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Case-Based Learning: Stroke

Case Presentation #1 \ §

Case #1
= Evaluation and treatment of embolic stroke with

undetermined source

Case #2
= Evaluation and treatment for patients with antiphospholipid

antibody syndrome

Case #3
= Perfusion Imaging based thrombolysis and mechanical

thrombectomy
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She had no history of hypertension, diabetes, or cancer
N/E

= Right hemiparesis Grade Il

= Global aphasia

= Right facial palsy

» NIHSS score 17

Case Presentation #1

Case Presentation #1

Brain MRI/A (initial)

= Acute infarction in left lateral medullary.

= No significant steno-occlusive lesion or aneurysm.

Brain MRI/A (HD #5)

= Newly seen, acute infarction in left basal ganglia.

= Occlusion of mid-M1 segment of left MCA.
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Stroke

Case Presentation #1

Evaluation for Cryptogenic Stroke
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Mechanical thrombectomy

Mechanical thrombectomy with Trevo device was done, resulting in

successful recanalization.
Recanalization of proximal M1 segment of left MCA.

NIHSS score 17 -> 1

Ischemic stroke or TIA
History
Physical examination

Standard Evaluation

l l | |

Stroke topography | [Vessels Cardiac — structure || Cardiac — rhythm Hematologic testing.
MRI of the brain MRA of the head and TTE 12-Lead ECG Complete blood count
CT of the br: neck TEE Inpatient cardiac Platelet count

CTA of the head and telemetry INR
nec) 24-Hr Holter monitor | | Partial-thromboplastin
Carotid duplex ultra- time
sonography and
transcranial Doppler| ’
ultrasonography

NEJM 2016

Case Presentation #1
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ESUS International Working Group
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Evaluation for embolic sources
= EKG
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= 24hr holter monitoring: Some PACs, isolated

= TTE: Diastolic dysfunction, Gr 1

Necessary diagnostic assessment
= Embolic stroke of undetermined source (ESUS)
= Brain CT or MRI showing non-lacunar infarct

Precordial echocardiography
ECG and cardiac monitoring for 224 h
Imaging of the extracranial and intracranial arteries
supplying the area of the brain infarct

= Cryptogenic ischemic stroke

Not specified

Lancet 2014
Med Clin 2018

Potential causes of ESUS/Cryptogenic Stroke
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ESUS.
(Embolic Stroke of Undetermined Source)
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Covert .
s Paradoxical Cancer Arteriogenic

cordiconwotia| | hessysmnal embolism associated mboli

« Myxomatous mitral vaive Non-bacterial Cerebral artery

with prolapse FalGEcEmen thrombotic non-stenotic
« Mital valve calcfication endocarditis uicerated plaque|
«Aortic vawe stenosis Tumor emboli
Pulmonary AV Aortic arch
« Calcic aortcvalve fistula from ocoul; plaques
cancer

« Atial asystole and
sick-sinus syndrome
Avial septal

f—{ = Atral high-rate non-AF b

« Atrial appendage stasis

«Atrial soptal anourysm
« Chiari network

« Moderate systoic or

diastolic dystunction
«Ventricular non-compaction
« Endomyocardial fbrosis

The Cryptogenic Stroke/
ESUS International Working Group

Lancet 2014
The Neurologist 2017

Evaluation for Cryptogenic Stroke
after standard evaluation

[Hematologic testing
Arterial hyperco-
agulability tests
(all patients)
Venous hyperco-
agulability tests
(if right-to-left shunt)

Advanced Evaluation

Vessels
Catheter angioplasty
Transcranial Doppler
monitoring for
emboli
Vasculitis tests

Stroke considered to be cryptogenic
after advanced evaluation

Cardiac — rhythm

Prolonged (2-4 wk)

outpatient cardiac
telemetry

Specialized Evaluation

Genetic testing Vessels Cardiac — structure || Cardiac — rhythm Hematologic testing
d Detailed Cardiac Prolonged (1-3 yr) Workup for occult
CADASIL, Fabry's evaluation Cardiac MRI outpatient loop cancer
disease, other CSF examination recording
genetic causes Brain biopsy

NEJM 2016
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Case Presentation #1

Case Presentation #1

Evaluation for embolic sources
= FDP 27.1 ug/ml, D-dimer 9.28 mg/L
= TCD bubble test: positive HITs

Evaluation for embolic sources
= TEE: No definite evidence of PFO or atrial septal aneurysm

= Leg CTA: No definite evidence of DVT in this study
= Chest CTA: No evidence of PTE

Case Presentation #1

Case Presentation #1
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= Aspirin, Clopidogrel, Statin
N/E
= Right hemiparesis Grade Il
= Global aphasia
= Right facial palsy
= NIHSS score 12

Brain MRI/A

= Acute infarction in left posterolateral basal ganglia and insular lobe.

= Occlusion of mid-M1 segment of left MCA.

Case Presentation #1

Case Presentation #1

Intravenous thrombolysis

= Recanalization of proximal M1 segment of left MCA.

= NIHSS score 12 ->0

= No remarkable change of pulmonary AVM.
TEE: No PFO / Leg CTA: No DVT / Chest CTA: No PTE / 24hr holter: No AF
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= Aspirin, Cilostazol, Statin
N/E
= Right hypesthesia
= Right hemiparesis Grade IV
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Stroke

Case Presentation #1

Case Presentation #1

Brain MRI

= Acute infarction in left thalamus.

= No evidence of aneurysm or significant steno-occlusive lesion.

TCD bubble test
= Multiple HITs, Grade V
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Case Presentation #1

Case Presentation #1

Treatment plan

= Coil embolization of pulmonary AVM

Vs

Computed tomography imaging confirming
complete closure of the anomaly by the
vascular plug (arrow).

without remnant nidus, mRS 0
JACC: Cardiovascular Intervention 2013

= Antiplatelet vs Anticoagulant
In general, coils are associated with a 20% recanalization rate and 5% for

vascular plugs.
The International Journal of Cardiovascular Imaging 2019

Anticoagulants vs. Antiplatelets

The majority of ischaemic strokes in patients with PAVM are treated with antiplatelet
agents, which are generally tolerated well.

Antiplatelet agents are currently used selectively based on symptoms and previous
history of TIA or ischaemic stroke.

Anticoagulants are rarely required for prevention of strokes due to PAVMs but may

be required if there is concurrent atrial fibrillation or VTE.
Thorax 2017

Medical treatment vs. Embolization

Endovascular embolization of the feeding artery can prevent the complications
associated with PAVMs.

The procedure is minimally invasive, associated with minimum morbidity and high
success rates.
With the ad
materials, recanalization rates of PAVMSs are expected to decrease.

The International Journal of Cardiovascular Imaging 2019

1ents in the development of newer techniques and embolization

Case-Based Learning: Stroke

Case Presentation #2

Case #1

= Evaluation and treatment of embolic stroke with undetermined

source

Case #2

= Evaluation and treatment for patients with antiphospholipid
antibody syndrome

Case #3
= Perfusion Imaging based thrombolysis and mechanical

thrombectomy
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N/E

= Right hemiparesis Grade IV

= Dysarthria

= Right facial palsy

» NIHSS score 4
Acute treatment

= Contraindication for rTPA
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Case Presentation #2

Case Presentation #2

Brain MRI

= Acute infarction in left corona radiata.

= Chronic hemorrhagic cavity in right basal ganglia.

Brain MRI

= Acute infarction in left corona radiata.

= Chronic hemorrhagic cavity in right basal ganglia.

Case Presentation #2

Case Presentation #2

Evaluation for risk factors
Anti cardiolipin Ab: Positive(47.7) GPL-U/mL

Anti Phospholipid Ab: Positive(41.6) GPL-IU/mL
B2-glycoprotein-1 IgG: Positive(43.2) U/mL

Hb A1c 8.6 %

Follow up after 12 weeks
= Anti cardiolipin Ab: Positive(44.2) GPL-U/mL
= Anti Phospholipid Ab: Positive(43.7) GPL-IU/mL
= B2-glycoprotein-1 IgG: Positive(42.5) U/mL

Treatment plan?

= Anticoagulants vs. Antiplatelets

Current AHA guideline
For patients with ischemic stroke or TIA who have an antiphospholipid antibody but
who do not fuffill the criteria for antiphospholipid antibody syndrome, antiplatelet

therapy is recommended (Class I; Level of Evidence B).

For patients with ischemic stroke or TIA who meet the criteria for the
antiphospholipid antibody syndrome but in whom anticoagulation is not begun,
antiplatelet therapy is indicated (Class I; Level of Evidence A).

For patients with ischemic stroke or TIA who meet the criteria for the APS,
anticoagulant therapy might be considered depending on the perception of risk for
recurrent thrombotic events and bleeding (Class llb; Level of Evidence C).

Stroke 2014
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Case Presentation #2
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Case Presentation #2
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N/E

= Right hemiparesis Grade Il

= Dysarthria

= Right facial palsy

» NIHSS score2 > 6
Acute treatment

= Contraindication for rTPA

Brain MRI/A

= Acute infarction in left ventral pons.

= No significant steno-occlusive lesion or aneurysm.
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Stroke

, )
‘Manon-

= Acute infarction in left ventral pons.

= Diffuse brain atrophy with mild ventriculomegaly.

= Chronic small vessel ischemic disease.

A initial pathogenesis

byBcells

B Continued pathogenesis

Activation of inflammatory cels
and endothelal cells:

Antiphospholipid
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Endothelial cel

Promotion of Inteference with trophoblasts
coagulation and decidual cols

D Through multiple mechanisms,
antiphospholipid-antibody activity resuls n:
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Vasculopathy
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NEJM 2018
Case Presentation #2 e
7, o« eraton of nonapL ,mhm
Less common: severe (platelet count, <20,000 per mm’), with or without ELISA The aCL and anti- n cw antibodies ugc 1gM, or uAn e most common| \y
.
Cardiac b B -
roximal or middle portion of the leaflet, or irregular nodules on the toderate risk moderate-risk profile is defined as a negative LA test with a moderate-to-
atrial face of the edge of the mitral valve, the vascular face of the aor- M A wmmf;ngw,‘,c,,,xc;w £ e
tic valve, or both) . -
Cognitive dysfunction (in the absence of stroke) R . = e !  hrica o
Subcortical white-matter changes. & propaced aPLtestemice by klchon
NEibia NEibia

Treatment for antiphospholipid antibody syndrome N
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Case-Based Learning:

Stroke
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NEJM review

= Low-dose aspirin (<100 mg per day)
Primary thrombosis prevention, if indicated, based on guidelines for
cardiovascular disease prevention in the general population; secondary arterial
thrombosis prevention, if patient has other risk factors for cardiovascular disease;
prevention of pregnancy complications in pregnant patients with obstetrical or
thrombotic APS or both; potential add-on treatment for recurrent thrombosis
despite therapeutic-dose anticoagulant therapy

= Warfarin
Secondary thrombosis prevention (INR, 2—-3); target INR of 3—4 is a possible
strategy for recurrent thrombosis despite therapeutic dose anticoagulant therapy

= Statins
Potential add-on treatment for recurrent thrombosis despite therapeutic-dose
anticoagulant therapy

NEJM 2018

Case #1

= Evaluation and treatment of embolic stroke with undetermined

source

Case #2

= Evaluation and treatment for patients with antiphospholipid

antibody syndrome

Case #3

= Perfusion Imaging based thrombolysis and mechanical

thrombectomy
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Case Presentation #3

Case Presentation #3
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Xt Brain MRI/A
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= Right hemiparesis Grade Il

= Global aphasia

= Right facial palsy

» NIHSS score 12

= Acute left superior divisional MCA territorial infarction

Acute treatment
= No visible flow-related enhancement in both ICAs, both MCAs and

= Contraindication for rTPA
both proximal ACAs.

Case Presentation #3 Case Presentation #3

Treatment plan?

Perfusion MRI ”
= Conservative management vs Endovascular treatment

3.7. Mechanical (Continued) COR LOE New, Revised, or Unchanged

7.1 selected patients with AIS within 6 to 16 hours of last known New recommendation.
normal who have LVO in the anterior circulation and meet other DAWN i
or DEFUSE 3 eligibility criteria, mechanical thrombectomy is
recommended.

8.1n selected patients with AIS within 16 to 24 hours of last known New recommendation.
normal who have LV in the anterior circulation and meet other lla
DAWN eligibility criteria, mechanical thrombectomy is reasonable.

‘The DAWN trial used clinical imaging mismatch (a combination of NIHSS score and imaging findings on CTP | See Table XXilin online Data Supplement 1
or DW-MRI) as eligibiity criteria to select patients with large anterior circulation vessel occlusion for treatment
with mechanical thrombectomy between 6 and 24 hours from last known normal. This trial demonstrated

an overall benefit in function outcome at 90 days in the treatment group (mRS score 0-2, 49% versus 13%;
adjusted difference, 33%; 95% CI, 21—44; posterior probability of superiority >0.999).1% In DAWN, there were
few strokes with witnessed onset (12%).The DEFUSE 3 trial used perfusion-core mismatch and maximum
core size as imaging criteria to select patients with large anterior circulation occlusion 6 to 16 hours from

last seen well for mechanical thrombectomy. This trial showed a benefit in functional outcome at 90 days in
the treated group (MRS score 0-2, 44.6% versus 16.7%; RR, 2.67; 95% Cl, 1.60-4.48; P<0.0001)." Benefit
was independently demonstrated for the subgroup of patients who met DAWN eligibiity criteria and for the
subgroup who did not. DAWN and DEFUSE 3 are the only RCTs showing benefit of mechanical thirombectomy

= Delayed MTT in both MCA territories (left>right), and perfusion >6 hours from onset. Therefore, only the elgibilty critria from one or the other of these trials should be used
. ) for patient selection. Although future RCTs may demonstrate that additional eligibility criteria can be used to
defect in left fontal and insular lobes. select patients who benefit from mechanical thrombectomy, at this time, the DAWN or DEFUSE-3 eligibilty
Stroke 2018

should be strictly adhered to in clinical practice.

Case Presentation #3

Case Presentation #3

2

DAWN Trial (6~24 hours)

= Group A were 80 years of age or older, had a score of 10 or higher on the gd‘iﬁﬁi%@Qé&
NIHSS, and had an infarct volume of less than 21 ml; lgs B pbb;;;b;;;
‘ ¥

Group B were younger than 80 years of age, had a score of 10 or higher

on the NIHSS, and had an infarct volume of less than 31 ml;

Group C were younger than 80 years of age, had a score of 20 or higher 4i‘ad¢a§eqaé
on the NIHSS, and had an infarct volume of 31 to less than 51 ml. = B
NEJM 2017 *bbpbb@bab;@

DEFUSE 3 Trial (6~16 hours)
= Patients were eligible if they had an initial infarct volume (ischemic core) A p ry
of less than 70 ml, a ratio of volume of ischemic tissue to initial infarct addqa&qgeqaé ’ 3
volume of 1.8 or more, and an absolute volume of potentially reversible 'ﬂ Y B T ——
ischemia (penumbra) of 15 ml or more. i& bbibggppy;@ y NEJM 2018

NEJM 2018
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Stroke

Case Presentation #3

Case Presentation #3

Brain MRI/A

= Acute left superior divisional MCA territorial infarction

= No visible flow-related enhancement in both ICAs, both MCAs and

both proximal ACAs.

Endovascular treatment

i

= Mechanical thrombectomy was done for intracranial occlusion at distal M1
segment of left MCA, resulting in successful intracranial recanalization.
= Balloon angioplasty and stent implantation were done for occlusion in

proximal cervical segment of left ICA, resulting in successful recanalization.

Case Presentation #3

EVT in Patients With Large Ischemic Cores
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f/u Brain MRI & CTA (HD #5)

= Right hemiparesis Grade lIl, Global aphasia (NIHSS score 12, mRS 4)

> E|A| Right hemiparesis Grade IV, Aphasia (-) (NIHSS score 4, mRS 2)
» 3742 : Right hemiparesis Grade IV+ (NIHSS score 2, mRS 1)

Figure 1. Flowchart of inthe Oj Patient’s Selection for

Treatment in Acute Ischemic Stroke (SELECT) Study,
Patients With Large Cores, and Distribution Based on Treatment and Imaging Profile

445 Were enrolled

84 Excluded
54 Did not pass screening
20 Had technically inadequate perfusion imaging
6 Had distal clot migration
3 Had incomplete occlusion
« 1 Had computed tomographic angiography motion abnormality

up to 24 hours

256 Did not meet the inclusion criteria with CT with ASPECTS 26 and CTP.
with a volume with a relative cerebral bloodflow <30% of <50 cm?

105 Had CT with ASPECTS <6 or CTP with a volume with regional cerebral bloodflow <30% of 250 cm*

31 Had a large core on CT only 40 Had a large core on CT and CTP

34 Had a large core on CTP only

9 Had medical
management only

23 Had endovascular 8 Had medical 14 Had endovascular | | 26 Had medical 25 Had endovascular

The number he
Early CT Score: CT,

< ipate. ASPECTS indicat .
perfusion (imaging).

and CTP,

JAMA Neurology 2019
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Figure 2. Ninety-Day Modified Rankin Scale Score Distribution in Patients Treated With Endovascular
Thrombectomy vs Medical Management Only

Modified Rankin score

He [@: W: W3 W+ Os Me
Thrombectomy (n=62) 24 [ 6] 29 |
Medical management (n=43) \ 12 ‘ 2 ‘
O 60 70 s 9% 100

Patients, %

_Table 2. Clinical and Radiographic Outcomes of the Cohort

Based on Treatment Received

Patients, No. (%)

Endovascular Medical
Thrombectomy Management
Characteristic = Only(n=43)  PValue
Final infarct volume, 97 (43-189) 190 (127-252) 001"
median (IQR), cm*
44.(1-108) 98 (63-149) 006"

Infarct growth, median
), cm? JAMA Neurology 2019

Figure 3. Association of Time and Stroke Size With Thrombectomy Outcomes in Patients With Large Core on Computed Tomographic
and Computed Tomographic Perfusion Images

[&] Association of core volume and time with the probability of a good outcome [B] Association of time with
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Thrombolysis Guided by Perfusion Imaging
up to 9 Hours after Onset of Stroke

= Patients were eligible for inclusion
= Perfusion lesion-ischemic core mismatch was defined as a ratio greater

than 1.2 between the volume of hypoperfusion and the volume of the
ischemic core, an absolute difference in volume greater than 10 ml, and

an ischemic-core volume of less than 70 ml.
Score on Modified Rankin Scale
0 "1 W2 W3 W4 W5 M6
Alteplase | 12 23 14 13 13 12 12
(N=113) | (N=14)  (N=26)  (N=16) OO INOE OO
Placebo| 11 19 13 14 21 3o
(N=112) (N=12) (N=21) (N=15) (D) (N=24)  (N=14) (N=10)
k T T T 1
0 20 40 60 80 100
Percentage of Patients
Figure 1. Scores on the Modified Rankin Scale at 90 Days. NEJM 2019
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