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Causes and risk factors
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ABSTRACT

specific d

Recognition and management of stroke in
young adults and adolescents

Approximately 15% of allischemic strokes (1S} occur in young aduts and adolescents. To date, only
limited prior public health and research efforts have specifically addressed stroke inthe young. Early
diagnosis remains challenging because of the lack of awareness and the relative infrequency of
stroke compared with stroke miics. Moreover, the causes of IS in the young are heterogeneous
and can be relatively uncommon, resulting in uncertainties about diagnostic evaluation and cause-

have raised

Deborah A. Levine, MD,
MPH
Steven R. Levine, MD

Neurology recently

bout the increasing prev-

alence of traditional vascular risk factors in young individuals, and their potential role in increasing
the risk of IS, stroke recurrence, and poststroke mortality. These issues make it important to formu-
late and enact strategies to increase both awareness and access to resources for young stroke
patients, their caregivers and families, and health care professionals. The American Academy of

ognition, evaluation, and

tpanel todevel
of ISin dults and

document conceming the rec-

singhil@parmcrson,

The report of the con-

sensus panel is presented herein. Neurology 2013:81:1-9

Table3
adolescents

A Frequency of stroke etiology"
Largo-vessel atherosderosis (29%-11%)
Smallvessel disease (7%-14%)

Cardiac embolism (20%-47%)

Other determined stiokogy (20%-34%)

Muitple etologies (2%-3%)

8 Arterial

1. Corebral artery dissection
2 Reversiblo corebral vasoconstriction syndromes
3 Moyamoya disease
4. Sicdo call dsease
5. Transient cerebral arteriopathy of chidhood
6 Promature atherosclrosis, ipohyalinosis
7. Rediation induced rteriopathy
8 Migraineinduced stroke

9. it drug abuse (e, cocaine, amphetamines, ecstasy)

C.Cardinc
1 Patent foramen ovale
2 Congenitalbeart dsesse
3 Infoctous nd renbecterl thambotc andcardiis
4 Rhwumatic valvlr heart dsesse
5 Post cardoc argory o cathatr ntervention

6. Arthythrio .3, atrial foriltion, sick sinus syndrome)

7. Cardisc tumors fe.g, arial myxoms, papilary fbroslastomal
8 Rocent myocard infarction
9. Dilative cardomyopathy

D. Homatologic

1. Hoparin nducad thrombocytapania

2 "
Loiden mutation prothvomtin gene G20210A mutation
3

nephvotic
‘syndrome, antphospholid antibody syndrome)

4

leukami,

*Classified according to the Trial of Org 10172 in Acute Stroke Treatment schema.

of Medicine, Yager PH, Singhal AB, Nogueira RG, Case records of

10, Infe B ol Hphom
syphis, HV)

1 the
CNS, Boheot
disaase)

12 Ganaicar hartod stoiopty ., Fobry isose romusaler dypasa
infarcts and leukoencephalopathy, TREXL mutation disordars, mitochondrial

lactic acidosis,
hyperhomocysteinemia neurofbromatosis type 1)

the Massachusetts General Hospital. Case 31-2012. An 18-year-old man with blurred
vision, dysarthria, and ataxia, 367, 1450-1460. Copyright © 2012 Massachusetts Medical
Society. Reprinted with permission.

Neurology® 2013:81:1-9

Laboratory tests

Contents

[ Tablo4  Laboratory evauation ]
Common tess
Conpte bl count with dfarntil ol cous
Eryvacyto sadmenttien st
Urinalysis

with NRL bosl
Serum lctrltes fver and rara function tests

Blood ghcose,hamoglebin ALC level

Ui pane, pogrotein ) vl C rctie proten ave
Prograncy test

Head CT, brain MRI

MR,
arotid artery Duplex uitrasound, transcranial Doppler ultrasound

eg, CT-perfusion
Transthoracic andlor transesophagesl echocardography

Hoker monitoring

‘Selected tosts for specific stroke etioogies
‘Serum and urine toxiology screen

Lower e CT or MR

ehanced PET
studies for corabrovascular “roserve”

col counts,

ooy,
viral, fungal, bacteria,
disaases

oid factor, anticardiolpin antibodies, camplement levels, cryoglobuln level, neutrophil
cytoplasm antibody (CANCA and ANCA), Sc70 antibody, anti-centromere antibody, antiRo
(SSA) and anti-L antibodies,se nti-

Infoctious disease panel tests: vricalla-zostor irus, herpes simplex virus, Epstin Bar vius,
HIV, hepatits B and C viruses, tubercubsis, syphils, Lyme, and others

proten'S, and
mutation,factor V Leiden mutation, and others

viscosity,
Coamb test, bone marrow aspiation biopsy, and others

Ophthalmologic avaluation: fucruscein rotinal angiography, Schirmer test
Biopsy: brainfleptomeningl, skin temparal atery, sural nerve, muscle, tc.

Genetic tests: for conditions such as CADASIL, RVCL MTHFR 677C-T pleomorphism and
others

Abbreviations CADASIL =

MR = magnetic -
late reductase; pANCA = perinuckear antineutrophi cytoplasmic antibodies; PFO = patent|
foramen ovale; PT = prothvombin tme: RVCL = retinal vasculopathy with cerebral
leukodystrophy.

Neurology® 201381:1-9

® Moyamoya disease

® Cerebral venous thrombosis

® Cancer related stroke

® Paradoxical embolism: PFO, Pulmonary AVM

® Reversible cerebral vasoconstriction syndrome

® 45K OfAt7} Zhaf2R X5

® 84| OIX} 0[0|7} 7L} =72
20 ZRAYH 25 Opb|7 2y

A2 Y2 M, 2718

obe| 7 2

® Distal ICA, Proximal ACA, MCA steno-occlusion
@ Definite moyamoya disease : bilateral
® Probable moyamoya disease : unilateral

® Moyamoya syndrome

- Atherosclerosis, Autoimmune disease, Meningitis, Tumor,
Neurofibromatosis, Rdiation, Down syndrome, Trauma

a8 351
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Epidemiology

Epidemiology

® Prevalence : 3.16/100,000
® Incidence : 0.35/100,000
® Female predominance: 1.8:1

® Two peaks
- Juvenile form (5~15): symptomatic episodes of ischemia
triggered by exercise, crying, coughing, hyperventilation
- Adult form (30~49): ICH is the presenting event in more
than 60 %

® Genetics: Ring finger protein 213 (RNF 213)

Incidence, Prevalence, and Survival of Moyamoya Disease
in Korea
A Nationwide, Population-Based Study
11 Min Ahn; Dong-Hyuk Park, MD, PhD: Hoo Jae Hann, MD, PhD:
Kyoung Hoon Kim, MPH, PhD; Hyun Jung Kim, MPH, PhD: Hyeong Sik Ahn, MD, PhD
(Stroke. 2014:45:1090-1095.)

Table 1. Incidence and Prevalence of Moyamoya Disease in Korea, 2007 to 2011

Incident Cases Prevalent Cases Incidence" per 10 Prevalencet per 10°%
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Figure 1. Incidence of moyamoya disease by sex and age in
Korea, 2007 to 2011. Vertical axis shows incidence by 10°; hori-
zontal axs shows age in 5-y increments unti the age of 80 y.

Figure 2. Prevalence of moyamoya disease by sex and age in
Korea, 2011. Vertical axis shows prevalence by 10°; horizontal
axis shows age in 5-y increments unti the age of 80.

Pathology

Diagnosis

® Intima : fibrosis, fibrocellular hypertrophy
® Internal elastic lamina : waving, undulation
® Media : thinning

FIGURE 4:

Histological and eosin section of a large basal artery in
a patic nd proli

smooth elasti

(Courtesy of Dr Seven Rostad, Swedish Neuroscience Institute, Seattle, Washington.)

® Digital subtraction angiography (DSA), MRA
® High resolution MRI High ion Magnetic Wall Imaging

Findings of Moyamoya Disease

MD; Jong-Soo Kim, MD;
MD, PhD

(Stroke. 2014:45:2457.2460.)

Moyamoya grading

Treatment

Stage 2 714 20
ol et
R

08 352 ¢+ Swwki @AY HUBRY 22

©® No evidence

® Medical treatment
- Follow ischemic stroke guideline
- Antiepileptic drug, Anti-hypertensive drug
- Antiplatelet agents (especially cilostazole)

® Surgical treatment
- Replace circulation, increase collateral circulation
- Useful in juvenile form
- Direct bypass : STA-MCA anastomosis

- Indirect bypass : Encephaloduroarteriosynangiosis (EDAS),
Encephalomyosynangiosis (EMS), Multiple burr hole surgery,
Encephaloduroarteriomyosynangiosis (EDAMS)

48
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Prognosis

Prognosis
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Figure 3. Survival of child (<15; A) and adult patients (215; B) with moyamoya disease compared with corresponding general population.
Vertical axis repfesents survival by percentage; horizontal axis represents months after diagnosis. GP indicates general population.
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Figure 4. Survival of child (<15; A) and adult patients (215; B) with moyamoya disease by surgical and nonsurgical groups. Vertical axis
represents survival by percentage; horizontal axis represents months after diagnosis. (Stroke. 2014:45:1090-1095.)

The natural clinical course of hemodynamically stable
adult moyamoya disease

Won-Sang Cho, MD,' Young Seob Chung, MD, PhD,' Jeong Eun Kim, MD, PhD,!

Jin Pyeong Jeon, MD,' Young Je Son, MD,' Jae Seung Bang, MD," Hyun-Seung Kang, MD, PhD,!
Chul-Ho Sohn, MD, PhD,? and Chang Wan Oh, MD, PhD' J Neurosurg 2015:122:82-9
Departments of ‘Neurosurgery and Radiology, Seoul National University College of Medicine, Seoul, Korea

TABLE 3. Significant risk factors for stroke during follow-up on
multivariate analysis with Cox proportional hazard method

TABLE 2. Annual risk of stroke* Event & Risk Factor HR 95%Cl  pValue
Hemorrhagic ~ Ischemic  Overall Any stroke event
Group Stroke Stroke Stroke Familial MMD 2624 1276-5393  0.009
Al patients 23 22 45 Thyroid disease 2562 1158-5669  0.02
Hemorrhagic group 43 14 57 Hemorrhagic event
Ischemic group 12 30 42 Initial symptoms (hemorrhage ~ 2.527  1.236-5166  0.011
Asymptomatic group 25 08 34 vs others)
Familial MMD 3094 1238-7730 0016
* Values indicate %/person-year.
Ischemic event
Initial symptoms (ischemiavs ~ 2.686  1150-6.272  0.022
others)
Familial MMD 3108 1.260-7665 0.014

Venous anatomy

@ 10 ™ Nephrotic syndromeS £ ZRICH HHOf
HMO2 X220 QX 2 ofXp7t 2|2 =81
o= ML) U =5 UTAR o4l
AX|OHH| 2 A ato) 2| 2| &

Cortical veins 17%

«——— Superior sagital sinus
Posterior frontal vein %
Trolar vein
Anterior frontal vein Decp venous system 11%
Straight sinus §
: Figure 2. Magnetic resonance venogram
showing the cerebral venous system and
most frequent (%) location of cerebral
venous and sinus thrombosis, as reported
in the International Study on Cerebral
Venous and Dural Sinuses Thrombosis
(n=624).%

Transverse (lateral)
sinus 4145%

Sigmoid sinus

Internal Jugular

(Stroke. 2011:42:1158-1192.)

Predisposing factors

Clinical presentation

Table 3. and o
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Clinical presentation Frequency (%)

Headache 75%
Papilledema 49%
Ataxia 34%

Seizure 37%

Altered consciousness 30%
Speech disturbance 12%
Cranial nerve dysfunction 12%
Cerebellar dysfunction 3%
Nystagmus 2%
Hearing loss 2%
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Diagnosis

Diagnosis

Figure 3. st compu o =

Figure . image showng
a ighntensty band venous narct n fontal lob.

58-1192.)

Bues 10 Corusadomogn g showeg ied e
Sty Wi venous Snuses figh-densily contrast i patent sag-

s e o o na Tow Gty ack s 1 rpersong

[Figure 14. Venous phase of irect caroti angiogram and cath-
eter venogram showed extensive thrombosed superor sagital
sinus white amows) and cortical veins. The direct venogram
[aiso showed colatera cortical vens.

Figure 11. Magnetc esonance venography confied thrombo
55 (iack arows) of Nt ransverse and sigmod sinuses and
jvouar ven.

Figure 12. Magnetic resonance venogram showing thrombasis
(lack amows) of the superir sagtal sus nd sk

tom onset. B, 1 year follow-up
atr oral antcoaguation herapy (OAC)

(Stroke. 2011:42:1158-1192.)

Treatment

@

Proposed Algorithm for the Management of CVT

Clinical suspicion of CVT
(500 socton on “Cincal Diagnosis of CVT)

'MRIT2"weighted imaging + MRV. No evidenco of CVT
i e
o roscna hpsaree
Nt
Gransimcen
firmed by imaging o
‘ CVT (confirmed by imaging) ‘ S e,

[ Initiate anticoagulation (IV heparin or SC LMWH) ‘
o major t

Neurological improvement Neurological deterioration
or stable

‘or coma despite medical reatment

ICH
‘on repeated imaging

‘Continue oral anticoagulation

Noor
on repeated imaging

tothe underlying etclogy
a) Transient reversie factor
b) Lowisk thrombophiia

therapy (with orwithout
mechanica disrupton) $

(S sckoncn L T Margurer s

e o Bkl s s K
(g, st of sezures,intracranial )

Figure 4.

for e,
Qeners neurciogts i he irois and managemes of OVT. The am of (s agorth & (o rovde qucarce
il mansgemertof OV, Avtcoagiaion emans e b el thecapy and s et prvering

wsasing recaralzaton, T agort

indvid bl o0 00
rapy o e arageentof VT8 ot h ow radea e o Fecormencetons. AT ipstd future aances i g

is ot comprehensie nor applcadefo al cinical scenaros and it man

o ecniaues
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ot veos a1 S VOIO655, LYW o GRS g At T, e o, SN nemorage; O, O
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piaton therapy o falure of intal

erapeisi doses of anlcoaguant therepy.

(Stroke.

2011:42:1158-1192.)
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Cancer related stroke

@

Cancer related stroke

S,

©

@ Hidden malignancy w/u
- Lung cancer (lower lobe)

° 148 = @y

3 Y% =9 A

50

Cancer

[ 7%

symptomatic stroke |

50~60%
Conventional
Mechanisms

40~50%
Cryptogenic

NBTE (+)
Autopsy (32%)

Poor survival

NBTE (+)
TEE (18%)
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Clinical characteristics

Ischemic Stroke in Cancer Patients With and Without

Conventional Mechanisms
A Multicenter Study in Korea

Table. Patlent Characteristics and Odds Ratios for Cryptogenic Group

(Stroke. 2010:41:798-801.)

Estimated 0dds Ratio for
Cryptogenic Group
CSM Growp Cryptogenic Group
(=97) n=64) Crude Adusted 95% C) 4

Risk factor profiles

Age 700103 630+106% 0967

Male gender 58(50.8%) 46 71.9%) 4760°

Hypertension 50(60.8%) 20 31.3%% 0541

Diabetes. 26(26.8%) 8(125%) 0430

Smoking 28(28.9%) 22(34.4%)

Acohol 17(207%) 14(24.6%)

Dyslipidemia 14(14.6%) 8(125%)

Alrial fitation 20(206%) 0 0% NA

Ischemic heart disease 9(123%) 6(120%)
Distant metastasis 21(244%) 32(54.2%) 1912
DWI patterns

Single vascular terttory 77794%) 19.20.7%) Reference Reference

Multiple vascular teritories 20206%) 45703 1073 1116 (374-33.28) <0.001
Laboratory findings

o-dimer levels, ug/mL 362103 1151461

o-dimer levels of >1.11 pg/mL 29 (39.7%) 45 81.8%)¢ 11.70¢ 10.55 (3.20-33.84) <0.001

*P<0.05; tP<0.01; $P<0.001

Figure 1. A typical example of cryptogenic stroke with active cancer (cancer-related stroke). The patient was a 55-year-oid female, who

9 ph
and right hemiparesis.Intial D-dimer levels were 20.56 ug/mL. Diffusionweighted MR (3) shows mutiple lesions invohing multiple vascular

transesophageal echocardiogram and 24-hour Holter monitoring demonstrated no sources of cardioembolsm.
d0i10.1371/jourmal pone044959.9001

Kim SJ et al. PLOS one 2012

Cancer profiles

Table 1. Baseline characteristics.

Cancer-related stroke  Cryptogenic stroke without  Active lung cancer without
(N=71) active cancer (N=277) stroke (N=33)
Laboratory findings
D-dimer, 1g/mL 1067 (308-25.67) 045 (029-1.00F 067 040-135¢
Fibrinogen, mg/dL 337 (213-500) 306 (259-380) NA
DWI pattems
Single vascular territory 17 @399 29 627% NA
Single lesion s W NA
Muttiple lesions. 2 86 NA
Mutiple vascular territories 54076.1% 48 (173t NA
Cancer profiles
Time interval between stroke onset and the 50-2) NA NA
diagnosis of cancer, months
rimary cancer type
Lung 29 (@089 NA 3 (100%)
Gastrointestinal 1 55% NA NA
Hepatobiliary 18 (25.4% NA NA
Breast-gynecologic 709%) NA NA
Others 6(85%) NA NA
ystemic metastasis 476629 NA 2 (€05%
Adenocarcinoma 48 (6769 NA 2%(788%
Chemotherapy causing coagulopathy 23 @0 NA 12 364%)
Cisplatin 3 NA 2
Methotrexate o NA 0
Lasparaginase 0 NA )
Bevacizumab 0 NA

0
Kim SJ et al. PLOS one 2012

Vark et al. Blood 2007

NBTE

Treatment

® Nonbacterial thrombotic endocarditis
® Deposition of sterile vegetation on valve leaflets
® “Marantic endocarditis” - wasting away

® Fibrin and platelet deposition

® TEE positive (18%) in cancer stroke
® Murmur: few patients

® Anticoagulation

Warfarin
Low molecular heparin (preferred)
Heparin

New anticoagulants

2015 CHEHIZSIS| B SEIS
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Prognosis Pardoxical embolism
Cryptogenic Subtype Predicts Reduced Survival Among ©® 204 O4Xt7F Xt YLOLIM = HOM|QF ZZ0o|MS
Cancer Patients With Ischemic Stroke SASON, STM QL £X ZAS AAlE

Babak B. Navi, MD: Samuel Singer, MD; Alexander E. Merkler, MD:
Natalie T. Cheng, MD: Jacqueline B. Stone, MD; Hooman Kamel, MD;
Costantino ladecola, MD; Mitchell S.V. Elkind, MD, MS: Lisa M. DeAngelis, MD

(Stroke. 2014:45:2292-2297.)

® 36A OiX}7} B4 HEEO2 k|gtn
UOJLEN SR04 7t LA

Table 3. Multivariate Cox Hazard Analysis of Prespecified
Clinical Factors and Death

Hazard Ratio (95% CI) PValue

Metastases to other organs 2.55(1.84-3.53) <001

Cryptogenic stroke 164(1.25-2.14) <001

1.08(0.81-1.44) 060

0w W 20 S0 0 S0 60 W gy 1.00(0.99-1.01) 042
R Days From Index Stroke

Modified Rankin Scale score <2 0.48 (0.36-0.63) <001

KoownMecharons 10 7 S S5 M4 W ™ ®:
Copopencoroe 10 R W @ @ a W v w2

Clindicates confidence interval.

e — p——

Figure 1. Kaplan-Meier plot of survival free of death, stratified by
cryptogenic stroke.

Paradoxical embolism

® Thrombotic clot in vein ® Congenital, developmental defect

il P
I
® Right to left shunt «l ® Incomplete closure of the atrial septum
- Patent foramen ovale (PFO) Invacrdisc shut, el Embalism
- Atrial septal defect Winomin m:“«l“”:“ ® Allows shunt between both atrium
- Pulmonary AVM e o0

Pellphev:i l[mlm(ls:“
T emplosbocs

e ® Sources of embolism via PFO
“ - Deep vein thrombosis

- In situ thrombus

ovale (PFO),septal
defect, or pulmonary
AV malformation,

a5 2 paradorical
embolism

® Systemic embolism
- Ischemic stroke
- MI
- GI ischemia ® Prevalence
- Renal ischemia SIS e - First 3 decades : 34%

- Peripheral artery occlusion e \J g O - 3-7 decades : 25%

The formation of
blood vessel(vei) - Octogenarians : <20%

JACC 2014 29;64.403-15

Right to left shunt in PFO

® Physiologically, a pressure gradient is maintained
between the left and the right atrium

® Increased right atrial pressure

- Valsalva maneuvers (coughing, sneezing, squatting,
defecation, micturition)

- Permanent increase (pulmonary HTN)

® Anatomical variations ?
- Eustachian valve o~
- Chiari network G P
- Atrial septal aneurysm

7 10 1
sEconps 13:25:34

Figure 1. Contrast TCD detected RLSh of >10 signals (upper panel), “shower” (middle panel), and “curtain” (lower panel) patterns in
MCA 5 seconds after the end of the Valsalva maneuver.

JACC 2014 29;64:403-15 Stroke 1998;29:1322-1328
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Is PFO guilty? Is PFO guilty?

® Incidence in general population : 25%
® Incidence in cryptogenic stroke : 40%

TABLE 1. Prevalence of RLSh by TCD in Patients by Stroke Subtype and In the Study Population
Proportion of CS patients with PFO: 0%  Patients wibout PFO Figure 1. Proportion of patients with CS with- Pationts
: 25 &pFO out PFO with Incidental PFO and with patho- S ) Sty Rpai
(50% oI PFOS arencGents) | g patents win ncidetsl PFO genic PFO. This figure shows how the pro- known Elology . L
A — | portion of incidental versus pathogenic PFO Atherosclerotic Cardioembolic Lacunar Other Cryptogenic Total Patients Control Subjects
@ Patents win pathogenic PFO | In patients with CS can be calculated based n-45) n-39) 0-65) =4 05 0-208) =100
on the prevalence of PFO i patients with CS
and In control subjects. Case A shows that ALSh basal 1124.4%) 4(103%) 16Q46% 00 @AWt SBEIINS 2@3%t
when the prevalence of PFO In the CS popu- RLSN Valsava® 11(256%) 6(156%) 2(@3%) 00 30E66W  63E35%§ 2@
Patints with CS unveiated 1o PFO lation Is 40% and the prevalence of PFO In
(PFO rate=25%, identical to conirols) the control group Is 25%, then 50% of PFOs Large RLSh basal 2(44%) 2(51%) 3(46%) 00 13(236%)t 20(06%)§ 8(E%E
discovered in patients with CS would be inci- Large RLS Vaisaha® 207%) 4(105%) 100154%)  00)  24(53%t  40(197T%§ 21 Q1%
Proparton ofCS patients wih PFO: 0% ::"'gi?' N s baced on fhe assumpion et RLSN basal and ALSh Valsala nclde allRLSh deected, independent o the ize of RLSY, Large ALSh t more than
Proportion of contros with PFO: 204 Pl s w8 PO causes unrelated to PFO will have the same (ncluding those with shower and curtain patterns).
ke PFO prevalence as the control group (n this “Proportons have been calcuiated from 203 patients who performed the Vaisalva maneuver.
case 25%). If the PFO prevalence In patients foryptogenic vs stroke of known etilogy, P<0.0001.
with CS was Increased siightly to 50% and $Control group vs cryptogenc, P0.001; $3P<0.01
the PFO prevalence among control patients §Whoke group of patients vs control group, P=NS.
was decreased, then the rate of mdegtial
M PPFOs among patients with CS and PF
Patients with CS unvelated o PFO
P50, ekt ramnrdy ortoe) would decrease to only 25% (Case B).

CryptogenicQ| Z2 RL shunt7} &g

Stroke 2009;40:2349-2355 Stroke 1998,29:1322-1328

Case-control studies Cohort studies

Study %

) OR(3%0) Wegt

Pogulatonbased :

Webster (1968) S — T18239,2158) 557 Study %

Jones (1994) —— 160(080,321) LE

Job (1984) —_— 257(1.14,581) 138 ) HR (95% C1) Weigh

Serena (1998) — 255(130,502 83

Petty (2006) - 1.01(0.65, 1.57) 1009

Eteati 2011) ——— TP 5B 0 i i

: " ———— 2
Figure 2. Meta-analysis of patent foramen Pezzini 2012) - IMEMA)  nA s (2001) § " d
ovale and cryptogenic stroke of ause-contrd Scttatal Qaquired = T15%. 9= 0.000) < 508429 0 Homma (2002) e 124(079,195) 2560
studies according to population- and hospital- : Figure 4. Meta-analysis of patent foramen
" Hospta-based ] Meissner —_— 146(074,209) 1635 gy lyss of patent fora

sl sudies. Abrevations: I, aonfdence in- b e : —— Lol i 6209 ocule and stroke in cahort studics. Abbrevia-
terual; ::, odfs ratio. (Color version of figure Soldor (1992 ——— PR a6 42 Serena (1996) I — 1 AR tions: C, confidence interval; HR, hazard ratio.
is available online) Cabanes (1993) —— 584,100 6% (Color version of figure is awwilable online.)

Mesa (2009) —_— 28100771 622 Feurer (2010) —rt 081(039,169) 1477

Pecty (2006) =t 189(1.12,317) 982

Gt -] a2, W DiTuio 2013) —_— 110(064,191) 2121

Subtetal (Hsquared = 71.5%, p = 0.004) <> 365Q205,650) 4390 Overall (-squared = 36.6%, p = 0.163) <O 128(091,180) 10000

Oweat (Hsquared = 14.4%. = 0.000) <> 24Q06.420) 10000 i

H NOTE: Weights aro from random offocts analysis:
NOTE: Weightsare fom random eflects araysis :
T T H Hars
{7} 1 a6
JSCD 2014 23;5:1207-1215 JSCD 2014 23;5:1207-1215

Cohort studies High risk PFO

A patients with PFO  patients without PFO. Risk Ratio Risk Ratio
Suyor ubgro ot Tt " ot Totol Woi . Ramdom 5541 Fandom. 0541
Cujec et al, 1999 19 52 8 3% 0% 1.74[0.85,354) w2
De Castro etal, 2000 8 ™ 18 8 189% 0520024112 seley — 10 o
OiLegge 3, 2011 S s o 12003 —— g
Homma et al, 2004 16 98 20 152 256%  118[085,215] s i g
FHoramogus et N W 15w B 1speio e K i .
Total 95% €1 s 52 1000 1.18(078,179) > S Lo alone H
Fomopoaty Tok= 008 CHP= 8361« 4 =017, P 375 U e i i
erogenedy Tait= 008, CH= 36, f= 4 =017 e e
Tesorowrs el 250737 <049 o rabro 3w "-'i § e
a ! *
8 £ i i. .
Paterts wenPFO _ Patiets wihot PO Rkt skt s i :
':Em Events. Total Total NV, Random, 95% CI V. Random, 95% C1 ; 70 i = o
5w o s oseaie H s b= i
“ Table 2. Rates of Outcome Events in Patients With Cryptogenic | andASA N |:_|:|
'| Stroke Stratified by the Presence or Absence of PFO = n & &
Subtotal N=123 N=55 N=46 N=20
Ty Outcome Event PFO (+) PFO(-) PValue Months Contol  Transient One woor
Testorowa) Annual rate of 56% 26%-85%)  50%(21%79% 0791 Maar e ischemic lschemic.  More
NoPFOOrASA 304 291 267 158 48 Attack Stroke ‘Strokes.
i recurrent stroke/TIA PFO alone 26 27 18 122 a3
feumretal 2 Annualrate” of 20% (11%-28%)  24%(1.6%-33%)  0.440 Asdone 0 09 4
Total events | Tecurrent stroke PFO and ASA 51 % 44 2% 10
ogen
Testorowa]  PFO indicates patent foramen ovale; and TIA, transient ischemmic attack. | - |
eosn] *Per 100 patient years. Atrial septal aneurysm Large PFO
Tooers
Teto o o 25 0E QI L NEJM 2001;345:1740-6 Am J Med 2000;109:456-62
Tesior subaroun freces e 042, f=1 P=052,P=0%
Fi 3. Risk of
r:;:r’.‘m%mm?ammm;f et o T Vrn o [ Eustachian valve | | Chiari network |
i Stroke 2014,45:3352-3359
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Risk calculation

Image characteristics

[ Table4  ROPE score calculator ]
Characteristic Points RoPE score
No history of hypertension 1
No history of diabetes 1
No history of stroke or TIA 1
Nonsmoker 1
Corticalinfarct on imaging 1
o Cryptogenic stroke (n = 3,023)
18-29 5 Prevalence of patients
30-39 4 RoPE score No. of patients with a PFO, % (95% CI)*
10-49 3 0-3 613 23(19-26)
50-59 2 4 511 35(31-39)
60-69 1 5 516 34(30-38)
20 0 6 482 47 (42-51)
Total score (sum of individual points) 7 434 54(49-59)
Maximum score (a patient <30 y with no 10
hypertension, no diabates, no history of 8 287 67(62-73)
stroke or TIA, nonsmoker, and cortical infarct)
910 180 73(66-79)
Miimum score (a patient 270 y with 0

hypertension, diabetes, prior stroke, current
o cortical infarct)

Abbreviation: RoPE = Risk of Paradoxical Embolism.

Neurology® 2013;81:619-625

Lesion Pattern

FPOMIn POl

P00l

e - -
Corcllasion_ Smal (<15 mm) Small (15 mm)  Large (1S ™M) Cortiorsubcortial Conflent (+15 mm)
feson

plus addiotional lesions

Angiographic findings

~p<0001n
" “ ® o rpONla *
8 u . . W . I 0016
No visible vessel occiusion Intracranial branching Intracranial main Extracranial large
vessel ocelusion vessel occlusion vessel occlusion (Stroke. 2013:44:3350-3356.)

Medical treatment

Surgical treatment

Effect of Medical Treatment in Stroke Patients With Patent
Foramen Ovale
Patent Foramen Ovale in Cryptogenic Stroke Study

Shunichi Homma, MD; Ralph L. Sacco, MD, MS; Marco R. Di Tullio, MD; Robert R. Sciacca, EngSeD:
J.P. Mohr, MD;; for the PFO in Cryptogenic Stroke Study (PICSS) Investigators*

TABLE 3. Two-Year Rates of Recurrent Stroke or Death* in Patients With and
Without PFO Assigned to Warfarin or Aspirin

Hazard Ratio
Warfarin Aspirin (95% Cl) P

Entire PICSS cohort

With PFO (n=203) 16.5% (n=97) 13.2% (n=106) 1.29 (0.63-2.64) 0.49

No PFO (n=398) 13.4% (n=195) 17.4% (n=203) 0.80 (0.49-1.33) 0.40
Cryptogenic cohort

With PFO (n=98) 9.5% (n=42) 17.9% (n=56) 0.52(0.16-1.67) 0.28

No PFO (n=152) 8.3% (n=72) 16.3% (n=80) 0.50 (0.19-1.31) 0.16

*From Kaplan-Meler curves.

(Circulation. 2002;105:2625-2631.)

Surgical treatment

Meta-analysis

CLOSURE RESPECT PC
(N=909) (N=980) (N=414)
. . Cryptogenic stroke,
Inclusion CFYSF;:gﬁ:n'C Cryspétrgaznlc TIA, peripheral
embolism
Device Starflex Amplatzer Amplatzer
Aspirin,
Medical Aspirin, Clopidogrel, Aspirin, Ticlopidine,
Warfarin Aggrenox, Clopidogrel, Warfarin
Warfarin
2 years 8 years 4 RIS
Outcome Death/TIA, Stroke,
TIA/Stroke Death/Stroke peripheral embolism
ITT result Negative Negative Negative

Potentially Large yet Uncertain Benefits

A Meta-analysis of Patent Foramen Ovale Closure Trials

Georgios D. Kitsios, MD, MS, PhD: David E. Thaler, MD, PhD: David M. Kent, MD, MS

(Stroke. 2013:44:2640-2643.)
cuosure 47 000 041-108)

Figure 2. Forest plot for the
meta-analysis of hazards ratios

reseecr S — os0@z2-11y  Of stroke of mechanical closure
vs medical treatment from 3
pe 01400217 randomized clinical clinical
SUMMARY FOR STROKE o 056(020.1.18) trials.
. : 4 | |
t t t t t
001 01 o2 05 ' 2
Closure beter Medical therapy better

CLOSURE |2/ A| device closuret £ 7bs4... |
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Pulmonary AVM

Closure  Medical-Theray PValue P Value for
Subgroup Group Group i Hazard Ratio (95% Cl) I.og-lhnk:zn Interaction L4 ArChIteCture Of AVM
Ll L . Normal Capillary Bed Arteriovenuous Malformation

Ovenall 9/499 (18) 16481 (33) ! = 1049 (022-111) 008
Age : 052

18-45yr 4230 (17) 5210 24) t L] 1 070(0.19-260) 059 Capillaries

46-60yr 5/262(19) 11266 (41) | ow 041(0.14-117) 008 0o
Sex 073

Male 5/268 (19)  10/268 (3.7) e 045 (0.15-131) 013

Female 4B1(L7) 6213 (28) [ - 057 (0.6-202) 038
Shunt size 0.07 N

None, trace, or moderate 7/247 (2.8) 6/244 (2.5) L i 1.03 (0.35-3.08) 095 Vein
| Substantial 2/247 (08)  10/231 (43) | [ . ] 018 (0.04-081) 001 |
Atrial septal aneurysm. T 0.lo

Present 2/180 (I1)  9/169 (53) . T ] 0.19 (0.04-087) ouzl
Index infarct topography 039

Superficial 5/280 (1.8)  12/269 (45) [ ] 037 (0.13-1.04) 005 .

Small deep 2/57 (35) 1770 (L4) [ - 1} 176(0.16-1993) 064 R 9° = Oxygen molecules ~ Neuro.wehealny.org

Other 2/157(13)  3/13922) - 1 056 (0.09-334) 052 o,
Planned medical regimen H H 020

I 413230 312125 i | ] 1 | 1.14(026-5.10) 086
Antiplatelet 5/367 (1.4)  13/359 (3.6) | + - | 0.34(0.12-0.94) 003 = - H"
L E—— —_— ] ® Dilated, tortuous feeding and draining vessels
. A\ ) ” A\} 1 H ”n
ClosureBeter  MediclTherapy Beter ® A “nidus” or “serpiginous” mass of malformed vss

Figure 2. Analysis of the Primary End-Point According to Subgroup, in the Intention-to-Treat Cohort. [ D|m|mshed Oxygen diffusion

Potential heterogeneity of the treatment effect was noted with respect to two baseline characteristics, with a suggestion of greater risk
reductions with closure than with medical therapy alone in patients with an atrial septal aneurysm or a substantial shunt size. The per-
centages are Kaplan-Meier estimates of the event rates. N Engl) Med 2013:368:1092100,

Pulmonary AVM

® Delayed microbubble appearance in LA
- Intracardiac shunt : 11 sec
- Extracardiac shunt : 14 sec

Semin Interven Rad 2011,28:24-31

® Congenital (~90%)
- Hereditary hemorrhagic telangiectasia

® Acquired (~10%) ® Treatment
® Permanent right to left shunt - Surgery
- Hypoxia : Dyspnea, Hypoxemia - Embolization

- Paradoxical embolism : Stroke, TIA, Cerebral abscess

RCVS - Diagnosis

® 524 Ofxp7} 1Y HEE 27| 54
2X28 o 9lgion), 3Y OF F50| HEK|
MR T o4 RET} Sig

Z0| Table 2. Summary of Critical Elements for the Diagnosis of
Reversible Cerebral Vasoconstriction Syndromes*

Transfemoral angiography or indirect CTA or MRA documenting multifocal
E,é._" E] 7| $—| JO'H segmental cerebral artery vasoconstriction -
AH No evidence for aneurysmal subarachnoid hemorrhage

Normal or near-normal cerebrospinal fluid analysis (protein level < 80 mg%,
leukocytes <10 mm?, normal glucose level)

Severe, acute headaches, with or without additional neurologic signs or
symptoms

Reversibility of angiographic abnormalities within 12 weeks after onset. If
death occurs before the follow-up studies are completed, autopsy rules
out such conditions as vasculitis, intracranial atherosclerosis, and
aneurysmal subarachnoid hemorrhage, which can also manifest with
headache and stroke

® 32X O{X}7} Of0|&

K=2
(=
”
S

£ 22 % 6744
Bromocriptine2 8% 3¢ 3 H&

*CTA = computed tomography angiography; MRA = magnctic  resonance

Headache onset 3 month later angiography.
Ann Intern Med. 2007;146:34-44.
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Associated conditions Focal neurologic deficits

Table 1. Conditions Associated with Reversible Cerebral ® Ischemic stroke: 4-54%
Vasoconstriction Syndromes* ® TIAs : <16%

Pregnancy and puerperium (] COI’tlca| SAH . <220/0

Early puerperium, late pregnancy, eclampsia, preeclampsia, and delayed
postpartum eclampsia O ICH : <6%
Exposure to drugs and blood products

propanolamine, pseudoep! tartrate, ® SDH : Extremely rare
bromocryptine, lisuride, selective serotonin reuptake inhibitors,
sumatriptan, isometheptine, cocaine, ecstasy, amphetamine derivatives,
marijuana, lysergic acid diethylamide, tacrolimus (FK-506),

€ immune globulin, and : H .
Rl L o ® Posterior reversible encephalopathy syndrome :
Miscellaneous - 0,
Hypercalcemia, porphyria, pheochromocytoma, bronchial carcinoid tumor, 9 14 /0
unruptured saccular cerebral aneurysm, head trauma, spinal subdural H . 0,
hematoma, postcarotid endarterectomy, and neurosurgical procedures L4 Selzure . 2 1 /O

Idiopathic
No identifiable precipitating factor
Associated with headache disorders, such as migraine, primary
thunderclap headache, benign exertional headache, benign sexual
headache, and primary cough headache

*Adapted from reference 1: Singhal AB, Bernstein RA. Postparcum angiopathy
and other cerebral vasoconstriction syndromes. Neurocrit Care. 2005:3:91-7.

Treatment

RCVS - typical image

® No evidence
® Often self limited

® Avoid of triggers and withdrawal of secondary
causes
® Analgesics
Symmetric
watershed infarcts ® BP n:‘anagement
® Calcium channel blockers
- Oral nimodipine 30-60mg every 4 hours
- Continuous IV nimodipine (0.5-2mg/h)
- Other CCBs: nicardipine, verapamil

‘beading’, ‘sausage-on-a-string’
Mimics cerebral vasculitis

@ Steroid are not recommended!!

Take home message
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