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Background: Cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy  
(CADASIL) syndrome is the most common monogenic inher-
ited cause of stroke.
Case Presentation: A female patient aged > 50 years with 
genetically proven CADASIL syndrome and an extensive 
stroke/transient ischemic attack (TIA) history experienced 

a bradycardic episode following hospitalization for new 
strokelike symptoms. The literature of cardiac involvement in 
CADASIL syndrome is limited, with no definitive recommen-
dations for surveillance and screening. 
Conclusions: This case report postulates that cardiac sur-
veillance and screening may be indicated for patients with 
CADASIL syndrome.
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Cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leuko-
encephalopathy (CADASIL) syndrome is 

the most common monogenic inherited cause 
of stroke. CADASIL syndrome is a nonsclerotic 
angiopathy resulting from a mutation of the 
NOTCH3 gene on chromosome 19p13, encod-
ing a receptor expressed by vascular smooth 
muscle cells.1 This mutation results in migraine, 
recurrent ischemic stroke, affective disorders, 
and dementia, with migraine often manifesting 
earliest.2,3 

The onset of stroke symptoms occurs typ-
ically in ages ≥ 60 years with some patients 
experiencing stroke as early as in their 30s.1,4 
Presentation varies among patients even within 
the same family.5 CADASIL syndrome is fre-
quently mistaken for other more common neu-
rologic conditions due to the low prevalence of 
CADASIL syndrome, reported to be between 
2 and 5 per 100,000.3,6 The cumulative nature 
of multiple ischemic episodes seen in 85% of 
symptomatic individuals leads to disability. De-
mentia is often hallmarked as one of the fea-
tures of end-stage CADASIL syndrome.7 Extent 
and severity of brain tissue damage are shown 
to be the most critical factors of clinical symp-
toms.8 There is no specific treatment for CA-
DASIL syndrome other than addressing risk 
factors.9 

Symptoms are traditionally described to be 
limited to the central nervous system (CNS); 
however, reports of other organ system effects 
exist. Twenty-six percent of premature mortality 
relating to CADASIL syndrome is sudden unex-
pected death, which several authors have pos-
tulated could be attributed to cardiac events.10,11

The NOTCH3 gene encodes a protein ex-

pressed during gastrulation and in the CNS 
during embryological development. The ex-
pression of this protein decreases with time 
and has limited expression in adulthood.12 
The pathophysiology of CADASIL syndrome 
includes myriad changes, including cerebral 
vessels narrowed by intimal thickening due 
to expansion of the extracellular matrix, de-
generation of smooth muscle cells of the ce-
rebral vessel walls, and osmiophilic material 
deposition in patients with CADASIL syn-
drome.13 Granular osmiophilic material in the 
vascular basal lamina can be observed on elec-
tron microscopy of patients with CADASIL syn-
drome and are used for diagnostic purposes.14 

CADASIL syndrome often presents a diag-
nostic dilemma for physicians and is easy to 
misdiagnose in the early stages. The diagnos-
tic dilemma arises given the subacute onset 
of CADASIL syndrome with vague early pre-
senting symptoms, such as headache, prior to 
more specific findings (ie, multiple early strokes 
or transient ischemic attacks [TIA]). Patients 
presenting with CADASIL syndrome may be 
misdiagnosed with other neurologic conditions, 
including migraine or multiple sclerosis (MS).15 
Especially in the case of MS, lesions visible on 
magnetic resonance imaging (MRI) may be dif-
ferentiated by the higher rates of temporo polar 
lesions seen in CADASIL syndrome in compari-
son with those in MS.3 

It is important to consider CADASIL syn-
drome in patients presenting at a young age with 
stroke due to the compounding effects of mul-
tiple ischemic episodes and subsequent motor/
sensory and neuropsychologic deficits. This ne-
cessitates increasing awareness of CADASIL 
syndrome in the neurologic and radiologic com-
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munity and the importance of educating families 
of patients on the importance of being evalu-
ated. This diagnostic dilemma can lead to delay 
in appropriate therapy and control of related 
modifiable risk factors, including hypertension, 
hyperlipidemia, etc. Delays in initiation of anti-
stroke pharmacotherapy can lead to additional 
morbidity and mortality in these patients. 

The radiology of CADASIL syndrome is 
unique and particularly important due to the pos-
sible confusion with MS. MRI is an important 
tool in the evaluation of the cerebral pathology of  
CADASIL syndrome, revealing white matter and 
microangiopathic signal abnormalities, indicative 
of ischemic infarcts, lacunar strokes, and diffuse 
leukoencephalopathy.13,16 MRI lesions are often 
seen in the basal ganglia, thalamus, external 
capsule, and pons.7 The lesions also are seen in 
the periventricular region, explaining its misper-
ception as MS.17 In addition, cerebral microhem-
orrhages have been seen. To further differentiate 
these lesions, the anterior temporal lobe should 
be observed for gliosis or hyperintensities, which 
correlates with CADASIL syndrome.18 Location 
of hyperintensity in the temporal lobes, relative 
sparing of the occipital/orbitofrontal white matter, 
corpus callosum, subcortical u-fibers, and cortex 
is helpful in differentiating from other etiologies, 
such as microvascular white matter ischemic 
disease, MS, and mitochondrial encephalopa-
thy with lactic acidosis and strokelike symptoms 
(MELAS). 

CASE PRESENTATION
A patient aged > 50 years presented to the 
emergency department (ED) due to numbness 

of the right perioral area, gait difficulties, dif-
ficulty speaking, and increasing right lower 
extremity weakness with no numbness or par-
esthesia. The patient’s medical history is rel-
evant for CADASIL syndrome, hypertension, 
prior cerebrovascular accident, recurrent TIAs, 
multinodular goiter with a history of radioactive 
iodine treatment, and neurogenic bladder con-
trolled with oxybutynin since age 30 years. The 
patient had a significant stroke history: the first 
stroke occurred at age 36 years and 3 more 
strokes at ages 38, 44, and 53 years and 4 TIAs 
over that period. This patient reported no re-
cent headache or memory changes and had no 
history of smoking, alcohol, or recreational drug 
use. Family history was pertinent for the moth-
er’s death secondary to stroke, with a history 
of multiple strokes beginning at a young, un-
determined age and no major motor, sensory, 
or neuropsychologic deficits prior to her death. 
A sister and first cousin had been diagnosed 
with MS. 

On triage in the ED, stroke alert was 
called but tissue plasminogen activator was 
not given due to time eligibility. The patient’s 
numbness and weakness were improved 
within 7 hours, but she continued to have diffi-
culty with dysarthric speech and unsteady gait 
following this incident. Antihypertensive med-
ications were discontinued on admission to 
allow for permissive hypertension to improve 
cerebral blood flow. A brain MRI revealed bi-
lateral increased T2 fluid-attenuated inversion 
recovery (FLAIR) signal in the anterior tempo-
ral lobes, confluent increased T2 FLAIR sig-
nal in the periventricular/deep white matter,  

FIGURE 1 Axial T2 Fluid-Attenuated Inversion Recovery Magnetic Resonance Images 

A, Arrows pointing to bilateral anterior temporal hyperintensities; B, Arrows pointing to confluent periventricular and deep white matter  
hyperintensities; C, Arrows pointing to bilateral basal ganglia chronic lacunar infarcts; D, Arrows pointing to punctate hypointense foci  
consistent with microbleeds.
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bilateral basal ganglia chronic lacunar infarcts, 
and several chronic microbleeds (Figure 1). 
There was no evidence for an acute infarct on 
the MRI. Recrudescence of prior stroke symp-
toms secondary to CADASIL syndrome was 
suspected as a primary diagnosis with a dif-
ferential of TIA. 

Starting the second day of admission, the 
patient had intermittent sinus bradycardia 
with the lowest heart rate (HR) in the range of  
40 beats per minute (bpm) while awake with 
an unchanged neurologic examination. Each 
episode was transient, lasting less than an 
hour per staff documentation. The electrocar-
diogram (ECG) on admission demonstrated 
normal sinus rhythm in the range of 70 to  
80 bpm. 

The patient was asymptomatic and nor-
motensive during the episodes of bradycar-
dia. The patient had not yet resumed any 
antihypertensives. An echocardiogram was un-
remarkable with a left ventricular ejection frac-
tion of 55 to 60%, normal anatomy, and no 
significant pericardial effusion. Carotid artery 
duplex examination demonstrated patent ves-
sels with anterograde vertebral flow bilaterally. 
Due to the unknown cause of the bradycardia, 
the patient was discharged with a 14-day am-
bulatory cardiac monitor, advised to continue 
statin, aspirin, and lisinopril, and given a refer-
ral to continue with outpatient physical ther-
apy and occupational therapy. 

The patient’s ambulatory cardiac moni-
toring showed dominant sinus rhythm, with 
the HR in the range of 40 to 170 bpm with 
an overall average 70 to 80 bpm. The pa-
tient’s HR spent 5% of the recording time 
under 50 bpm and 14% of the time > 100. 
There was no evidence of heart block. No 
symptoms were recorded per the patient’s 
symptom diary during the entire 2 weeks of 
monitoring. Further follow-up showed that the 
patient presented to a primary care practitioner  
1 month later with similar symptoms and was 
sent to the ED of an outside hospital without 
admission. The ECG was again unremarkable, 
demonstrating only sinus bradycardia with 
normal T waves, QT interval, without ST eleva-
tions or depressions. About 3 weeks later, the 
patient presented to the ED again with chest 
pain and was discharged with a diagnosis of 
atypical chest pain possibly related to anxiety 
without findings consistent with acute coro-
nary syndrome (ACS).

DISCUSSION
This patient with CADASIL syndrome and sig-
nificant stroke history with cardiac symptoms 
demonstrates 3 important discussion points: 
the difficulty of early diagnosis, high rates of 
morbidity/mortality, and the need for further 
research into the cardiac effects of CADASIL 
syndrome. Due to this patient’s bradycardic ep-
isodes while being monitored on telemetry, it is 
possible that the cause of the strokelike symp-
toms was a TIA, secondary to decreased per-
fusion pressure, explaining the lack of acute 
ischemia on imaging. With regards to the his-
tory of thyroid dysfunction, this particular epi-
sode of bradycardia was unlikely to be related 
as the thyroid-stimulating hormone was reflec-
tive of subclinical hyperthyroidism with T4 lev-
els within normal limits. 

This case demonstrates a potential link be-
tween CADASIL syndrome and autonomic dys-
function. Similar to general stroke patients, 
patients with CADASIL syndrome are at an in-
creased risk of hypoperfusion injury secondary 
to cardiovascular and autonomic dysfunction. 
This raises a question of initial and surveillance 
screening tests on diagnosis of CADASIL syn-
drome. It may be appropriate to obtain routine 
echocardiogram and ECG and other arrhythmia 
screening tests in these patients, especially dur-
ing or following an ischemic episode. However, 
more evidence is required to support creation of 
a formal recommendation.

In a study of cardiac rhythm abnormalities 
in a half-million adults, 1.57% of women aged  
55 to 64 years were found to have rhythm abnor-
mality with 0.27% having a bradyarrhythmia.19 In 
the setting of neurologic disease, ECG changes 
such as arrhythmias and repolarization changes 
are regularly noted.20 However, it is unlikely that 
the bradycardia would be causing the brain le-
sions. In CADASIL syndrome, there is relative 
sparing of the occipital, orbitofrontal subcortical 
white matter, subcortical fibers, and cortex. Spe-
cifically, within CADASIL syndrome, a study of 
23 patients showed no ECG changes regarding  
infarction/ischemia, conduction disturbances, or 
arrhythmias compared with that of controls.21 

Further research into the cardiac ef-
fects of CADASIL syndrome is needed. As 
CADASIL syndrome is primarily a disor-
der of the vasculature, the disease has po-
tential to affect the heart in addition to the 
brain.1 This theory is well supported by the 
embryologic effects of the NOTCH3 receptor 
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pathways, which are responsible for the de-
velopment of the cardiovascular system.22 An-
ecdotal evidence supports this theory as few 
case reports have been published that de-
scribe various cardiac abnormalities in pa-
tients with CADASIL syndrome, including  
myocardial infarction (MI), conduction abnor-
malities, and arrhythmias.2, 23-25 

There have only been 2 published studies re-
garding investigations into CADASIL syndrome 
and cardiac disease. The first paper was a case-
control study that investigated ECG changes in 
the setting of CADASIL syndrome. The study 
found no evidence for MI, ischemia, conduc-
tion disorder, or arrhythmias in patients with  
CADASIL syndrome.21 Unfortunately, this study 
was underpowered and limited in scope, only 
investigating a single ECG recording from  
23 patients with CADASIL syndrome in a sin-
gle clinic.21 Other cardiac markers, such as 
echocardiogram, stress test, and contrac-
tility, and longitudinal cardiac outcomes were 
not investigated in this study.21 The second 
paper was also a case-control study by Rufa 
and colleagues that investigated HR vari-
ability and other ECG changes during a 10- 
minute rest recording on 23 patients with  
CADASIL syndrome and compared the results 
to 22 age- and gender-matched patients in good 
health.11 

This study found reduced HR variability and 
an increased ratio of low-frequency to high- 
frequency variability, which the authors claimed 
demonstrates autonomic dysfunction in pa-
tients with CADASIL syndrome.11 Rufa and 
colleagues concluded that patients with CA-
DASIL syndrome are at higher risk for cardiac 
arrhythmias.11 This study also found no evi-
dence for MI, ischemia, conduction disorder, 
or arrhythmias in the patients with CADASIL 
syndrome compared with that of age-matched 
controls.11 Similar to the first paper, this 
study is underpowered, only looks at a sin-
gle timepoint recording, and uses incom-
plete and indirect measurements of cardiac  
function. 

There is a need for a longitudinal review of 
cardiac outcomes in the CADASIL syndrome 
population to determine whether these patients 
require additional surveillance or prophylaxis. 
While the variability in HR of our patient cannot 
be definitively attributed solely to CADASIL syn-
drome, the subsequent admissions demonstrate 
that long-term monitoring may be warranted.

CONCLUSIONS
CADASIL syndrome is an autosomal domi-
nant NOTCH3 signaling disease that affects 
the small vessel vasculature and leads to early 
ischemic events, headache, dementia, and 
death. CADASIL syndrome is frequently mis-
diagnosed due to insidious onset and vague 
presenting symptoms. Delay in diagnosis 
often results in nonoptimized medical man-
agement. Current guidelines recommend fol-
lowing poststroke protocol and minimizing 
individual risk factors by using antiplatelet, an-
tihypertensive, and dyslipidemia medications. 
This case demonstrates a classic presentation 
of CADASIL syndrome with lesser described 
cardiac symptoms. Few cases of unusual car-
diac symptoms in the setting of CADASIL syn-
drome have been reported. The relationship 
between cardiovascular disease and CADA-
SIL syndrome is not well described. Further 
research is needed to elucidate any links be-
tween CADASIL syndrome and cardiovascu-
lar disease and to optimize management for 
these patients. 
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