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Cardioembolic sources and embolic risk

Ferro Lancet Neurology 2003; 2: 177-88; Kelly et al South Med J 2003;96: 343
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Transthoracic Echocardiography
in Acute Ischemic Stroke Patients

de Abreu et al. Stroke. 2005;36:1565-1566

Findings No. (%)

No findings suggesting need of anticoagulation 273 (62.8)
Dilated cardiopathy 83(19.1)
Anterior wall dyskinesis 27 (6.2)

Left ventricle ejection fraction <<35% 16 (3.7)
Mitral valve stenosis with left atria =55 mm 9(2.1)
Intracardiac masses 2 (0.5)

Valve prosthesis 1(0.2)

Mitral valve stenosis with left atria 7(1.6)
=55 mm+dilated cardiopathy

Dilated cardiopathy +anterior wall dyskinesis 9(2.1)
Dilated cardiopathy +left ventricle ejection fraction 8(1.8)
Total 435 (100.1)




Carotid artery
stenosis not

detected due
Overlap among to incomplete
° . evaluation
High-risk Cryptogenic stroke -
cryptogenlc cardiac source ryp g
not detected
StrOke, ESUS, dueto Nonstenosing
. incomplete atherosclerosis
- evaluation not detected
and cardlo by standard
° evaluations
embolic stroke.
Kamel and Healey
Circ Res.
2017;120:514-526
Cardioembolic Embolic stroke of
.. an imperfect but stroke undetermined source
substantial overlap. /
Thrombogenic
. atrial substrate
Cryptogenic stroke can be Typical clinical and in the sheence of
used to refer to a stroke neurcimaging profile, atrial fibrillation Paroxysmal
. . high-risk cardiac atrial fibrillation
with lncomplete source, and absence lastin
‘ asting only
evaluation: if cryptogenic [ENETETIEEIGHE minutes per day

stroke is stringently
defined, it essentially

equals ESUS.



Distribution of Potential Etiologies of ESUS in the
Athens Stroke Registry

Ntaios et al Stroke 2015;46:176-81.
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Number of
atherosclerotic
risk factors and

frequency of
comorbid
atherosclerotic
disease in different i
stroke/TIA £

subtypes:
0). 47,016

Li et al Lancet 2015

Cryptogenic group had fewer risk
factors overall than the large artery
disease (p<<0-0001), small vessel
disease (p=0-001), and
cardioembolic (p=0-008) groups




10-year absolute
risks of acute

coronary events,
cardioembolic
events, and
recurrent
ischaemic stroke:

OXVASC

Li et al Lancet 2015

Patients with cryptogenic events
had a lower risk of acute coronary
events than large artery disease
events (aHR 0-40, 95% CI 0-24—
0-66; p=0-0003) and a similar risk
to non-large artery disease events
(0-76, 0-49—1-18; p=0-22)




Prevalence and
Overlap of Potential
Embolic Sources in

| Probability

Patients With s ] —— up to one embolic source

—— two embolic sources

EmbOlic StrOke Of > ] —— at least three embolic sources
Undetermined Source

Survi

Ntaios et al
J Am Heart Assoc 2019;8:e012858.

—— Atrial Fibrillation

—— Atrial Cardiopathy

—— Arterial Disease

—— Left Ventricular Disease
Cardiac Valvular Disease

Ten-year survival estimates of
stroke recurrence in patients with

embolic stroke of undetermined | TR
source, according to each potential
embolic source (PES; top) and the
number of PES per patient
(bottom).
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2-Year Age-Adjusted Incidence
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Contribution of AF to Incidence and Outcome of

Ischemic Stroke Population-Based L’Aquila Study
Marini et al Stroke 2005;36(6):1115-9.

Kaplan—Meier estimates of the 10

likelihood of recurrent stroke in
patients with and without AF
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Atrial fibrillation and thrombosis:

immunohistochemical differences between in situ

and embolized thrombi
Wysokinski et al J Thromb Haemost. 2004,;2(9):1637-44.
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Amorphous  Fibrin(ogen)-rich  Platelet-rich

As fibrin 1s the major component of atrial thrombi (mean
68% in 22 thrombi) in AF pathophysiologic basis

for why anticoagulation reduces thromboembolism in AF.

Thrombi from 22 patients
with AF :

In atrial thrombi [black
circles], fibrin-rich regions

predominated (P<0.0001).

The platelet content of
embolized thrombi [white
circles] was nearly twice
that of AF atrial thrombi
(P=0.02).

‘Atrial thrombi in situ
contain primarily
fibrin and amorphous
debris whereas
embolized thrombi are
comprised primarily of
fibrin and platelets.’




Virchow’s triad and AF......

Lip Lancet 1995; 346 1313-14 Structural

—_ Mitral
VRS valve

prolapsc

abnormalities of vessel wall I ?
(endothelial dysfunction or damage)

calcification

Stasis

abnormalities
of blood flow abnormalities of

(rheology, blood constituents
- viscosity and (abnormal haemostatic
. flow reserve) factors, platelet activation
and fibrinolysis)

......AF confers a prothrombotic or hypercoagulable state.




Clinical Factors

ﬂ Age
Sex
Hypertension

H Diabetes

Vascular disease

Structural
heart disease

/ Inflammation

Atrial dilation ~A Thrombosis

Atrial fibrosis

Electrical

Oxidative stress

abnormalities

Biomarker Stroke/systemic Mortality Major
embolism bleeding

Tho}nas and Cardiac biomarkers

L . Troponin +++ +++ +++
Ip. NT-proBNP F++ -+ +
Cl’],.c ReS Renal dysfunction 4+ e o

Inflammation biomarkers

20] 7,’ CRP
120:133-149 e

GDF-15
Galectin-3

n
——
4
+

Endothelial function
vWF
Coagulation
D-dimer

_l’_

-

prothrombotic
state in AF

Khan and Lip
Cardiovasc Res 2019;
115, 3145

Platelet activation
4 B-thromboglobulin ) ) Wall motion abnormalities

Atrium

4 D-Dimer * Myocyte hypertrophy
4 Prothrombin 1 and 2 » Sclerosis
4 Thrombin-antithrombin complex « Fibroelastosis

Coagulation cascade activation Atrial tissue changes:

Adapted from Hijazi et al."”®
+, outcomes in analysis unadjusted; 4+, adjusted for clinical risk factors; +++,
adjusted for clinical risk factors and other biomarkers.

Haemoconcentration
* Haematocrit

Blood stasis

Re-entry
AF foci
formation

« Extracellular matrix disruption
Inflammation

4 VWF interleukin 6




Altered fibrin clot structure in AF

and worsening renal function.
Lau ... Lip. Thromb Haemost. 2016 ;116(3):408-9.
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Figure 2: SEM of fibrin clots, CKD 1 vs CKD 4
(20,000x magnification). Fibrin clot in CKD 1
(Top) and Fibrin clot in CKD 4 (Bottom) at 20000x

SEM of fibrin clots in worsening CKD (5,000x magnification, demonstrating increased fibre di-
magnification) ameter with worst renal function.
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Biomarkers in atrial
fibrillation: a clinical

reviecw
Hijazi et al Eur Heart J 2013

Various biomarkers have been used to aid
risk stratification in AF ..
- D-dimer, vW{, BNP, CRP, troponin, etc

0.07 5 >0.040 pg/L
0.020-0.039 pg/L
0.06 - 0.010-0.019 pg/L
<0.010 pg/L

0.05 1
0.04 1
0.03

0.02 1

Cumulative hazard rate

0.01 1

0.00
0
Numbers at Risk
<0.010 pg/L 2663
0.010-0.019 pg/L. 2006
0.020-0.039 pg/L 1023
>0.040 pg/L 497

Atrial
dilatation

Natriuretic
peptides

Ectopic
foci

. . . Atrial fibrosis
Impaired cardiac function .
Markers of inflammation

Natriuretic peptides
IL-6, CRP

Prothromb
otic state

Markers of
coagulation

D-dimer

Cumulative hazard rates for stroke or
systemic embolism, according to
Troponin I levels at randomization in an
anticoagulated cohort from RE-LY trial

Hijazi et al Circulation 2012;125:1605-16.




The novel biomarker-based ABC (age, biomarkers, clinical @ ® Lancet. 2016 Jun
history)-bleeding risk score for patients with atrial f 4:387(10035):
fibrillation: a derivation and validation study 2302-2311.

Ziad Mijazi, Jonas O\dgren, jofian Lindback, jofin M Alexander, Stuart | Connolly, John W Ekelbcom, Michae! O Ezekowitz, Cloes Held, Elaine M Hylex,
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Figure. Heatmap of biomarkers associated with all-cause mor-
tality (FDR-qg <0.05) are also associated with other concomitant
fatal and non-fatal cardiovascular outcomes, including atheroscle-
rotic CVD, heart failure, and CVD death. ASCVD indicates
atherosclerotic cardiovascular disease; CVD, cardiovascular dis-
ease; FDR, false discovery rate; HF, heart failure; HR, hazard ratio.




ISCHAEMIC STROKE MAJOR BLEEDING

Refining Stroke and
Bleeding Prediction in
AF by Adding
Consecutive Biomarkers — e s

s +]1 biomarker y we= +]1 biomarker
we= +2 biomarkers s +2 biomarkers

9 9 O 2 4 === +3 biomarkers s +3 biomarkers

tO lnlc a ls CO res +4 biomarkers - +4 biomarkers
{ s +5 biomarkers we= +5 biomarkers

+6 biomarkers Y, +6 biomarkers

Rivera-Caravaca .. Lip, Roldan. T A N "
Stroke 2019 L Specigin e

biomarkers, the predictive

Sensitivity
=

)

1

Sensitivity

[=]
£
1

C Index 95% CI ZScore* | PValug* | IDI, % 959% Cl PValue 95% Cl PValue abﬂity of CH A,DSz-VASC
isehemic stroke for ischemic stroke was not

CHA,DS,-VASc 0.589-0.652 .
+1 biomarker 0.602-0.655 0.00/4.40 -13.20/19.00 lncreased’ Whereas the

+2 biomarkers 0.606-0.669 0.10/5.30 ~16.10/13.70 predictive ability of HAS-
+3 biomarkers 0.610-0.672 0.70/5.30 ~16.60/16.10 BLED for maj or b]eeding

4 bi ki 0.607-0.670 0.60/5.50 -14.10/15.30 3
4 omarers was only slightly enhanced.
+5 biomarkers 0.608-0.670 0.01/6.20 —-17.40/17.60

+6 biomarkers 0.608-0.670 0.30/6.20 -10.90/16.70 -
Major bleeding The net benefit and clinical

HAS-BLED 0.561-0625 | ... usefulness of the biomarker-
+1 biomarkers 0.605-0.667 0.90/7.80 3.80/32.60 based models were marginal
+3 biomarkers 0.607-0.669 1.90/8.90 1.40/32.50 A0 'C(.)mparlson to the

+4 biomarkers 0.606-0.669 1.60/8.70 3.00/33.70 or1 glnal scores based on

+5 biomarkers 0.604-0.666 1.90/8.80 4.80/32.70 clinical factors.
+6 biomarkers 0.604-0.666 1.90/9.20 0.40/34.20

+2 biomarkers 0.607-0.669 1.00/8.80 0.20/32.90




2-Year Age-Adjusted Incidence
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Risk factor

B Absent

B Present

18

HBP CHD CHF AF
(3.4) (2.4) (4.3) (4.8)




Kaplan—Meier estimate of the cumulative

stroke rate among patients in the SAVE trial
Loh et al N Engl J Med 1997,336:251-257.

Over 5 years, the rate of

stroke was 1.5%/year.

LV function, older age, and
LVEF < 28% non-use of aspirin and/or
anticoagulants were
independent risk factors for
thromboembolism.
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LVEF 29-35%
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For each 5% decrease in EF,
there was an 18% increase in
stroke rate.

LVEF >35%

Patients with EF <28% had a
5-year cumulative stroke risk
Follow-up (months) of 8.1% [vs 4.1% for those
with EF >35%]




OAC versus
antiplatelet or
placebo in
patients with
heart failure
and sinus
rhythm:
Systematic
review and

meta-analysis

Ntaios .. Lip
Int J Stroke. 2019 Dec;
14(9):856-861

OAC vs antiplatelet or

placebo for stroke (top) and
major bleeding (botton)

Control
Events Total

Oral anticoagulation

Study or Subgroup Events Total

Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI|

Odds Ratio

1.1.1 VKA

HELAS 2 92 3 105
WARCEF 1142 57 1163
WASH 0 189 4 190
WATCH 3 540 24 1047
Subtotal (95% Cl) 1963 2505
Total events 39 88
Heterogeneity: Tau*= 0.04, Chi*=3.32, df=3 (P=0.34), F=10%
Test for overall effect: Z= 2.69 (P = 0.007)

1.1.2NOAC

COMMANDER HF 51 2507
Subtotal (95% CI) 2507
Total events 51 76
Heterogeneity: Not applicable

Test for overall effect. Z=2.21 (P=0.03)

2515

Total (95% ClI) 4470

Total events a0 164
Heterogeneity: Tau®= 0.00; Chi*= 4.01, df=4 (P = 0.40), F= 0%
Test for overall effect: Z= 3.76 (P = 0.0002)

Test for subaroup differences: Not applicable

Oral anticoagulation Control

Study or Subgroup Events Total Events Total

5020 100.0°

2.2%
37.6%
0.8%

4.9%
45.5%

76 2515 545%
54.5%

_

Weight M-H, Random, 95% CI

0.76 (012, 4.62)
0.60[0.39, 0.92]
0.11[0.01, 2.09]
0.24 [0.07,0.79]
0.50 [0.30, 0.83]

-

4

0.67 [0.47, 0.95]
0.67 [0.47, 0.95]

0.60 [0.46, 0.78]

0005 0.1 10 200
Favours experimental Favours control

Odds Ratio
M-H, Random, 95% CI

Odds Ratio

1.4.1 VKA

HELAS 7 92 0
WARCEF 66 1142 31 1163
WASH 4 189 1 190
WATCH 28 540 30 1047
Subtotal (95% CI) 1963 2505
Total events 105 62
Heterogeneity: Tau*= 0.00; Chi*= 289, df=3 (P=0.41), F=0%
Test for overall effect: Z= 4.61 (P < 0.00001)

105

1.4.2 NOAC

COMMANDER HF 82 2507
Subtotal (95% CI) 2507
Total events 82 50
Heterogeneity: Not applicable

Test for overall effect: Z= 2.81 (P = 0.005)

50 2515
2515

Total (95% Cl) 4470

Total events 187 112
Heterogeneity. Tau*= 0.00; Chi*= 3.98, df= 4 (P=0.41); F= 0%
Test for overall effect: Z=5.29 (P < 0.00001)

Test for subaroup differences: Not applicable

0.7%
30.9%
1.2%
21.1%
53.9%

46.1%
46.1%

5020 100.0%

18.51 [1.04, 328.69)
2.24 [1.45, 3.46)
4.09 [0.45, 36.91]
1.85[1.10,3.14)
217 [1.56, 3.01]

-

¢

1.67[1.17,2.38)
1.67 [1.17, 2.38])

1.92[1.51, 2.45)

0005 0.1 10 200
Favours experimental Favours control




2-Year Age-Adjusted Incidence
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Risk factor
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B Present
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Stroke after Myocardial Infarction:
A Meta-AnalysSis wir et al am J Med 2006: 119, 354.¢1-354.¢9

In-hospital
Komrad
Longstreth
Nakaoka
Puletti
Spencer
Thompson
Wienbergen
Angeja
Becker
Behar
O’Neill

30 days
Brodie
Pullicino
Mooe

1 year
Heller

Ng
Summary estimates (fixed effects)
In-hospital
30 days

1 year
Summary estimates (model)
In-hospital

0 50 75
() MAYE CLIRIC Stroke rate/1000




The Clopidogrel for High Atherothrombotic
Risk and Ischemic Stabilization, Management, and Avoidance

(CHARISMA) N Engl J Med 2006354

Clopidogrel 75mg and Aspirin (75=162mg)
vs Aspirin Alone for the Prevention of Atherothrombotic Events

Clopidogrel Placebo

plus Aspirin plus Aspirin Relative Risk
End Point (N=7802) (N=78301) (95% Cl)* P Value

no. (%)

Myocardial infarction (nonfatal) 147 (1.9) 159 (2.0) 0.92 (0.74-1.16) 0.48
Ischemic stroke (nonfatal) 132 (1.7) 160 (2.1) 0.82 (0.66—1.04) 0.10
Stroke (nonfatal) 149 (1.9) 185 (2.4) 0.80 (0.65-0.997)  0.05
Safety end points .
Severe bleeding 130 (1.7) 104 (1.3) 1.25 (0.97-1.61) 0.09
Fatal bleeding 26 (0.3) 17 (0.2) 1.53 (0.83-2.82) 0.17
Primary intracranial hemorrhage 26 (0.3) 27 (0.3) 0.96 (0.56—1.65) 0.89
Moderate bleeding 164 (2.1) 101 (1.3) 1.62 (1.27-2.10) <0.001

Months CLU.//T0UYY6, ' — U.U40).

No. at Risk
Clopidogrel 7802 7653 7510 7363 5299 2770

Placebo 7801 7644 7482 7316 5212 2753




Diagnostic Evaluation of Ischemic Stroke to

Determine Stroke Mechanism
Yaghi et al Circ Res. 2017;120:527-540

Diagnostic Test Suggested Algorithm

Brain imaging Brain MRI in patients with cryptogenic stroke
Brain CT when stroke mechanism is known

Vascular imaging Intracranial and extracranial vascular imaging on all patients with ischemic stroke
MRA with fat-suppressed images when clinical suspicion for cervical artery dissection

Cardiac imaging TTE on all patients with ischemic stroke to look for evidence of cardiac disease (evidence of prior myocardial infarction
warranting ischemic cardiac evaluation or systolic heart failure)

TEE with bubble study on patients <50 y old to look for cardiac shunts/cardiac tumors if TEE was nonrevealing
Cardiac monitoring Thirty-day noninvasive cardiac monitoring on patients with cryptogenic stroke and =40y

Implantable cardiac monitor if 30-day monitor does not reveal AF or flutter
Hypercoagulable testing Serum hypercoagulable workup in patients with no or minimal risk factors
Screening for malignancy Age appropriate screening

CT chest/abdomen/pelvis when systemic symptoms suggestive of cancer are present such as unexplained weight loss or
unexplained fever

AF indicates atrial fibrillation; CT, computed tomography; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging; TEE, transesophageal
echocardiography; and TTE, transthoracic echocardiography.

Figure 1. A and B, Multiple small infarcts
in the posterior circulation in a patient
with proximal basilar artery stenosis.

C, Small infarcts in multiple vascular
territories suggestive of a cardioaortic
source.




Embolic Stroke of Undetermined Source
and Detection of AF on Follow-Up:
How Much Causality Is There

Ntaios ... Lip et al J Stroke Cerebrovasc Dis 2016 http://dx.doi.org/10.1016/
J.jstrokecerebrovasdis.2016.08.015

(-]
]

- * Among 275 ESUS patients, AF was
A5G g iowsn detected during follow-up in 80

(29.1%).

* NIHSS score was similar between
the two groups (5 [2-13] versus 5
[2-14], P =.998).
More recurrent strokes or peripheral
embolisms occurred in the AF group
compared with the non-AF group

(42.5% versus 13.3%, P=.001).
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Diagnosis of AF after stroke and transient ischaemic

attack: a systematic review and meta-analysis
Sposato et al Lancet Neurology 2015; 14: 377-87

4 sequential phases of cardiac monitoring methods %dx with
screening: poststroke AF

Phase 1 (emergency room) - | admission electrocardiogram (ECG) 7-71%
(95% CI 5-:0-10-8)

Phase 2 (in hospital) serial ECG, continuous inpatient ECG | 5:1%
monitoring, continuous inpatient (3:8-6-5)
cardiac telemetry, and in-hospital
Holter monitoring

Phase 3 (first ambulatory ambulatory Holter; 10-7%
period) (5:6-17-2)

Phase 4 (second ambulatory | mobile cardiac outpatient telemetry, 16-9%
period) external loop recording, and (13:0-21-2)
implantable loop recording

Overall AF detection yield after all phases of sequential cardiac monitoring was
23-7% (95% C117-2-31-0).




Diagnostic Evaluation of Ischemic Stroke to

Determine Stroke Mechanism
Yaghi et al Circ Res. 2017;120:527-540

Diagnostic Tests Therapeutic Implications
Cardiac causes

Paroxysmal occult AF Noninvasive cardiac monitoring, and if no AF or flutter Anticoagulation therapy
detected, then implantable cardiac monitoring

Atrial cardiopathy Serum NT-proBNP, echocardiography, ECG Treatment with antiplatelet vs anticoagulation is unknown, but
empirical treatment with anticoagulation may be reasonable

Atrial septal defect Echocardiography (TEE superior to TTE) Venous imaging if atrial septal defect detected
Atherosclerolic causes

Aortic arch disease Echocardiography (TEE superior to TTE) Antiplatelet and statin therapy

Substenotic atherosclerosis Vessel wall imaging, plaque MRI Antiplatelet and statin therapy

Other causes

Cancer CT chest, abdomen, and pelvis Antiplatelet vs. anticoagulation treatment of underlying cancer

Hypercoagulable state Hypercoagulable work-up, including antiphospholipid Anticoagulation therapy based on findings
antibodies

Arterial dissection MRA with fat-suppressed images Antiplatelet therapy

AF indicates atrial fibrillation; CT, computed tomography; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-B-
type natriuretic peptide; TEE, transesophageal echocardiography; and TTE, transthoracic echocardiography.




Comparison Between Oral Anticoagulation and
Antiplatelet Rx in Patients With ESUS/Cryptogenic

Stroke and Underlying Potential Embolic Source
Ntaios. J Am Coll Cardiol 2020;75:333—40

Carotid atherosclerosis 1.20 (0.86-1.68)
Aortic arch atherosclerosis 0.80 (0.40-1.62)
Enlarged left atrial diameter 0.26 (0.07-0.94)
Patent foramen ovale 0.68 (0.32-1.48)
Left ventricular disease 0.60 (0.46-0.78)
Favors Oral Anticoagulation Favors Antiplatelet

HRs and 95%Cls are obtained from exploratory subgroup analyses of the
NAVIGATE ESUS trial




Treatment Effect on Stroke Subtypes According
to TOAST (Trial of Org 10172 in Acute Stroke
Treatment) Criteria Among Participants With

Ischemic or Unknown Stroke : COMPASS

Pereira et al JAMA Neurol. doi:10.1001/jamaneurol.2019.2984

- Aspirin, 100 mg
l:] Rivaroxaban, 5 mg, twice daily
|_| Rivaroxaban, 2.5 mg, twice daily plus aspirin
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Cardioembolic LAD SVD
Stroke Subtype

ESUS indicates embolic stroke of undetermined source; LAD, large artery
disease; and SVD, small vessel disease.

Significantly fewer cardioembolic
strokes (hazard ratio [HR], 0.40 [95%
CI, 0.20-0.78]; P =.005) and embolic
strokes of undetermined source (HR,
0.30 [95% CI, 0.12-0.74]; P =.006) in
the combination therapy group
compared with the aspirin-only group.

For patients with systemic
atherosclerosis,low-dose
rivaroxaban plus aspirin was
associated with large,
significant reductions in
cardioembolic strokes and
embolic strokes of
undetermined source.




Non-Embolic and Embolic Mechanisms of Stroke

Cardioembolic stroke accounts for roughly 15% of all
strokes.

The risk profile for a potential cardiogenic source of
embolism needs to be stratified.

Common causes are ‘AF, heart failure, CAD, hypertension...

Evidence to guide long term medical management is .....
— strong 1n some areas eg. atrial fibrillation.

— limited 1n some areas — large trials of longer duration are
needed.






