 
workflow in an already high-stress environment ("time is brain"). Therefore, 
time must be invested to inquire about and cultivate the willingness to change. 
In order to avoid implementation pitfalls later down the road, we recommend 
identifying and involving neurologists, radiologists, cardiologists, CT technologists, 
echocardiography technicians, nurses etc. at an early stage to discuss potential 
benefit of this change. A growing body of literature on the diagnostic yield of acute 
phase cardiac imaging for detection of cardio-aortic sources of stroke will aid in 
getting teams on board.9-15

It is challenging to "mind the heart" in a "time is brain" setting. Also, the heart is 
a black box if you are not used to looking at it. In our retrospective study (Chapter 
3), almost none of the high-risk cardio-aortic sources which were later identified by 
experienced cardiac radiologists were reported by on-call radiologists at the time of 
the acute stroke. This was an important lesson for us, as it demonstrated extending 
the field of view is not enough to increase diagnostic yield. In our prospective Mind 
the Heart study (Chapter 4), we agreed that on-call radiologists report the images of 
the brain, extra- and intracranial arteries and screen for chest/cardiac findings that 
may directly impact patient management (e.g. acute aortic dissection [Chapter 5], 
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cardiac thrombus and pulmonary embolism). Subsequently, a comprehensive 
assessment of the heart, aortic arch, and lungs is performed by cardiac radiologists, 
at a later stage. Additional findings to the initial clinical report are communicated to 
the treating physician.  

Finding out which cardiac CT protocol works for our center was a matter of 
trial and error. During a pilot phase of several months, we tested ECG-gated and 
non-ECG gated protocols. We monitored cerebral and cardiac image quality, image 
acquisition times, contrast timing, door-to-needle (intravenous thrombolysis) and 
door-to-groin times (endovascular treatment). Prevention of acute stroke treatment 
delay in our patients was paramount. We found that implementing cardiac ECG-
gated CTA as add on to non-ECG-gated CTA of cervical and cerebral arteries 
provided the best image quality of the heart and brain, and was feasible in an acute 
stroke setting. Practical workflow details are available in Chapter 4. We encourage 
others to take time to find out which protocol works locally. 

In the next phase, we gradually implemented ECG-gated cardiac CTA in the 
standard care diagnostic work-up of stroke as CT technologists received training 
on the new protocol. In an effort to propagate minding the heart into the future, we 
are currently exploring ways to familiarize radiology residents with screening the 
heart and aortic arch in the context of acute stroke. 

ADDRESSING CONCERNS 

• "Time is brain"
• Radiation
• Contrast
• Over-investigation
• Cost

There is no denying the dilemma of quick acute treatment of stroke versus timely 
diagnosis of cardio-aortic sources of embolism. Together with others (see below), 
we show how "mind the heart" is compatible with "time is brain".9-15 Non-ECG-
gated heart-brain axis CTA has the benefit of fast acquisition time (less than 10 
seconds with modern CT scanners) and is the most straightforward to implement.  

It is a fact that extending the field of view of CT results in increased radiation 
exposure. In the protocol we used in Chapter 3, extending the CTA protocol to 
include the heart resulted in a slightly higher radiation dose (median +1.74 mSv). In 
comparison, the average yearly radiation exposure for individuals in the Netherlands 
is 2.9 mSv.16 More meaningfully, the risk of disease caused by radiation is low with 



178 CHAPTER 10  /  THE  BRAIN

modern CT scanners.17 Furthermore, stroke patients are typically older and thus 
less prone to long-term radiation damage from cardiac CTA, whereas they likely do 
benefit within their lifetime from diagnosis of cardio-aortic sources of embolism.  

Remaining within patient tolerable ranges for contrast media volume while 
obtaining optimal image quality is a challenge. In the protocol we used in Chapter 3,  
no additional contrast was used for extending the regular non-ECG-gated CTA to 
include the heart. For the complete acute stroke protocol in Chapter 4, we used 
35mL for CT-perfusion of the brain, 50mL for non-ECG gated CTA of the aortic 
arch to the cerebral vessels and 40mL for ECG-gated cardiac CTA; in total 125mL 
(300mg I/mL). 

We acknowledge the risk of over-investigation for some patients with suspected 
stroke. As the additional radiation and the burden on the patient are low, we believe 
the potential benefits of incorporating cardiac CTA in the regular acute stroke 
work up outweigh the risks. Excluding certain patients in the emergency room is 
difficult and carries a risk of delaying reperfusion therapy. Even in patients with 
atrial fibrillation it may be useful to know if there is a cardiac thrombus, as this may 
impact early management or make it more likely this was the cause of the stroke in 
patients with multiple potential causes.

We do not know whether implementing cardiac CTA in the acute phase is 
cost-effective compared to standard care with echocardiography. This requires 
further study to answer properly. We can offer a common-sense "quick and dirty" 
thought experiment: the patient is already positioned on the CT table at the right 
place (the hospital) at the right time (directly after the stroke) for the right reason 
(diagnostic investigation of the stroke). From a logistical-financial point of view, 
now is a convenient time to perform a first screening of the heart (Chapter 1). Why 
delay this to beyond the acute phase, potentially missing relevant findings, maybe 
requiring a return visit from an impaired patient, and risk imaging of the heart is 
never done at all?18, 19 

 WHAT OTHERS HAVE LEARNED   

Cardiac CTA in stroke is not a new idea. We gratefully build on previous work in 
this field. Previous literature on cardiac CTA versus echocardiography for detection 
of cardiac thrombus in stroke patients is discussed in Chapter 2, but this is by no 
means an exhaustive overview. Application of cardiac CTA in the acute phase of 
ischemic stroke (as defined in this thesis) is a more recent avenue within this field. 
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CTA OF THE HEART IN THE ACUTE PHASE OF STROKE
Pioneers of cardiac CTA in the acute phase of stroke we are aware of include 
Furtado et al. (2010),10 Yeo et al. (2017),9 Mayer et al. (2018),11 and Popkirov et al. 
(2019).12 Furtado et al. performed retrospective ECG-gated cardiac CTA in patients 
with suspected stroke, and provided valuable information on image quality of 
coronary arteries and cardiac chambers, but did not include data on diagnostic yield 
for high-risk sources of embolism.10 Yeo et al. used non-ECG-gated cardiac CTA 
and reported high-risk sources of embolism in 3/20 (15%) of stroke patients with 
symptom onset <4.5 hours.9 Mayer et al. performed ECG-gated cardiac CTA and 
found cardiac thrombus in 9% of 122 patients with large vessel occlusion.11 Popkirov 
showed cardiac thrombi in 2 of 17 (12%) patients with ischemic stroke or transient 
ischemic attack and atrial fibrillation. These studies have small sample sizes, but 
they demonstrate feasibility and reveal a promising diagnostic yield of acute phase 
cardiac CTA. Besides the Mind the Heart study (Chapter 4), ongoing studies on 
acute phase cardiac CTA in stroke in larger sample sizes include ENCLOSE,20 the 
VASCU trial,21 and CCT Stroke trial.22 

MAGNETIC RESONANCE IMAGING (MRI) OF THE HEART IN THE 
ACUTE PHASE OF STROKE 
Although globally less widely available, some hospitals perform acute phase stroke 
diagnostic work-up with MRI.23, 24 As a result, extending acute phase MRI protocols 
to include the heart is another avenue of research. For example, the currently ongoing 
Bern heart and brain interaction study (BEHABIS) examines heart-brain interaction 
from both perspectives.25 Myocardial infarction can lead to thromboembolism 
and ischemic stroke, but stroke can also affect the heart by inducing neurogenic 
stunned myocardium.26 Particularly left insular stroke is thought to be associated 
with decreased cardiac wall motion and worse outcome.27 Distinguishing myocardial 
infarction from neurogenic stunned myocardium is challenging, because both 
present similar abnormalities on ECG and echocardiography. Investigators of the 
BEHABIS study hypothesize that a combination of laboratory, clinical, radiological, 
echocardiographic and electrophysiological assessments in a predictive score can 
distinguish myocardial ischemia from neurogenic stunned myocardium in stroke 
patients.25 Acute stroke patients undergo a short protocol cardiac MRI study 
directly after brain MRI. They plan to enrol 220 participants, inclusions are currently 
ongoing.25 
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MIND THE HEART IN WOMEN
Women and men are equivalent but not equal. In Chapter 1, we emphasize that 
stroke affects women and men differently in terms of incidence rates and outcome. 
Studies in stroke have also shown that there are certain sex-specific risk factors 
(such as pregnancy, migraine and oral anticonception) and that there is a disparity 
in stroke presentation and treatment.28, 29 However, it is not yet clear how (and if) the 
pathophysiology of ischemic stroke differs between women and men.28 Investigators 
in the field of cardiology have learned that in women coronary vasomotion 
dysfunction, microvascular coronary impairments and non-atherosclerotic coronary 
artery dissection contribute to cardiac ischemic syndromes more frequently than 
in men.30, 31 In the Mind the Heart study we will perform a stratified analysis for 
sex, including stratification per age group (Chapter 4). However, our study is not 
powered to detect sex-differences in subtype prevalence, treatment and outcome 
in patients with cardio-aortic findings. We hope results will reveal paths for further 
exploration. Investigators in cardiology challenge us to go beyond "comparing 
apples and oranges" and study differences within women.31 We find ourselves in 
good company, as in 2014 the Women’s Initiative for Stroke in Europe (WISE) was 
founded by women active in the European Stroke Organisation.32 WISE aims to 
promote scientific initiatives which emphasize women’s stroke care.33 This acronym 
is shared with a historic predecessor: Women’s Ischemia Syndrome Evaluation 
(WISE), an American study initiated in 1996 which advanced knowledge about the 
mechanisms of heart disease in women.31, 34 Intentional, or a stroke of luck?

WHERE TO GO FROM HERE?

The Mind the Heart study will raise more questions than it will answer. We will 
discuss a few of these questions.  

WHAT IS THE IMPACT OF IMPLEMENTING ACUTE PHASE 
CARDIAC CTA?  
This is the million dollar question. Impact can be defined in a multitude of ways. For 
example, as a change in patient management, reduction of cardiovascular events 
(recurrent stroke, transient ischemic attack, myocardial infarction, intracerebral 
hemorrhage), or a reduction in disability. Studies focusing on any of these impact 
definitions of cardiac CTA risk measuring what is done, rather than what should be 
done with respect to patient management. The issue is that we do not know what 
the best tailored management strategies are for many cardio-aortic sources, such 
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as large atherosclerotic plaques in the aortic arch and proximal descending aorta, 
cardiac thrombi in the acute phase of ischemic stroke, left atrial appendage slow 
flow or stasis.35-38 However, widespread implementation of acute phase cardiac 
CTA can help determine what best treatment practices are for patients with cardio-
aortic sources of embolism, by detecting these sources in the first place. As noted 
in Chapter 1, a substantial amount of patients do not receive the complete regular 
work-up, and often no cause is found after regular work-up.2, 18, 19 In stroke patients 
with unknown etiology the recurrence rate is on average 3-6% per year.2 Another 
way to define impact is reduction of proportion of patients with an undetermined 
stroke etiology. We think this is a feasible goal for the near future. 

HOW SHOULD WE TREAT STROKE PATIENTS WITH A CARDIAC 
THROMBUS? 
The Mind the Heart study hypothesis is based in part on the assumptions that 
(1) residual cardiac thrombus remains in a proportion of patients who suffer 
cardioembolic stroke; and (2) cardiac thrombi dissolve over time (Chapter 1). The 
truth is, we do not know how quickly cardiac thrombi dissolve in stroke patients, 
and whether intravenous thrombolysis directed at dissolving the cerebral occlusion 
impacts residual cardiac thrombus. To our best knowledge, the most compelling 
evidence in favor of this assumption comes from a study by Ferrari et al. in 18 
patients with pulmonary embolism and simultaneous thrombus in right-sided 
cardiac chambers.39 They found that in patients treated with alteplase, the cardiac 
thrombus vanished within 2 hours in 50%, and within 24 hours cardiac thrombi 
were no longer detectable in any patient.39 Studies on cardiac imaging in the acute 
phase of stroke – prior to intravenous thrombolysis, followed by sequential cardiac 
imaging can help answer these questions.  

But what can we do for the patient? A stroke patient with a cardiac thrombus 
is a reason for concern. The dilemma of starting early anticoagulation to prevent 
additional embolization versus risking hemorrhagic transformation of ischemic 
stroke is a familiar headache for physicians who care for stroke patients with atrial 
fibrillation. Trials suggest that early initiation of direct oral anticoagulants (DOACs) 
prevent early recurrences of embolic stroke, with low frequency of symptomatic 
haemorrhage.40 Applying cardiac CTA in the acute phase may help stratify which 
patients benefit from early initiation (e.g. patients with a large cardiac thrombus may 
have high recurrence risk). Furthermore, acute phase cardiac CTA could potentially 
help guide endovascular treatment strategy, because it may provide insight into 
thrombus characteristics.41, 42
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ECG-GATED OR NON-ECG-GATED CARDIAC CTA:  
DOES IT MATTER? 
Non-ECG-gated cardiac CTA is easier to implement, as there are literally no strings 
attached. Proper placement of ECG-leads on the patient is an extra step in the acute 
stroke workflow. On the other hand, ECG-gating improves image quality of the 
moving heart. Prospective ECG-gating (also known as triggering) allows for imaging 
of the heart in a specific point in the cardiac cycle (e.g. diastole, when the cardiac 
chambers can be optimally visualized) and results in less exposure to radiation 
than retrospective ECG-gating.43 Retrospective ECG-gating entails imaging of the 
heart throughout the cardiac cycle, followed by retrospective selection of images 
of interest. This technique could potentially increase the chance of acquiring high-
quality images in patients with atrial fibrillation or other rhythm abnormalities. We 
hope currently ongoing and future studies will shed light on the additional value of 
different CTA protocols versus standard care with echocardiography.  

CONCLUSION 
In time, cardiac CTA may replace echocardiography as the first-line screening 
method to detect cardio-aortic sources of embolism in the acute phase of stroke. 
As CT and echography each have unique non-overlapping qualities, it is unlikely 
cardiac CTA will fully replace echocardiography. There will always be a keen eye for 
the "true stethoscope" (Chapter 1).44  
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PART II: THE ARTERIES 

WHAT WE HAVE LEARNED 

Based on a prospective registry in our comprehensive stroke center (Chapter 5), 
we found that 0.5% of patients with suspected acute stroke ("code stroke") have an 
underlying Stanford classification type A aortic dissection. This means that yearly 
roughly 6 such patients present to a neurologist in our center. This estimate is based 
on a volume of about 1200 "code strokes" per year in 2019. It is a lot to ask of a doctor 
to look and listen carefully when there is no time to lose. Directly noticeable clinical 
clues in our sample were low systolic blood pressure and decreased consciousness. 
Pain was present in only about half. Notably, left hemiparesis was more frequent 
than right hemiparesis. An anatomical explanation is found in the order of the aortic 
arch branches, the brachiocephalic and right common carotid arteries are nearest 
to the origin of the dissection and therefore most likely to be affected as dissection 
spreads, resulting in right hemisphere hypoperfusion. Acute aortic dissection was 
an incidental finding during CTA in 1 in 4 patients. We proposed extending the 
field of view of CT-angiography to include the complete aortic arch in code stroke 
patients in order to make acute dissection easier to detect, hereby expediting referral 
for emergency aortic surgery and helping neurologists refrain from administering 
i.v. thrombolysis. Cardio-thoracic surgeons are often hesitant to operate comatose 
(Glasgow Coma Scale score [GCS] ≤ 8) type A acute aortic dissection patients, on 
the basis of low expectations of a good outcome. However, there is evidence that 
preoperative GCS score does not adequately predict neurological recovery.45 As a 
suggestion for further study, we hypothesized that CT-perfusion may aid in decision 
making in these patients. CT-perfusion can distinguish between comatose patients 
with infarcted brain tissue and those with potentially salvageable brain tissue, the 
latter category may benefit from emergency aortic surgery. 

In Chapter 6, we performed a systematic review of individual patient data on 
simultaneous triple and quadruple cervical artery dissection and found 96 patients, 
most of them young women with an underlying disease or triggering event. Twelve 
patients were diagnosed with fibromuscular dyplasia, a recent infection was 
reported in 16, and 12 had received recent cervical manipulative therapy. To us, 
an important take home message was: visiting a chiropractor is a modifiable risk 
factor for multiple cervical artery dissection. Previous literature provides evidence 
of a temporal association between cervical manipulative therapy and cervical 
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dissection. However, proving a causal relationship is complicated. It is plausible that 
cervical dissection may occur as a result of manipulation of the neck, but patients 
may also seek treatment for neck pain caused by a cervical dissection. Importantly, 
cervical manipulative therapy is an elective procedure and not a necessary life-
saving acute procedure. Informed consent prior to cervical manipulation would 
enable patients to carefully weigh potential risks and benefits. 

In Chapter 7, we found that patients with stroke due to large artery atherosclerosis 
have a more extensive collateral circulation and slightly better outcome at 90 days 
(median mRS) than those with cardioembolic stroke, confirming the hypothesis that 
chronic cervical carotid artery stenosis promotes cerebral collateral circulation. We 
found no statistically significant difference in functional independence (mRS 0-2) 
or mortality between patients with stroke due to atherosclerosis and cardioembolic 
stroke. In an effort to further investigate the hypothesis in a "dose-response" 
manner, we added an explorative analysis in patient with 51-70% (moderate) carotid 
stenosis compared to those with 71-99% (severe) stenosis and found that the latter 
category had a slightly larger proportion with good collateral status compared to 
those with a moderate stenosis, but this difference disappeared after adjustment for 
confounders. A larger proportion of patients with a severe stenosis had mRS 0-2 at 
90 days, although this difference was not statistically significant (62% vs 41%,  aOR 
2.15, 95% CI 0.62-7.49). Our study may have been underpowered to detect a true 
difference in outcome. Our findings help elucidate the pathophysiological concept 
of ischemic preconditioning and development of collaterals in patients with cervical 
carotid stenosis, but should not influence the decision making process of patient 
selection for endovascular treatment. 

Chapters 8 and 9 are about patients with a carotid artery web (CaW). In 
the former, we presented a histo-anatomical argument to distinguish CaW (at the 
proximal aspect of the bulb, along the posterior wall) from dissection (distal to bulb) 
on imaging. The last chapter is a comparative cohort study in stroke patients who 
received endovascular treatment for large vessel occlusion. During a 2-year follow-
up period, 5/30 (17%) of patients with an ipsilateral CaW had a recurrent stroke, 
versus 5/168 (3%) of patients without CaW (Hazard ratio 5.0, 95% CI 1.5-17.3; 
P=0.005). Recurrent strokes were ischemic and in the same vascular territory as the 
index stroke in 4/5 CaW patients and in 2/5 of patients without CaW, respectively. 
A majority of CaW patients were medically managed with antiplatelets. Our data 
suggest standard secondary stroke prevention with antiplatelets is insufficient to 
limit the risk of recurrent stroke in these patients. We dedicate the remaining space 
to patients with CaW.  
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WHAT OTHERS HAVE LEARNED 

In 1968, Rainer et al. first reported a shelf-like filling defect at the posterior aspect 
of the internal carotid artery bulb in a young woman with recurrent transient 
ischemic attacks.46 Pathologists have suggested that CaW is an intimal variant of 
fibromuscular dysplasia.47 Because CaWs protrude into the lumen of the carotid 
artery, flow disruption and blood stasis can occur, resulting in embolic stroke.48, 49 
The prevalence of CaW in the general population is unclear. Case-control studies 
reported CaW in 9-37% of patients with cryptogenic stroke younger than 60 
years.50-52 Although data are limited and suffer from selection bias, women and Black 
individuals appear most often affected.47, 53 The risk of recurrent stroke appears (or 
is - Chapter 9) high in symptomatic CaW patients managed with antiplatelets.53 
Optimal management of CaW is unknown. 

WHERE TO GO FROM HERE? 

We see two avenues: studying treatment and studying origin.  

TREATMENT 
As many CaW patients are young and the risk of recurrent stroke is high, we feel 
a sense of urgency to answer the treatment question. Ideally, we would design a 
global randomized controlled trial (RCT) in which all symptomatic CaW patients 
would be randomized into one of three arms: (1) standard care (antiplatelets), (2) 
anticoagulation (e.g. direct oral anticoagulants), and (3) carotid artery stenting or 
surgery. As a primary outcome measure we would select recurrent ischemic stroke. 
Among the secondary outcome measures we would include are symptomatic 
intracranial hemorrhage,54 functional outcome (modified Rankin Scale score) and 
quality of life (e.g. European Quality of Life 5-Dimensions).55 An RCT design has 
the potential to answer the treatment question, but would not answer the origin 
question. Will we "try hitting a home run with a reasonable hypothesis"?, as professor 
of neurology Robert Hart said while discussing the results of the NAVIGATE-ESUS 
trial at the Heart-and-Brain Symposium in Chicago in 2018.56 CaW is rare and 
resources are limited. Also, after having read Chapter 9, would you randomize 
your mother-in-law into the standard care arm? A regular RCT may not be feasible, 
and would raise ethical concerns in our mind. Maybe we can reach out to computer 
modeling experts and conduct an in silico RCT? 



186 CHAPTER 10  /  THE  BRAIN

ORIGIN 
On the other hand, perhaps we should not skip bases and answer the origin 
questions first. Maybe she’s born with it. Maybe it’s acquired. Cases of intimal 
fibromuscular dysplasia in the internal carotid artery have been described in 
children.57 Whereas undeniable evidence of a de novo CaW is yet to be reported 
(Chapter 8).47, 58 We do not know, but we suspect CaW is congenital. If so, why are 
some CaWs symptomatic and others not? Size and morphology of CaW would be 
logical factors of influence. Furthermore, something at a certain point in time makes 
CaW vulnerable to thromboembolism. Is it because blood characteristics, artery 
attributes and flow dynamics change as we age?59 Could a transient inflammatory 
vasculopathy play a role in thromboembolism in CaW? Also, was finding a significant 
predominance of right hemisphere stroke in patients with CaW compared to 
those without CaW really a coincidence (Chapter 9)? Or does it represent a 
pathophysiological clue, such as with right hemisphere stroke in patients with 
acute aortic dissection (Chapter 5)? On the topic of location, pathologists have 
demonstrated that the length of the microscopic transitional zone between elastic 
and muscular arteries in the carotid bulb varies per individual.60 Were we wrong to 
argue against the case presented in Chapter 8? Finally, in stroke patients with an 
undetermined cause because of an ipsilateral web and atrial fibrillation, how do we 
know which of the two was the culprit? Maybe they interact. Could atrial fibrillation 
increase the chance of turbulence further downstream, at the CaW? Mechanical 
engineers who study flow dynamics and source-destination mapping may help us 
identify the most likely cause in stroke patients with multiple potential causes.61

INTERNATIONAL REGISTRY OF CAW 
Studying treatment and studying origin are not mutually exclusive. Answers may be 
there to find in anatomy, embryology, pathology, histology, hematology, infection, 
engineering and flow-dynamics, and computer modeling. A more feasible human 
study design that could help answer questions would be an international registry 
of CaW (INTERWEB?), including a biobank. Specifically, a global observational 
cohort study in which patients with CaW (symptomatic and non-symptomatic) 
are included and the following information is collected: systematic clinical data at 
baseline (including symptomatic hemisphere, recent infection, ethnicity), long-term 
clinical follow-up data, sequential imaging data, blood samples, histological samples 
of thrombi in CaW patients who underwent endovascular treatment for large vessel 
occlusion stroke, and (postmortem) resected histological CaW samples. A control 
cohort of patients with cardioembolic and atherosclerotic stroke would also aid in 
closing the knowledge gap. 



187

CONCLUSION 

"Idiopathic" stroke etiology makes the doctor look like an idiot and the patient 
feel pathetic. Our interpretation: we must strive to better understand our patients. 
Only by looking will we see. The road ahead is multidisciplinary. Collaboration will 
enable us to solve the mysteries of the heart-brain axis.62
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