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Introduction: Cerebral autosomal dominant arteriopathy and subcortical infarct leukoencephalopathy (CADASIL) is the most common form of hereditary stroke caused by a mutation in the NOTCH3 gene located on the short arm of chromosome 19. A small number of published reports describe CADASIL patients who were initially diagnosed as multiple sclerosis. Although it was previously indicated that there was no association between NOTCH3 mutations and multiple sclerosis, the involvement of autoimmune mechanisms among patients with CADASIL has been hypothesized.

Case Presentation: Case 1 is a middle-aged woman with initial diagnoses of multiple sclerosis (MS) and myelitis that continued to progress despite treatment with disease-modifying agents. She had occasional migraines, transient blurred vision, and multiple lacunar infarcts. She continued treatment for about 15 years with no significant alleviation and progressive changes on brain MRI; genetic testing was ordered which showed NOTCH3 mutation, and diagnosis was changed to CADASIL with subsequent revision of treatment course. However, the presence of myelitis in this patient is unusual and may raise the question of a concurrent autoimmune process. Case 2 is a woman presenting with vertigo and paresthesia and diagnosed with MS based on an initial brain MRI showing biventricular white matter hyperintensities; however, she was not started on any disease-modifying agents. Her symptoms were reevaluated by a neurologist, and genetic testing was performed for NOTCH 3. Case 3 is a young woman with a history of migraines who initially presented with numbness and gait ataxia which later progressed to speech difficulty and memory loss. A diagnosis of MS was established which was later changed to CADASIL.

Conclusion: Since CADASIL is a rare disease, it is imperative to raise awareness of its unique clinical condition as well as variation in its clinical presentations. It is crucial that the overlapping symptoms between MS and CADASIL be thoroughly examined to avoid misdiagnosis and treatment complications. The involvement of autoimmune mechanisms in CADASIL and the role of NOTCH3 gene mutations in provoking an autoimmune process should be further investigated.
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INTRODUCTION

Cerebral autosomal dominant arteriopathy and subcortical infarct leukoencephalopathy (CADASIL) is the most common form of hereditary stroke. CADASIL is a genetic disorder caused by cysteine altering mutation in epidermal growth factor-like repeat (EGFr) domain of the NOTCH3 gene located on chromosome 19q12 (1). The core features of CADASIL are migraine, strokes, dementia, and psychiatric features (2). While typical radiographic features of CADASIL include a predominance of T2 hyperintensities in the bilateral temporal lobes and external capsules, the presence of confluent periventricular hyperintensities or other atypical features (e.g., spinal cord involvement) may mimic other diagnoses including multiple sclerosis (MS).

There have been a small number of published reports describing cases of CADASIL who were initially diagnosed as MS (3–5). Although it was previously indicated that there was no association between NOTCH3 mutations and MS (6), the involvement of autoimmune mechanisms in some patients with CADASIL has been hypothesized (7, 8). Here, we present a series of three independent cases, where the patients' journey is summarized from the time of initial presentation and diagnosis of MS until the time when CADASIL diagnosis was confirmed. The cases presented in this series were deidentified and reviewed by the privacy office at Geisinger Medical Center to meet the Health Insurance Portability and Accountability Act (HIPAA) Safe Harbor requirements. The Institutional Review Process was not required for publication.



CASE 1

The first patient is a 61-years-old woman with a history of migraine headaches, depression treated with paroxetine, memory loss, and paresthesia in her hands and feet for several years. This patient is an active patient at our center and continues to follow up with the neurologist at the age of 61 years. The patient's data were reviewed for the past 19 years when she was first diagnosed with MS (Figure 1). The clinical data included over 30 encounters, office visits, pharmacy notes, and radiology reports among others. She was first referred to a neurologist at the age of 43 years with the complaint of sudden onset of pain in the right shoulder while lifting heavy weight at work. Her past medical history was positive for depression treated with paroxetine, intermittent blurred vision, slurred speech, and occasional episodes of imbalance. The family history included a stroke in her father at 40 years and a brother who died from a stroke at an unknown age. A living brother and son endorsed migraine headaches. Cervical spine imaging demonstrated a C1 dorsal signal abnormality contiguous with the medulla. Degenerative changes were noticed in the cervical spine at C5-6 and C6-7 with spurring and some left foraminal stenosis. Electromyography (EMG) was performed that showed subtle findings of denervation of right-hand muscles. An initial diagnosis of cervical myeloradiculopathy was considered secondary to her shoulder injury, and she was prescribed pain medication for symptom relief. Her symptoms continued to deteriorate with increasing pain in both arms and finger paresthesia. An MRI of the brain demonstrated confluent T2 hyperintensities in the temporal lobe, lenticulostriate nucleus, thalamus, and the brainstem for possible MS. A lumbar puncture was completed in an outside facility, reportedly unremarkable, though the results were unavailable for confirmation. She completed a 2-weeks course of oral prednisone and was started on glatiramer acetate for a presumed diagnosis of MS.
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FIGURE 1. Summary of presentation and diagnosis for Case 1.


The patient continued to follow up with the neurologist for several years, with a diagnosis of MS. Her presumed MS flares included transient diplopia and intermittent vertigo. Repeat brain MRI showed worsening of T2 hyperintensities within the deep white matter and brain stem. MRI of the cervical spine revealed an anterior T2 hyperintense signal from C4 to C6 and a significant but stable C5 disk bulge. Due to her progressive symptoms of intermittent numbness, burning feet, difficulty with memory, fatigue, increased urinary frequency, and urgency, she was given a diagnosis of secondary progressive MS. Several immunomodulating therapies were tried, including glatiramer acetate, interferon-beta, peginterferon beta-1a, natalizumab, and teriflunomide; she continued to progress.

At 60 years, a brain MRI showed stable imaging sequelae of T2 hyperintensities with the evolution of right occipital encephalomalacia. MRI of the cervical spine showed stable dorsal signal abnormality at the C1 level and similar multilevel degenerative changes. The MRI was repeated at 61 years and demonstrated multiple lacunar infarcts (Figures 2A,B). The diagnosis was subsequently reevaluated. The imaging findings, along with the clinical picture of recurrent neurological events, and long-standing personal in addition to the family history of stroke and migraine headaches, were suggestive of CADASIL. The patient started a high-dose statin and aspirin therapy. Genetic testing for NOTCH3 gene mutation was positive revealing a heterozygous missense mutation (NM_00435.2:c.544>T[pArg182Cys]) (9, 10).
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FIGURE 2. (A) Case 1: Axial cerebral T2-FLAIR image demonstrates T2 hyperintense signal in periventricular area. (B) Case 1: Axial T2-FLAIR image after 10 years demonstrates significant worsening of T2 hyperintense signal in periventricular and subcortical areas with multiple prominent lacunar infarcts as well as cortical atrophy. (C) Case 2: Axial cerebral T2-FLAIR showing confluent white matter hyperintensities in bilateral temporal lobes. (D) Case 3: Axial cerebral T2-FLAIR: small foci of T2-FLAIR hyperintensity in the frontal lobe.




CASE 2

Case 2 is a 55-years-old woman who initially presented to an outside hospital with vertigo 20 years prior to being evaluated by a neuroimmunologist. Her symptoms started suddenly at work and gradually worsened. An initial brain MRI demonstrated confluent biventricular periventricular and juxta cortical T2 hyperintensities. Cerebral spinal fluid analysis was within normal limits without any oligoclonal bands. Her initial complaint included numbness and tingling in her hands and feet. However, she was not started on any treatment, and her symptoms resolved after a few months. About a year later, she developed bilateral migraine headaches without aura lasting from days to weeks, associated with nausea, photophobia, and phonophobia. The headache was refractory to typical migraine medications. In the light of the previous abnormal MRI, she underwent brainstem auditory-visual evoked potentials and somatosensory evoked potentials. The results were within normal limits. EMG was done due to concern for possible chronic inflammatory demyelinating polyneuropathy due to worsening numbness and tingling but showed negative results. Fifteen years after the initial episode, the patient started complaining of mild memory loss, increased numbness in hands and feet, and worsening migraine headaches (Figure 3). Her past medical history at that time was significant for generalized fatigue, hypersomnolence, anxiety, and depression. The family history was unremarkable. The diagnosis of MS was made by a general neurologist, and she was referred to an MS clinic. However, an MRI of the brain was repeated at age 55 years which showed a significant worsening of the white matter hyperintensity with the involvement of bilateral temporal and external capsules (Figure 2C). The patient diagnosis was changed to CADASIL based on the new imaging findings and a positive NOTCH3 genetic test.


[image: Figure 3]
FIGURE 3. Summary of clinical presentations and diagnosis for Case 2.




CASE 3

Case 3 is a 45-years-old woman with an initial diagnosis of MS who was referred to our center to establish care. She initially developed bilateral lower extremity numbness and impaired balance at age 21. Her past medical history was significant for oral contraceptive pills (OCPs) since the age of 17 and cigarette smoking. Due to the mild symptoms when first evaluated, she was not started on any disease-modifying therapy and was managed conservatively. Several years later in her mid-30s, she saw a neurologist secondary to experiencing word-finding difficulty, short-term memory loss, and difficulty walking. Her past medical history was remarkable for migraine, depression, mild short-term memory loss, ataxia, restless leg syndrome, urinary urgency, and stroke. She was on a 3-months course of glucocorticoids for her MS symptoms at that time. The family history was significant for migraine headaches. She underwent a lumbar puncture at a different center, which was reportedly positive for MS; however, the report of cerebrospinal fluid (CSF) study was not available to us. In addition, an MRI of the brain demonstrated periventricular and subcortical white matter hyperintensities in the frontal and parietal lobes.

She was started on short-term intravenous steroids. A few years later, she returned with several new neurological deficits including numbness and dysesthesias around the mouth, right leg weakness, and right foot drop which were thought to be MS relapses. At that time, the brain MRI demonstrated periventricular and subcortical white matter T2 hyperintense lesions in the frontal and parietal lobes (Figure 2D). The clinicians diagnosed her as having an aggressive form of relapsing-remitting MS and decided to start dimethyl fumarate (disease-modifying therapy). Reviews of the MRI at some later visits suggested findings inconsistent with MS and more suggestive of a vasculopathy. She was referred to a vascular neurologist, who performed a cerebral angiogram that was negative for vasculopathy. Shortly thereafter, she developed a deep vein thrombosis requiring a workup of coagulation profile that revealed mild elevation of factor VIII and fibrinogen. She was started on rivaroxaban and advised to stop OCPs. She continued to be stable on dimethyl fumarate with no MRI changes and did not report any side effects from the medications. After almost 6 years of being on dimethyl fumarate and no significant improvement, she was evaluated by another vascular neurologist for a second opinion. The genetic testing revealed that the patient had a cysteine altering mutation in higher domains of the NOTCH3 gene (NM_000435.2:c.3691C>T [p.Arg1231Cys]) that causes a milder form of CADASIL (Figure 4) (11, 12). The patient was taken off the disease-modifying agent and continued to follow up with the stroke neurologist and immunologist for symptomatic treatment and management of her new diagnosis.
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FIGURE 4. Summary of clinical presentations and diagnosis for Case 3.




DISCUSSION

CADASIL diagnosis can be difficult as the disease prevalence is extremely low for severe cases (about 2 per 100,000), and there is a poor genotype-phenotype correlation (13–15). The heterogeneity of symptoms and the age of onset also contribute to CADASIL being underdiagnosed. Our patients were women in the third and fourth decades of life who initially presented with multiple episodes of neurological dysfunction and T2-MRI changes suggestive of demyelination (Table 1). Although each patient had some red flags at the initial presentation, none of them fulfill the criteria developed by Pescini et al. for CADASIL diagnosis (16). These cases highlight the pitfalls associated with diagnosing patients whose demographics and clinical picture may be more consistent with a common neurological disorder.


Table 1. Clinical presentation and similarities in case series.

[image: Table 1]

Although the last two patients may be considered as misdiagnosed cases, the clinical findings of myelitis, an extremely rare finding in CADASIL (17), in the first patient were unusual and may raise the question of a concurrent autoimmune response. However, the history of stroke and the extensive leukoencephalopathy on brain MRI should not be overlooked. Although we cannot confirm the same causal mechanism leads to the coexistence of two conditions, CADASIL and MS, the involvement of (systematic) autoimmune mechanisms in some patients with CADASIL is explained (7, 8). A few studies have previously reported a rare occurrence of autoimmune disorders and inflammatory disease process among patients with CADASIL including coexistence of MS confirmed by subsequent response to steroid treatment (18–20). Tanuja et al. reported an interesting case with clinical presentation and confirmed diagnosis of Balo concentric sclerosis (a rare form of MS), who later tested positive for NOTCH3 mutation (21). They hypothesize that the presence of the NOTCH3 mutation associated with CADASIL in this patient could raise questions about disease pathogenesis and possible relationships between the two disorders. There are reports of the presence of central nervous system angiitis (22), antiphospholipid (23) or antinuclear (24) antibodies, or autoimmune thrombocytopenia among CADASIL patients (25). Oligoclonal bands in the cerebrospinal fluid, a characteristic finding in MS, have also been reported among CADASIL patients (26). Mutations of the NOTCH protein and components of its signaling pathway have previously been implicated in MS and CADASIL and could play a role in altering the course of the disease (27). It has also been shown that NOTCH3 receptor inhibition can play a role in T-cell response regulation, and selective inhibition of the NOTCH3 receptor may offer a new target in treating autoimmune diseases, including MS (8). Although there is no strong evidence of blood-brain barrier leakage in CADASIL (28, 29), the accumulation of NOTCH3 receptor ectodomain in the vascular wall might potentially increase vascular permeability. Some patients with CADASIL have high protein in CSF that can be evidence of blood-brain barrier dysfunction (30). There are also reports of good response to corticosteroids among patients with CADASIL (18). However, one may argue that partial recovery after a lacunar stroke can be confused with the response to anti-inflammatory treatments. There is also some degree of recovery after an ischemic stroke episode in a patient, which may mislead the physician and give the assumption that the improvement was due to disease-modifying therapy. In any case, it is still questionable if NOTCH3 mutations can provoke an autoimmune process.

In a recent study, one group prospectively followed 80 CADASIL subjects for a mean period of about 2 years and observed that the extent and mode of progression varied greatly among subjects and that some patients showed a marked and rapid deterioration, whereas others remained stable or even improved. Most patients with worsening disability in this cohort had experienced a new stroke, indicating that recurrent stroke is a major determinant of disability progression in CADASIL (31). Although recurrent stroke is a hallmark of CADASIL, some patients may not have a stroke. A recent study showed that the variability in patients' symptoms could be due to the position of the pathogenic variant in the NOTCH3 EGFr domain (11). The researchers showed that patients with pathogenic variants in EGFr 7–34 experience a much milder phenotype. The milder form was shown to be associated with a later onset of stroke and more prolonged survival in patients with CADASIL as compared to the more severe form of CADASIL (1). The milder pathogenic variant may explain the late-onset and slow-progressing symptoms in the last case presented above.

Although a family history of stroke and migraine plays a role in diagnosing CADASIL, a negative family history does not preclude the diagnosis, as affected family members may have been misdiagnosed (32) or the patient could be a proband (33). The de novo mutations causing CADASIL have previously been reported in literature (33–35). The physicians need to be mindful of the symptoms, such as lacunar infarcts and cognitive impairment occurring among younger patients with no vascular risk factors.

Since CADASIL is a rare disease, it is imperative to raise awareness of its unique clinical condition as well as variation in its clinical presentations. It is crucial that the overlapping symptoms between MS and CADASIL be thoroughly examined to avoid misdiagnosis and treatment complications. The involvement of autoimmune mechanisms in CADASIL and the role of NOTCH3 mutations in provoking an autoimmune process should be further investigated.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



ETHICS STATEMENT

Written informed consent was obtained from the individuals for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

AK, ME, MM, and RZ reviewed the cases. ME, MM, and RZ provided the critical evaluation of brain images. AK, RZ, and JL summarized the findings. AK drafted the manuscript. RZ and VA contributed to the writing of different sections. All authors read and approved the final manuscript.



FUNDING

This study was partially supported by funds from the Geisinger Health System to RZ and VA.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2020.00860/full#supplementary-material



REFERENCES

 1. Joutel A, Corpechot C, Ducros A, Vahedi K, Chabriat H, Mouton P, et al. Notch3 mutations in CADASIL, a hereditary adult-onset condition causing stroke and dementia. Nature. (1996) 383:707–10. doi: 10.1038/383707a0

 2. Ruchoux MM, Maurage CA. CADASIL: cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy. J Neuropathol Exp Neurol. (1997) 56:947–64. doi: 10.1097/00005072-199709000-00001

 3. Sathe S, Nunziato E. How often is CADASIL diagnosed as multiple sclerosis? (P4.076). Neurology. (2015) 84:P4.076.

 4. O'Riordan S, Nor AM, Hutchinson M. CADASIL imitating multiple sclerosis: the importance of MRI markers. Mult Scler J. (2002) 8:430–2. doi: 10.1191/1352458502ms834oa

 5. Carone DA. CADASIL and multiple sclerosis: a case report of prolonged misdiagnosis. Appl Neuropsychol. (2017) 24:294–7. doi: 10.1080/23279095.2016.1214132

 6. Broadley SA, Sawcer SJ, Chataway SJ, Coraddu F, Coles A, Gray J, et al. No association between multiple sclerosis and the Notch3 gene responsible for cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL). J Neurol Neurosurg Psychiatry. (2001) 71:97–9. doi: 10.1136/jnnp.71.1.97

 7. del Río Espínola A, Solé E, Montaner J. Fisiopatología del CADASIL. Med Clin (Barc). (2010) 135:222–30. doi: 10.1016/j.medcli.2009.10.034

 8. Jurynczyk M, Jurewicz A, Raine CS, Selmaj K. Notch3 inhibition in myelin-reactive T cells down-regulates protein kinase Cθ and attenuates experimental autoimmune encephalomyelitis. J Immunol. (2008) 180:2634–40. doi: 10.4049/jimmunol.180.4.2634

 9. Mizuno T, Mizuta I, Tomimoto H. Evaluation of NOTCH3 Pro167Ser variation in a Japanese family with cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy. Dement Geriatr Cogn Dis Extra. (2016) 6:183–4. doi: 10.1159/000445499

 10. Choi BW, Park S, Kim H-J. Possible role of a missense mutation of p.P167S on NOTCH3 gene associated with cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy. Dement neurocognitive Disord. (2016) 15:52–4. doi: 10.12779/dnd.2016.15.2.52

 11. Rutten JW, Van Eijsden BJ, Duering M, Jouvent E, Opherk C, Pantoni L, et al. The effect of NOTCH3 pathogenic variant position on CADASIL disease severity: NOTCH3 EGFr 1–6 pathogenic variant are associated with a more severe phenotype and lower survival compared with EGFr 7–34 pathogenic variant. Genet Med. (2019) 21:676–82. doi: 10.1038/s41436-018-0088-3

 12. Lee H, Deignan JL, Dorrani N, Strom SP, Kantarci S, Quintero-Rivera F, et al. Clinical exome sequencing for genetic identification of rare mendelian disorders. J Am Med Assoc. (2014) 312:1880–7. doi: 10.1001/jama.2014.14604

 13. He D, Chen D, Li X, Hu Z, Yu Z, Wang W, et al. The comparisons of phenotype and genotype between CADASIL and CADASIL-like patients and population-specific evaluation of CADASIL scale in China. J Headache Pain. (2016) 17:55. doi: 10.1186/s10194-016-0646-5

 14. Adib-Samii P, Brice G, Martin RJ, Markus HS. Clinical spectrum of CADASIL and the effect of cardiovascular risk factors on phenotype: study in 200 consecutively recruited individuals. Stroke. (2010) 41:630–4. doi: 10.1161/STROKEAHA.109.568402

 15. Mykkänen K, Junna M, Amberla K, Bronge L, Kääriäinen H, Pöyhönen M, et al. Different clinical phenotypes in monozygotic CADASIL twins with a novel NOTCH3 mutation. Stroke. (2009) 40:2215–8. doi: 10.1161/STROKEAHA.108.528661

 16. Pescini F, Nannucci S, Bertaccini B, Salvadori E, Bianchi S, Ragno M, et al. The cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) scale: a screening tool to select patients for NOTCH3 gene analysis. Stroke. (2012) 43:2871–6. doi: 10.1161/STROKEAHA.112.665927

 17. Hinze S, Goonasekera M, Nannucci S, Quaghebeur G, Briley D, Markus, et al. Longitudinally extensive spinal cord infarction in CADASIL. Pract Neurol. (2015) 15:60–2. doi: 10.1136/practneurol-2014-000870

 18. Collongues N, Derache N, Blanc F, Labauge P, de Seze J, Defer G. Inflammatory-like presentation of CADASIL: a diagnostic challenge. BMC Neurol. (2012) 12:78. doi: 10.1186/1471-2377-12-78

 19. Paraskevas GP, Constantinides VC, Kapaki E. Cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy vs. multiple sclerosis. Either one or sometimes both? Neuroimmunol Neuroinflammation. (2018) 5:49. doi: 10.20517/2347-8659.2018.50

 20. Bentley P, Wang T, Malik O, Nicholas R, Ban M, Sawcer S, et al. CADASIL with cord involvement associated with a novel and atypical NOTCH3 mutation. J Neurol Neurosurg Psychiatry. (2011) 82:855–60. doi: 10.1136/jnnp.2010.223297

 21. Chitnis T, Hollmann TJ. CADASIL mutation and Balo concentric sclerosis: a link between demyelination and ischemia? Neurology. (2012) 78:221–3. doi: 10.1212/WNL.0b013e31823fcd3c

 22. Schmidley JW, Beadle BA, Trigg L. Co-occurrence of CADASIL and isolated CNS angiitis. Cerebrovasc Dis. (2005) 19:352–4. doi: 10.1159/000085133

 23. Pantoni L, Sarti C, Pescini F, Bianchi S, Bartolini L, Nencini P, et al. Thrombophilic risk factors and unusual clinical features in three Italian CADASIL patients. Eur J Neurol. (2004) 11:782–7. doi: 10.1111/j.1468-1331.2004.00915.x

 24. Paraskevas GP, Bougea A, Synetou M, Vassilopoulou S, Anagnostou E, Voumvourakis K, et al. CADASIL and autoimmunity: coexistence in a family with the R169C mutation at exon 4 of the NOTCH3 gene. Cerebrovasc Dis. (2014) 38:302–7. doi: 10.1159/000369000

 25. Nannucci S, Pescini F, Valenti R, Ciolli L, Bianchi S, Dotti MT, et al. Stroke recurrence in an elderly CADASIL patient on aspirin discontinuation due to severe auto-immune thrombocytopenia. Aging Clin Exp Res. (2010) 22:98–9. doi: 10.1007/BF03324822

 26. Chabriat H, Vahedi K, Iba-Zizen MT, Joutel A, Nibbio A, Nagy TG, et al. Clinical spectrum of CADASIL: a study of 7 families. Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy. Lancet. (1995) 346:934–9. doi: 10.1016/S0140-6736(95)91557-5

 27. Rampal R, Luther K, Haltiwanger R. Notch signaling in normal and disease states: possible therapies related to glycosylation. Curr Mol Med. (2007) 7:427–45. doi: 10.2174/156652407780831593

 28. Cognat E, Cleophax S, Domenga-Denier V, Joutel A. Early white matter changes in CADASIL: evidence of segmental intramyelinic oedema in a pre-clinical mouse model. Acta Neuropathol Commun. (2014) 2:49. doi: 10.1186/2051-5960-2-49

 29. Wardlaw JM, Sandercock PAG, Dennis MS, Starr J. Is breakdown of the blood-brain barrier responsible for lacunar stroke, leukoaraiosis, and dementia? Stroke. (2003) 34:806–12. doi: 10.1161/01.STR.0000058480.77236.B3

 30. Dichgans M, Wick M, Gasser T. Cerebrospinal fluid findings in CADASIL. Neurology. (1999) 53:233. doi: 10.1212/WNL.53.1.233

 31. Ruchoux MM, Guerouaou D, Vandenhaute B, Pruvo J-P, Vermersch P, Leys D. Systemic vascular smooth muscle cell impairment in cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy. Acta Neuropathol. (1995) 89:500–12. doi: 10.1007/BF00571504

 32. Razvi SSM, Davidson R, Bone I, Muir KW. Is inadequate family history a barrier to diagnosis in CADASIL? Acta Neurol Scand. (2005) 112:323–6. doi: 10.1111/j.1600-0404.2005.00495.x

 33. Coto E, Menendez M, Navarro R, Garcia-Castro M, Alvarez V. A new de novo Notch3 mutation causing CADASIL. Eur J Neurol. (2006) 13:628–31. doi: 10.1111/j.1468-1331.2006.01337.x

 34. Stojanov D, Grozdanović D, Petrović S, Benedeto-Stojanov D, Stefanović I, Stojanović N, et al. De novo mutation in the NOTCH3 gene causing CADASIL. Bosn J Basic Med Sci. (2014) 14:48. doi: 10.17305/bjbms.2014.2297

 35. Joutel A, Dodick DD, Parisi JE, Cecillon M, Tournier-Lasserve E, Germaine Bousser M. De novo mutation in theNotch3 gene causing CADASIL. Ann Neurol. (2000) 47:388–91. doi: 10.1002/1531-8249(200003)47:3<388::AID-ANA19>3.0.CO;2-Q

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Khan, Abedi, Li, Malik, Esch and Zand. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-11-00860-t001.jpg
Clinical findings Case 1 Case 2 Case 3

Age at first presentation 43 35 21
Spinal hyperintensities - - -
Mermory loss -
Migraine/Headache
Stroke/Transient ischemic attack - - -
Mood disturbance/Depression
Blurred vision
Aphasia/Speech difficulty
Cognitive deciine - - -
Vertigo - +
Gait imbalance
Numbness/Paresthesia
Bladder symptoms (Urgency/Frequency) - - -

+
+ +
+

+ 4+
s
s

+ +
|
+ o+ o+

+
+
+

Smoking history





OPS/images/fneur-11-00860-g003.gif
g dagro

Mutplesclerosis

oy Workng Camsueteing
s

canrsi

caDASILvs Loukodystrophy.





OPS/images/fneur-11-00860-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		CADASIL vs. Multiple Sclerosis: Is It Misdiagnosis or Concomitant? A Case Series



		Introduction



		Case 1



		Case 2



		Case 3



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

CADASIL vs. Multiple Sclerosis: Is It
Misdiagnosis or Concomitant? A
Case Series





OPS/images/fneur-11-00860-g001.gif
cinctpresnioion | | Symptoms smptoms Newsymptons
g paninnece ym || <2/ ki aruihsome e s oy esdscnes
Pusedcotbiory || Ting rumbnes ||+ Kumbnes/ ngioginlogs et || - Urnor eaukney
oepresion ey Oloposti Workup Fna Do
“iagine Deceusedviion | |- A (evenedimret) ~Gost.
~Sumegspescn Ol Chen Tresmentpan
DlgnasicTess Nitesciooss | | Worngbisnoss ocmimoeren
o ediaions prstseiy  Continue A ot
vy i ~Suote *Biktuctormadteston
Warkiogisgoss ~Gamecacems | | Trement *imkingeanaton
e CRumropon

mposdcsoputy | | - Amiviine
Medons ~Gspentn

Convical yoloraicuiopathy. Mo sdoross caomsiL

Wi ogre et e 25y b s

T





OPS/images/fneur-11-00860-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





