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Switzerland — Québec

Switzerland Québec
41 285 km?2 1.542.056 km?2
9 060 598 inhabitants 8.501.833 inhabitants
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[ Ne partez pas sans moi!
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Agenda

* Introduction - burden of atrial fibrillation, cardioembolism and stroke
« Management of anticoagulation in specific stroke scenarios

« Timing of anticoagulation after a recent stroke

o Use of IV thrombolysis in a patient on anticoagulation

« Management of anticoagulation after a stroke despite anticoagulation
therapy («breakthrough stroke»).
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Atrial fibrillation, cardioembolism and ischemic stroke

e 44 million individuals have atrial fibrillation 16

. —o— Total 65+ years
(AF) WorIdW|de 141 S 65.79 years

| =de= 80+ years

« 1970ies: AF as possible etiology of
Ischemic stroke

e 20-30% of all ischemic strokes are related
to AF

» Europe: approximately 240 000 AF-related
Ischemic strokes/year

AF cases (millions)

0 T T T :
2016 2020 2025 2030 2035 2040 2045 2050 2055 2060

Year

Figure 3 Projections of number of European Union elderly with
atrial fibrillation between 2016 and 2060. AF, atrial fibrillation.
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85yo lady, known AF, no anticoagulation (fear of frequent falls)
Sudden onset right side hemiparesis + aphasie, NIHSS 20 points
Onset to imaging time: 120 minutes

5

CT-A Non-contrast CT

Insel Gruppe — stroke, afib and anticoagulation 02.10.2025 8
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Angio — Angio —
before thrombectomy after thrombectomy

MRI day 2
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Characteristics of AF-associated stroke

no prior anticoagulation (n=5875) VKA (n=1496) DOAC (n=2793)

39%

Anterior circulation

Large vessel occlusion

60%

51%

S0% 44%

40%

30%

20%

10%

0%

no anticoagluation Vitamin K antaggonist INR DOAC Anterior CirCUIation intraCI’anial ICA14.5%
<17 . . . MCA M1 34.1%
aOR (DOAC): 0.67 (95%CI 0.56-0.76) B Posterior circulation MCA M2 29.6%

AF-associated stroke: frequently large-vessel occlusion, >85% in the

anterior circulation

Insel Gruppe — stroke, afib and anticoagulation Meinel et al Ann Neurol 2021, Benz et al Ann Neurol 2024 02.10.2025 10
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AF-stroke with vs without large vessel occlusion

mo 1 2 3 - m5 mo

Modified Rankin Scale (mRS) score at 90 days /
Present -. |

32

LVO Stroke

Vessel occlusion on imaging

o _ i N \

Patients (%)

LVO is associated with poor 3-month outcome

(aOR 1.95; 1.71-2.22, adjusted for thrombectomy and other)

Non-LVO Stroke

Insel Gruppe — stroke, afib and anticoagulation Benz et al Ann Neurol 2024 02.10.2025 11
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Pharmacotherapy for stroke prevention in AF

e 1980-90ies: Multiple studies with Warfarin, Aspirin and others

e 2010ies: ,DOAC —trials"

e Anti-Xa: Rivaroxaban (ROCKET-AF), Edoxaban (ENGAGE-AF-TIMI),
Apixaban (ARISTOTLE)

e Anti-lla: Dabigatran (RE-LY)
» Anticoagulation is the cornerstone of stroke prevention:
« Aspirin: 20% relative risk reduction
« Warfarin: 64% relative risk reduction

e DOACSs: at least as effective as warfarin

SPAF 1990, Petersen et al 1989, Seiffge et al Lancet Neurology 2024, Hartet g5 192025 12
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«If you are treating even ONE patient in your
practice with anticoagulation,

~

your should wake up once a week or so with a

\_

cold sweat»

Charles Miller Fisher (1913-2012)

/

Insel Gruppe — stroke, afib and anticoagulation
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Timing of DOAC-initation after recent AF-associated stroke

Starting OAC
late

Starting OAC
early
risk of
haemorragic
transformation?

risk of early
recurrent
stroke?

Insel Gruppe — stroke, afib and anticoagulation Best et al INNP 2022 02.10.2025 14



Early start of DOAC after ischemic stroke

Risk of intracranial hemosrrhage and recurrent events

INSELGRUPPE

Early start of DOAC - first evidence

[ Figure Time to start of OAC after the index event ]
Vitamin K antagonists Rivaroxaban
" 0.00-{ 0.00-
5
-§ 0.25- 4 days (IQR: 2-8) 0257 6 days (IQR: 3-11)
‘G 0.50 0.50-
5
= 0.75 0.75- I
[}
8 Number of symptomatic
1.00 1.004
T T T T T T T T T L]
0 7 14 21 28 0 7 14 21 28 ICH Wlth DOAC.
Days after index event Days after index event
Dabigatran Apixaban O
0.00 0.00
[2]
5
- 0.25 5 days (IQR: 3-11) 0257 3 days (IQR: 2-9)
‘5 0.50- 0.50-
=]
°
5 0.75- 0.75
o
% 1.004 1.00
T T T T T T T T T
0 7 14 21 28 0 7 14 21 28
Days after index event Days after index event
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Rapid Review I

Timing of anticoagulation after recent ischaemic stroke in

@5h®

1 Patients’ median age, median  Median timing of Falk R ischaemi I ial b haget . . . .
'In:d;: ‘ ot vty j.e. Htasy st e T ket = patients with atrial fibrillation
administration initiation Do Sy, Do Werng” Mo P s Do, St Waench, Tt il St T Emgeli, s s, B
1 studies with dinical follow-up of 23 mont!
Seiffge et al* 204 (155 DOAC  79years; NIHSS score 4; 5 days {7 days for 65% [n=100] At least 7-7% per year (5-1% peryear  1.3% per year
[NOACISP) treated) nainformation on infarct size of DOAC-treated patients) Imonths  for DOAC administration 14_
ﬂﬂa?:i’f-f:#ﬁ;v:"fv [ Recurrent ischaemic stroke
DOAC administra
>7days p-053) [ Intracranial haemorrhage
Arihiroet al® 1192 (466 DOAC 78 years; NIHSS score 3; 5 days for DOAC Imonths  S5%peryear (VKA)and  1.2% peryear (VEA) vs 0-B% peryear
(SAMURAI-NVAF)  treated) 24% small, 48% medium, and 10-1% per year (DOAC, (DOAC)
28% large infarcts p>0.05) 124
Paciaroni etal® 1127 {allDOAC 76 years; NIHSS score B; No overall median reported Imonths  7-8%peryear 4% peryear —_
(RAF-NOAC) treated) 41% small, 33% medium, and (8 days for dabigatran and [
22% large infarcts rrvascncabian, 7 disys for apiaban) $
Wilson et al 1355 (475 DOAC) 76 years; NIHSS score 4; 18% 11 days (=4 days for 26% 90 days 5.7% peryear (combined  0.6% peryear {combined DOAC and Z\
large infarcts [n=358] of patients) DOAC and VKA) VKA o 107
P TR SR Il T + i o e e o
P gate outcome imaging =
Macha et al* 243 (all DOAC 78 years; NIHSS score 5; From 17 days for small infarctor  Inhospital — Not reported 1 case of symptomatic and 2 cases of —
treated) 17% small infarct or TIA, TIA to 6-7 days for large infarcts asymptomatic intracranial B\
F0% medium, and 13% large {57 days for 89-7% [n=218] of haemarrhage c 8'
infarcts DOAC-treated patients) g
Cappellarietal” 147 (all DOAC 79 years; NIHSS score § 33 days (3 days for 66% CTscanat  Nocase observed B cases of asymptomatic intracranial o
treated) 54% small, 22'% medism, and [n=07]of patients; =7 days for 7 days haemarrhage (7 new, 1 before DOAC v
24% large infarcts all patients) treatment) ‘:
Gioia et al® 60 T4 years; NIHSS score 2 median 3 days MRiscan  1case Mo cases of symptomatic intracranial = 6_
{all rivarcxaban DWW lesion volume 7-9 mL at 7 days . 8 cases of asymptomatic v
treated) petechial haemorrhage 3
Deguchi et al* 300 (186 DOAC 77 years; NIHSS score 7; Fdays for DOAC, 7 days for VKA Inhospital - No case obsenved 2 cases of intracranial haemorrthage, =
treated) noinformation on infarct size 1 case of extracranial haemorrhage g
k ional studies with jarity of pati ing VKAs or heparins ] 4_
Abdud-Rahim 1300 73 years; NIHSS score 14; 2 days 90days  B-2%of patients (107 2:3% of patients had symptomatic 2
etal” (no DOAC-treated  no information on infarct size eyents in 1300 patients)  intracranial haemorrhage (30 events in c
patients) 1300 patients) <L
Paciaronietal” 1029 (93D0OAC 77 years; NIHSS score §; B5days for DOAC, 124 days  Imanths 77 events (including TIA 37 events (including maj ial
treated) 37% small, 36% medium, and forVka d i i 7=
27% large infarct
N e trials with pati ving DOACs
Hong et al” 195 70years; NIHSS score 2; median 2 days MRIscan  1case 30 new haemorrhagic lesicns
(95 rivaroxaban DWW lesicn volume 2.6 mL at 4 weeks {all asymptomatic)
treated) 0 - e TTTmmEEEee o
T 1
DOAC=direct N Vheliamint .... L CRe
might differ sightly t d fa iy defined b than 1.5 cminthe posteior di by perficial branch of Seiffge et al 2016 Arihiro et al 2016 Paciaroni et al 2017
mickdle cerebral artery (MCA), in thwe MCA deep branch, in the bord tenitories, in il superficial branch of p b orin perficial beanch of th d
L - A, posterior cerebeal artery, MCA, | f MCA associated
‘to the MCA deep branch, orin ity 1r (% per year) ) published iber of oby d divich follow- . . . . . . .
i - ¥ Figure 1: Risk of recurrent ischaemic stroke and intracranial haemorrhage in
Table 1 | ¢ L ¢ atrialfblation-related ischaemi strok patients with atrial fibrillation and a recent ischaemic stroke

Insel Gruppe — stroke, afib and anticoagulation
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Planned Intervention Control (late initiation  Follow-up  Primary outcome Patientswith  NIHSS Estimated
sample size (early initiation of of anticoagulant period haemorrhagic  exclusion endof
anticoagulant treatment) treatment) transformation criteria  study
included
ELAN 2000 <48 h after symptom Currentrecommendations 30 days Composite outcome (major bleeding, Yes No October
(NCT02148457) onset (minor and (ie, minor stroke afterday  (secondary  recurrent ischaemic stroke, systemic exclusion 2021
moderate stroke) or at 3 [1 day], moderate outcomes  embolism, or vascular death, ora criteria
day 6 (+1 day) after stroke after day 6 [+1day]  after combination of these outcomes)
symptom onset (major and major stroke afterday 90 days)
stroke)* 12 [£2 days])*
OPTIMAS 3474 s4 days after acute 7-14 days after acute 90 days Composite outcome at 90 days Yes No 2021-22
(EudraCT, 2018- ischaemic stroke ischaemic stroke (combined incidence of recurrent exclusion
003859-38) symptomatic ischasmic stroke, criteria
symptomatic intracranial haemaorrhage
[including extradural, subdural,
subarachnoid and intracerebral
haemorrhage, and haemorrhagic
transformation of the qualifying infarct],
and systemic embalism)
TIMING 3000 s4 days after acute 5-10 days after acute 90 days Compaosite outcome (recurrent Yes No December
(NCT02961348) ischaemic stroke ischaemic stroke ischaemic stroke, symptomatic exclusion 2020
intracerebral haemorrhage, or all-cause criteria
mortality, or a combination of these
outcomes)
START 1500 Time-to-treatment delay  Time-to-treatment delay 30 days Compaosite of any CNS haemorrhagicor  Yes Score=3 August
(NCTO3021928) (1000 patients  of 3,6,10,0r 14 daysfor  of 3,6, 10, or 14 days for  (secondary  other major haemorrhagic events and and score 2021
with mild or mild or moderate stroke;  mild or moderate stroke;  outcomes the ischaemic events of stroke or <23
maoderate 6,10, 14, or 21 days for 6,10,14, 0r 21 days for  after systemic embolism within 30 days of the

stroke, S00with  severe stroket inclex stroke

severe stroke)t

severe stroket 00 days)

NIHSS= National Institutes of Health Stroke Scale. ELAN=Early Versus Late Initiation of Direct Oral Anticoagulants in Post-ischaemic Stroke Patients with Atrial fibrillation. OPTIMAS=0Ptimal TIMing of Anticoagulation
after AF-associated acute cardicembolic ischaemic Stroke. TIMING=Timing of oral anticoagulant therapy in acute ischemic stroke with atrial fibrillation. START=Optimal Delay Time to Initiate Anticoagulation After
Ischermic Stroke in Atrial Fibrillation. *Small infarct size is defined by lesions smaller than 1.5 cm in the anterior or posterior circulation; medium infarct size by lesions in a cortical superficial branch of middle cerebral
artery (MCA), in the MCA deep branch, in the internal border zone territories, in a cortical superficial branch of posterior cerebral artery, or in a cortical superficial branch of the anterior cerebral artery; large infarct size
by lesions that involve the complete temitory of MCA, posterior cerebral artery, or anterior cerebral artery, in two cortical superficial branches of MCA, in a cortical superficial branch of MCA associated to the MCA deep
branch, or in more than one artery temitory. tMinor stroke is defined by a NIHSS score <8, mild stroke by a NIHSS score of 8-15, and severe stroke by a NIHSS score > 15, as per the European Society of Cardiology and
Furapean Heart Rhythm Association definitions (panel 1).

Table 2: S y of i domised controlled trials in

related ischaemic stroke.

ing early versus late initiation of direct oral antic with recent atrial fibrillation-

treatment in pat

e NEW ENGLAND
JOURNAL o MEDICINE

11ME 20, 2023 [y

Early versus Later Anticoagulation for Stroke with Atrial Fibrillation

Fischer et al NEJM 2023
hrticlesl

Optimal timing of antic lation after acute ischaemi ®@hm
stroke with atrial fibrillation {OPTIMAS): a multicentre,
blinded-endpoi P N

phase 4, d trial

Werring et al LANCET 2025

Circulation

ORIGINAL RESEARCH ARTICLE Q6

Early Versus Delayed Non-Vitamin K Antagonist
Oral Anticoagulant Therapy After Acute Ischemic
Stroke in Atrial Fibrillation (TIMING):

A Registry-Based Randomized Controlled
Noninferiority Study

Oldgren et al CIRCULATION 2022

Insel Gruppe — stroke, afib and anticoagulation Seiffge et al Lancet Neurology 2018
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Individual patient data meta-analysis (IPDMA) CATALYST

37 — Later DOAC
— Early DOAC

1 Early <4days

Primary composite outcome (%)

Late = 5 days

0 T | |
0 10 20 30
Number at risk Time (days)
Later DOAC 2746 2646 2613 2580 Composne enpoint:
Early DOAC 2683 2625 2582 2550 recurrent ischaemic stroke
- symptomatic intracerebral
Figure 2: Primary composite outcome at 30 days by DOAC initiation timing (cumulative hazard) haemorrhage
Log-rank p value: 0-034. DOAC=direct oral anticoagulant. - unclassified stroke
Insel Gruppe — stroke, afib and anticoagulation Dehbi et al Lancet 2025 02.10.2025 18



INSELGRUPPE

Early DOAC Early DOAC  Later DOAC Later DOAC OR (95% C1) Interaction
samplesize  numberof  samplesize =~ number of p value
outcomes outcomes
All patients 2683 57 2746 83 ——] 0-70(0-50-0-98)
NIHSS score 0-54
0-4 1129 24 1194 31 —_— 0-82 (0-48-1-40)
5-10 861 17 885 29 —er 0-60(0-33-1-09)
11-15 342 11 306 13 —_— 0-75(0-33-1-70)
=16 335 5 337 9 _— 0-55 (0-18-1-67)
Reperfusion treatment 0-36
No 1800 43 548 57 —— 077 (0-52-1-15)
Yes 879 14 884 26 —_— 054 (0-28-1.04)
Previous anticoagulation 0-89

No 1762 33 1714 44 —t 072 (0-46-114)

m = ot 3 1 076 (0.44-131) Consistent
effect in all

Female 1223 32 1244 e — 0-73(0-46-1-16)
Male 1460 25 1502 39 e 0-66(039-1-09)
Age (years) 0-46 Su bgroups
<75 971 13 1008 24 —_— 0-56 (0-28-1-10)
=75 1712 44 1738 59 — 0-75(0-51-1-12)
- T I 1
05 1 2
+— —r

Earlier DOAC better Later DOAC better

Figure 3: Primary outcome overall and by subgroups of interest
Interaction p value refers to the interaction term between early versus later DOAC and the baseline characteristic with respect to the primary outcome.
DOAC=direct oral anticoagulant. NIHSS=National Institutes of Health Stroke Scale. OR=o0dds ratio.

Insel Gruppe — stroke, afib and anticoagulation Dehbi et al Lancet 2025 02.10.2025 19
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Figure 2. Unadjusted Odds Ratios (ORs) of the Primary Composite Outcome and Secondary Outcomes at 30 Days

[A] Minor stroke

Early DOAC (n=371) Late DOAC(n=364) g Early DOAC  Late DOAC
Outeome No. of events, % No. of events, % {95% C1) better  better
Composite primary outcome at 30 d 10(2.7) 11{3.0) 0.89(0.38-2.10) R
Major extracranial bleeding 1{0.3) 2(0.5) 0.59(0.05-4.43)
Symptomatic intracranial hemorrhage 010) oo 0.98(0.01-181.14)
Recurrent ischemic strake 5(1.3) 7(19) 0.72(0.22-2.16) —+——#—
Systemic embolism 3(0.8) 1(0.3) 2.30(0.38-23.83) -_—
Vascular death 1{0.3) 3(0.8) 0.42(0.04-2.56)
02 0.5 10 15 0
OR (95% CI)
[B] Moderate stroke
Early DOAC (n=388) Late DOAC(n=392)  op Early DOAC  Late DOAC
Qutcome No. of events, % No. of events, % (95%C1) better . better
Composite primary cutcome at 30 d 11(2.8) 14(3.6) 0.80(0.35-1.74) _——
Major extracranial bleeding 2{0.5) g 5.08(0.41-701.21) —_—
Symptomatic intracranial hemorrhage 2(0.5) oo 5.08(0.41-701.21) H -
Recurrent ischemic strake 7(1.8) 12(3.1) 0.60(0.23-1.47) —_— .
Systemic embolism L] 2(0.5) 0.20(0.00-2.48)
Vascular death 4(L0) 3(0.8) 1.30(0.32-5.86) -_— -
02 0.5 1015 30
OR(95%CI)
(€] Major stroke
Early DOAC (n=219) Late DOAC(n=228)  gg Early DOAC | Late DOAC
Qutcome No. of events, % No. of events, % {95% C1) better - better
Composite primary cutcome at 30 d B(3.7) 1647.0) 0.52(0.21-1.18) ——— @ ——
Majer extracranial blecding 0(0.0) 3(1.3) 0.15(0.00-1.53) +——————
Symptomatic intracranial hemorrhage (0.0 2(0.9) 0.21(0.00-2.56) =
Recurrent Ischemic stroke 2(0.9) 6(2.6) 0.39(0.07-1.56) ~— @8 —
Systemic embolism 1{0.5) 6(2.6) 0.23(0.02-1.13) &——
Vascular death 6(27) 4018 1.5 (0.45-5.55) - —
0z 0s 1 o1s 30
OR (95% C1)

The incidences of the primary and secondary outcomes at 30 days were comparable for all infarct size groups, including minor (), moderate (B), and major

(C) stroke. DOAC indicates direct oral anticoagulant.

[Early (N=5983) Late [N=88T7) Adj. Risk Difference
No. of Events No. of Events. (95%-Cn

Composite primary outcoms at 30 days

Mo HT n=BSZ, 24 (28%) n=7Y, 33 (38%) e ~0M% (~265 10 0.76%)
HT me131, 5 (38%) n=118, 7 (B.0%) e -2.96% (~7.77 10 345%)
Major oxtracranial bleoding

Mo HT AeBSZ, 2 (0.3%) =71, 5§ [0E%) -+ =0.31% (-0.95 10 0.32%)
HT me131, 1 (0.0%) n=118. 0 {0.0%) —_—— O.T2% (=147 10 201%)
Mo HT =852, 2 (0.2%) n=871, 2 {0.2%) + 0.02% (-0.49 12 0.53%)
HT m=131, 0 (0.0%) n=116. 0 [0.0%) -T ~0.06% (-1.65 1o 1.53%)
Recurrent ischemic stroke

Ko HT meB52, 12 (14%) negTY, 18 (2.1%) — =0.60% (-1.95 10 0.5T%)
HT n=131, 2(1.5%) n=116, 8 (5.2%) - =357% (-8.33 10 1.19%)
Systemic smbolism

M HT B, 4 (0.5%) na871, 7 (0.8%) —_— ~0.31% (-1.00 10 0.47%)
HT m=131, 0 (0.0%) n=116. 2 (1.7%) —— =1.81% (-4.66 1o 1.05%)
Vascular death

Mo HT e85, B (1.1%) =871, B [0.6%) - 0.18% (-0.78 10 1.15%)
HT P31, 2 (1.5%) n=118, 2 (1.7%) —— -0.24% (37510 3.26%)
MRS (3-8

Mo HT 852, 206 (34.7%) n=BT1, 319 (36.6%) —_— ~1.85% (-6.38 to 2.68%)
HT 131, 70 (53.4%) ne116, 51 (44.0%) r . '——"" 10.82% (-1.59 0 23.04%)
-0 -5 5
Early DOAC better Late DOAC betier
R0 sarty minus late DOAC

Figure 2. Primary and secondary outcomes,

Forest plots representing the adjusted risk differences (aRDs; early vs late anticoagulation) of the composite outcome, its companents,
and functional outcome at 30 days for participants with (1), hemorrhagic transformation (HT) and (2), no HT. DOAC indicates direct oral

anticoagulation; and mRS, modified Rankin Scale.

Consistent effect regardless of stroke

lesion size or haemorrhagic
transformation

Insel Gruppe — stroke, afib and anticoagulation

Goldlin et al JAMA Neurology 2024, Rohner et al CIRCULATION 2024

02.10.2025
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Stroke on anticoagulants — a frequent clinical scenario

Symptoms: left side hemiparesis, NIHSS 11

Medical history: Atrial fibrillation on Apixaban 5mg, last intake 2h before stroke onset
Currently hospitalized for heart failure, medication intake under supervision

Symptom to CT time: 1h (in hospital)

| At

Insel Gruppe — stroke, afib and anticoagulation 02.10.2025 21
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Vote — what would you do?

1) No IVT, send to Bern for thrombectomy

2) Start IVT, send to Bern for thrombectomy

3) Too old, too sick — keep patient in the Emmenthal

Insel Gruppe — stroke, afib and anticoagulation 02.10.2025 23
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The burden of «breakthrough stroke» despite anticoagulants

Randomised controlled trials comparing direct oral anticoagulants with vitamin K antagonists

10- Swiss Stroke Registry n

97 ROCKET-AF RE-LY ARISTOTLE ENGAGE-AF

£ el —— —_— —_— , ‘ Ischaemic Stroke Patients with Atrial Fibrillation
Fr i
E [ M kA NN DOAC |
7 6
E 58
i° 5
B 4T oS
RS :
E = g1
E 17% 15% 17% 13% 12% = g
S ﬂ ] H |
o
Q
Rivaro-  Vitamin K Dablgatran Vitamin K Aplxaban Vitamin K Edcocaban Edoxaban Vitamin I( 0
xaban  antagonist antagonist antagonist (high dose) (low dose) antagonist
=~
CHADS, score 35 22 21 2.8 A 2014 2015 2016 2017 2018 2019

Participants with atrial fibrillation on 38% of all AF-strokes are

anticoagulation therapy in large RCTs had
«breakthrough» strokes at 1-2%/year

Insel Gruppe — stroke, afib and anticoagulation

“Breakthrough stroke” despite
anticoagulation

Seiffge et al The Lancet Neurology 2024, Meinel et al Ann Neurol 2021 02.10.2025 24
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The burden of breakthrough strokes despite anticoagulation

DOAC patients DOAC patients
(a) (b) .
among all code- among IVT eligable
~_strokes patients

Insel Gruppe — stroke, afib and anticoagulation Biicke et al ESJ 2024 02.10.2025
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IVT in patients taking Vitamin K antagonists (VKA)

Risks of Intracranial Hemorrhage

Among Patients With Acute Ischemic Stroke
Receiving Warfarin and Treated With
Intravenous Tissue Plasminogen Activator

Fhil
th, M, MPH

Context tisawe

activator (EPA) i known bo improve out
may face an mmwd i iou mtwunal Immnh;ew'm m:awd mth 0)\. .I\l

patierts if thear mwmanmal nosmaized ratio (INR) & 1.7 of lowe, mm e ﬂm dn
on safety of intravenous tPA in warfarin-treated patients in dirical practioe.

To determine the risk of symptomatic intracranial hemorhage [sICH
among pasents with ischemic stroke treated with infravenous IPA whi wens ieoeiv
ing wartann vs thase who were not and 1o determing this rsk s a funcbon of INK.
Design, Setting, and Patients Obsenvatonal study, using data from the Amen
can Hearl Association Get With The Guiddires-Slioke Regiiry. of 23437 patienl
with ischemes stroke and with INR of 1.7 or lower, treated with intravenous BPA 1
1203 regustry hospitals from Apl 2009 through June 2011,

Measurg Symptomatic intracranial hemorrhage, Secondary en
spstemic e, any P4

Mathew ). Beeves, Filb
Tiaiai M. Oflsen, PRI, B
Adrion F. Hernandez, MIL MHS

NTRAVENOUS TISSUTL FLASMINCGIN
actvator (1PA) 15 currently the
only effective treatment 10 im- ’m“'l'mmp"‘:; e M
prove oucomes for acute ischemic ooy o hocoat mortality,

stroke') however, treament with
i y arri i Results Overal, 1802 (7.7%) patients with steoke treated with tPA were receiving
intravenous tPA carries the risk of

warfarin {med.gn INR, 1.20; ﬂﬂqunmb range [FOR], 1.07-1.40). Warfarin-treate:
ympeomatic intracranial hemorrhage ~andhad -y
(sICH). OF paticnts who receive I oot SICH rate in warfarin-treated patiats was higher than in nen-—warferin
venous IPA for siroke, 24% 10 85%  yreated patients (5.7% v1 4.6%, £-=.007), but these differences were not signif

ORIGINAL ARTICLE

Safety of Intravenous Thrombolysis for
Ischemic Stroke in Patients Treated with
Warfarin

Michael V. Mazya, MD," Kennedy R. Lees, MD, FRCP,” Romesh Markus, MD,
FRACP,? Risto ©. Roine, MD, PhD," Raymaond C. 5. Seet, MD, MRCP,®
Nils Wahlgnpn MD, PhD," and Niaz Ahmed, MD, PhD," for the Safe

of Thrombolysis in Stroke | P

ive: Contraversy surmgunds the safety of intrsvencus (V) tisse plasminogen activetor (IPA) in ischemic sirake
patents tested with warfarin. The Eurcpean IPA licerse prechades s use in anticcagulated patients altogether.
Ameﬁmn guidelines accept IV tPA use with an intemational rormalized rato (INR] = 1.7, The influeace of warlarin
{SICH), arterial and long term functional outcome in stroke

lNﬂllIbelwl ramains unclpas.
Methads: We analyoed data from 45,074 patients treated with IV (PA ensolled in the Sale Implementation of Throm-
olysis in Stroke (51T5] Internationsl Stroke Thiombolysis Register. A tatal of 768 patients had baseline warlarin teat-
m; ...mh:m 1.7, Outcams measurss wies SICH, arterial recanakzation, martality, snd functicnal indepandance
at 3 man]
Resubta: Patients on wasfarin with INR < 1.7 were older, had mare comarbidities, and had more severe strokes com-
nmd Io pauenls without warfarin. There were no significant differences between patients with and without warfarin
ates (adjusted odds ratio [aOR| = 1.23, - 95 comfdence imerval rierval [C1] w’:—zn per SITS-MOST; aOR
T 2« 5% €1 = 0.82-1.70 pr Eurapoan Cooparaiive Acute Suoke Study B aite acsiment or age. suoke sereriy.
g, tly irdlissnce menality 108, 95% C1 = 0.83-1.35) ar fune-
< 101, 95% CI - 0.81-1.24). Aﬂaml reca

rabzation by computed tomogra

ph&émymm FESCNANCE AAGDGI |rmdcd higher in warfarin patients (42% [37 of 59] vs 55% [774,/1.475) p
at 22 1o 34 hows of a baseline hyperdense middle cersbeal

artary gn was incranted [A3% [124 of 196] s SS% 3901 of 1,099, p uw-"}

Interpretation: Warfarin treatment with INR = 1.7 did not increase the risk for SICH or death, and hed no impact on

Retrospective cohort studies
INR cut-off <1.7 based on expert opinion

Recommendation

For patients with acute ischaemic stroke of <4.5h
duration, who use vitamin K antagonists and have
INR <1.7 we recommend intravenous thromboly-
sis with alteplase.

Quality of evidence: Low B&P

Strength of recommendation: Strong 71

For patients with acute ischaemic stroke of <4.5h
duration, who use vitamin K antagonists and have
INR =>1.7 we recommend no intravenous
thrombolysis.

Quality of evidence: Very Low ©

Strength of recommendation: Strong | |

For patients with acute ischaemic stroke of <4.5h
duration, who use vitamin K antagonists, and for

whom the results of coagulation testing 1s
unknown, we recommend no intravenous
thrombolysis.

Quality of evidence: Very low @
Strength of recommendation: Strong | |

Insel Gruppe — stroke, afib and anticoagulation

Xian et al JAMA 2012, Mazya et al Annals of Neurology 2013,
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IVT in patients taking direct oral anticoagulants (DOAC)

e
The use of IV alteplase in patients taking direct thrombin inhibitors or direct factor Xa inhibitors has not been firmly

Heart | Shroke. established but may be harmful.t (COR lll: Harm; LOE C-EO0)§Il IV alteplase should not be administered to patients taking

Association | Association.

«We suggest

ischaemic stroke of <4.5h

[ l:ﬁl‘ OAC during the last -:x n 0
cc I ) intravenous
I U Orcimsaron || o thrombolysis»

Current international guidelines
recommend AGAINST the use of IVT in
patients on DOACs

Insel Gruppe — stroke, afib and anticoagulation ~ Powers et al STROKE 2019, Berge et al European Stroke Journal 2021 02.10.2025 27
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INMCICEICER G
brave, indomitable
neurologists in
Switzerland* who do
use IVT in stroke

patients on DOACSs...

Insel Gruppe — stroke, afib and anticoagulation

3

AQVITAINE

NOUS SOMMES EN 50 AVANT JESUSCHRIST. TOUTE LA GAULE EST

OCCUPEE PAR LES ROMAINS... TOUTE # NON | UN VILLAGE PEUPLE

DYIRREDUCTIBLES GAULOIS RESISTE ENCORE ET TOUJOURS A LENVAHISSEUR.

ET LA VIE N'EST PAS FACILE POUR LES GARNISONS DE LEGIONNAIRES

ROMAINS DES CAMPS RETRANCHES DE BABAORUM, AQUARIUM,
LAUDANUM ET PETIBONUM...

* and friends an
colleagues around
the globe!
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Summary of evidence - 2021

Table 3 Observational studies including patients on direct oral anticoagulant (DOAC) treated with intravenous thrombolysis

Number of patients Number of sICH/ Number of patients
Study (DOAC type) rate (comparator) Number of sICH/rate Comment

Heterogenous or unknown selection criteria (n=>5 studies, n=475 patients)

Xian et al'? 251 (all DOAC) 12 (4.8%) 1500 (VKA) 73 (4.9%) Mo selection criteria or information on N O S | g n al Of h ar m | n

anticoagulation available

Seiffge et al'’ 78 (all DOAC) 2 (3.9%) 441 (VKA) and 8938 (no 9.3% and 7.2% Heterogenous selection aiteria, all within r etr O S e CtIV e C O h O rt
anticoagulation) 48 hours, partly plasma level-based p
Suzuki et al"® 71 (all DOAC) 2% nla nfa National survey and case collection, .
(dosage of rt-PA: 0.6 mg/kg) Stu d IeS
Shahjouei et af"* 6 (dabigatran) 0 nla nla Case collection
Meinel et af™ 69 (all DOAC) 3.1% 1544 (no anticoagulation) and 3.6% (no) and 4.6% (VKA) 18 of 23 centres used DOAC plasma levels
156 (VKA with INR <1.7) for patient selection
DOAC plasma-level based approach (n=3 studies, n=36 patients) I |
Marsch et af™ 9 (all DOAC) 1(4.2%) 31 VKA 1(3.3%) All patients <48 hours of last intake S I C H rates g enera y
Seiffge et af® 18 [rivaroxaban) ] nla nfa
Purrucker et al® 9 (all DOAC) 0 nla nla IOW
Idarucizumab (n=8 studies, n=236 patients)
Beharry et al 13 (dabigatran) 0 nfa nla Tenecteplase
Barber et al 51 (dabigatran) 2 (3.9%) 1285 (all non-DOA) 49 (3.8%) o
Kermer et al 80 (dabigatran) 0 nla Sma” Sample Slze
Kilpper et al 7 (dabigatran) 0 nfa .
Pretnar Oblak et al 11 (dabigatran) 2sICH(18.2%)  nla no 9 with elevated thrombin time (< 1 O O p atl e n tS)
Giannandrea et al 55 (dabigatran) 3 sICH (5.5%) nia nfa
Sanak et al 13 (dabigatran) 1 5ICH (7.6%) nla nfa
2 alCH
Fang et al 6 (dabigatran) 0 nla nla

INR, international normalised ratio; sICH, symptomatic intracerebral haemorrhage; VKA, vitamin K antagonist.

Insel Gruppe — stroke, afib and anticoagulation Seiffge et al INNP 2021 02.10.2025 29



INSELGRUPPE

International collaboration: DOAC-IVT

Design: International, multi-centre, retrospective cohort study
(CRD42021277825)

Study population: Patients with ischaemic stroke on prior DOAC therapy
(confirmed last intake <48h) who received IVT

Main outcome: symptomatic intracerebral haemorrhage (sICH)

Secondary outcome: functional independence at 3 month (mRS 0-2)

Sensitivity analysis: Selection approach (i.e. DOAC-level-measurements, & "'
prior reversal-treatment, IVT without DOAC-level measurement nor reversal :
treatment or inadvertent use of IVT)

-
-
|

Insel Gruppe — stroke, afib and anticoagulation 02.10.2025 30
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DOAC-IVT

Research

JAMA 1l

| Original
Intravenous Thrombolysis in Patients With Ischemic Stroke
and Recent Ingestion of Direct Oral Anticoagulants

Thamas R. Meinel, MO; Duncan Wilson. PhD; Henrik Gensicke, MD: Jan F. Scheitz. MD: Peter Ringleb. MD: leana Gogansu, MD:
Johannes Kaesmacher, MD; Hee-Joon Bae, MD; Do Yeon Kim, MD; Pawel Kermer, MD; Kentaro Suzuki, MD; Kazumi Kimura, MD;
Kesmas Macha, MD; Masatoshi Koga, MD:; Shinishi Wada, MD; Valerian Altersberger, MD: Alexander Salemo, MD; Logesh Palanikumar, MD;
Andrea Zini, MD: Stefana Forlivesi, MD; Lars Kellert, MD: Johannes Wischmann, MD; Espen Kristoffersen. MO, PhD: James Beharry, MD:
P Alan Barber, PhD; Jae Beom Hong. MD; Carlo Cereda, MD:; Eckhard Schiemm, MBES, PhD:; Yusuke Yakushig, MD: Sven Poli, MD, MSc:
Ronen Leker, MO; Michele Romaoli, MIOD; Marialuisa Zedde, MD: Sami Curtze, MD: Benno lkenberg, MD: Tama Uphaus, MO;
. MD; Pere C L MD; Roland Viehkamp, MD; Annemarei Ranta, PhD:
Marcel Arnold, MD: Urs Frschier, MD: Lse-Kwan Cha, MD: Teddy Y. W, PhD; Jan C. Purrucker, MD, M5¢:
David J. Seiffge, MD; and the DOAC-IVT Writing Group: for the intemational DOAC-IVT, TRISP, and CRCS-K-NIH Collaboration

252 (30%) received DOAC reversal

225 (27%) were selected on DOAC-levels

355 (43%) no reversal or DOAC-level check

Meinel et al JAMA Neurol 2023

SE !

Insel Gruppe — stroke, afib and anticoagulation

Table 1. Patient Baseline Characteristics

Many significant
differences between
patients with and
without prior DOAC
ingestions

Patients on DOACs:
older, higher NIHSS, longer
onset-to-admission and to-
IVT time, higher burden of

risk factors

- predictors for
higher risk of sICH

No. (%)
Patients with recent
Total, All patients Controls ingestion of DOACs
Characteristic E (N = 33 207) sll = 32 375) ‘n = 832) P valus
I Age, median (IOR), ¥ 33198 73 (62-80) 72(62-80) 79 (71-85) <.001
Sex
Female 14 458 (43.5) 14 103 (43.6) 355(42.7)
33199 60
Male 18741 (56.5) 18264 (56.4)  477(57.3)
Geographical region
Europe 21 266 (64.0) 20792 (64.2) 474(57.0)
Asia 33207 6698 (20.2) 6489 (20.0) 209 (25.1) <001
Australia and New Zealand 5243 (15.8) 5054 (15.7) 149(17.9)
NIHSS score, median (I0R)? 32028 9(5-16) 9(5-16) 11(6-17) <001
Prestroke modified Rankin Scale 29059 0 (0-0) 0(0-0) 0(0-1) 2,001
score, median (IOR)®
Systolic blood pressure, 29178 154 (28) 154 (28) 154 (27) 67
mean iSDE, mm Eﬁ
Time from symptom onset 12179  1.3(0.8-2.3) 1.3(0.8-2.3) 1.7 (1.0-2.6) 2,001
e hospital admission,
median (50, h
Blood glucose level, 28711 133 (48) 133 (48) 133 (45) 77
mean (50), mg/dL
International normalized ratio, 17471 1(1-11) 1{1-L.1) 1.1(1.02-1.2) <001
median (IQR)
Risk factors and medication®
Arterial hypertension 33000 20637 (62.5) 20072 (62.2) 565(75.1) 2,001
Current smoking 30337 5891(19.4) 5796 (19.6) 95 (12.8) <001
History of 32041 12413(37.7) 12091 (37.6) 322(43.2) 002
hypercholesterolemia
Diabetes 32078 6484 (19.7) 6311(19.6) 173(23.2) 01
Antiplatelet therapy 20884 10471 (35.0) 10383 (35.7) 88(11.2) <001
AF 16629 4616 (27.8) 4008 (25.1) 608 (90.1) <.001
T taking anticoaguiation, AT 1248 B RENEEE] o080 (00.0) LTI Y]
as reason for anticoagulation
Type of anticoagulation used
Dabigatran v] (1] 342 (41)
Rivaroxaban 0 0 258 (31)
<001
Apixaban 0 0 163 (20)
Edoxaban 33207 ¢ 0 68 (8)
DOAC, nat specified which 0 ] 1(<1)
agent
Vitamin K antagonists o V] (1]
Presence of large vessel 33060  10070(33.2) 10516 (32.6) 454(59.0) <001
occlusion
Mechanical thrombectomy 32833 6301(19.5) 6106 (19.1) 285 (34.3) <001
Tenecteplasa used 33199 1276(3.8) 1225 (3.8) 51(6.1) 2,001
instead of alteplase
Time from symptom onsetto 29717 138 (98-190) 138 (98-190) 153 (110-210) 2,001

intravenous thrombolysis,
QR

02.10.2025 31
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DOAC-IVT:. Primary outcome

6=

'
|

sICH rate (%)
'Y

0_
All DOAC Control
adjusted OR 0.57; 95% Cl1 0.36 t0 0.92, p = 0.02

Insel Gruppe — stroke, afib and anticoagulation Meinel et al JAMA Neurol 2023 02.10.2025 32



INSELGRUPPE

Subgroup analyses

Selection 95% CI
method

DOAC level . 0.31to 1.40

Reversal 252 0.30 0.09t0 0.92 0.04

Patients with DOAC-levels >100ng/ml or intake <12 hours without reversal:

adjusted OR 0.57; (95% CI 0.23-1.42)

Insel Gruppe — stroke, afib and anticoagulation Meinel et al JAMA Neurol 2023 02.10.2025 33
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How we do it...

Ischemic stroke and recent DOAC intake (< 48 h)

l Check principal eligibility for IVT }H-N‘l-
¥ Yes
Proximal LVO
(ICA, M1, BA) -es.
and expected time to groin < 30 min?

|N0

Dabigatran Factor Xa Inhibitors

Consider
Idarucizumab”

I

Consider

DIRECT MT

Intravenous off-label thrombolysis with individual benefit/risk analysis

Expected benefit: Potential risk or

E.g. relevant clinical deficit, early time window’,
small or absent infarct core at baseline imaging,

peripheral (M2, P2, A2,..) or eloquent perforator
occlusion, long exposure time (drip-and-ship stroke
network) ...

WINSELSPITAL

Universititsklinik fiir
Neurologie

2025

Stroke Richtlinien

des Berner Stroke Netzwerks

5. Jung, T. Meinel, P. Biicke, D. Seiffge, B. Birner, T. Horvath, M. Heldner, U. Prange, B.

Volbers, H. Sarikaya, S. Muth, A. Luczkiewicz, P. Correia, A. Humm, S. Renaud, R. Bilhler,
1. Gralla, ). Kaesmacher, H. Mattle, M. Bihlmann, A. Angelillo-Scherrer, D. Bervini,
W. Z'Graggen, A.Raabe, M. Arnold, U. Fischer fiir das Stroke-Team Bern

Anmeldung von Strokes und anderen neurologischen Notfillen via
Dienst-OA Neurologie 031 632 17 02

OA Neurologie Stroke Unit
Dienst OA (24/7) 6009 (031 63217 02) Stroke Unit AA (7-16h) 44857
Stroke Unit 20854 Spatdienst {14-23h) 448659
Bettenstation 8792 Pflege 43742
Neuroreha Triage 4479
|B Schichtleiter 770 WE Dienst Neuro 44660
Bettenstation
Anasthesie 8555 REA 9999
MET Team 5588
MRAD AA Dispatcher/MRI 23460 MNRAD MR MTRA (24/7) 26200
MNRAD CT AA 28447 0. 5563 MNRAD CT MTRA (7-15h) 28272
NRAD OA Angiographie 23484 NRAD Angio MTRA 22448
Notfall CT MTRA (24/7) 46201
Neurochir AA 6310 Kardiologie TA 6248
Neurochir OA 7310
Allgemeine Radiologie TA 6203 Infektiologie TA 6666
UKN Labor Chemie 22408
- 0A Medizin 7520

https://neurologie.insel.ch/de/aerzte-und-zuweiser/richtlinien
www.strokecenter.ch

Insel Gruppe — stroke, afib and anticoagulation

Purrucker et al SVN 2023, Meinel et al Bernese Stroke Guidelines 2025
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EUROPEAN
STRUKE JOURNAL

Intravenous thrombolysis in patients with recent intake
of direct oral anticoagulants - a target trial analysis

after the liberalization of institutional guidelines

Is off-label intravenous thrombolysis (IVT) after recent intake of direct oral anticoagulants
(DOACs) and without the application of reversal agents safe and effective?

Methods Results

5 n=49
Mean plasma level: 77 ng/ml
82% last intake <24 h

n=49
Mean plasma level: 125 ng/ml

Stroke eligible for IVT
+ DOAC intake <48 h

Outcome: IVT versus no IVT
sICH (ECASS Ill)
sICH (NINDS)
Radiological ICH (PH 2)
All major bleeding

Outcome:
- Symptomatic intracerebral
hemorrhage (sICH)

- Radiological ICH
- Any major bleeding

0% vs. 4%
2% vs. 9%
2% vs. 9%
0% vs. 6%

- mRS 0-2 (90 days) mRS 0-2 (90 days) 81% vs. 28%

Biicke, P, et al.  European Stroke Journal, 2024  philipp.buecke@inselch

Conclusion

IVT after recent DOAC
ingestion appears to be safe

©)

The association of IVT with
better functional outcomes
warrants RCT data

@)

The paradigm DOAC =
absolute IVT contraindication
might have to be questioned

doiorg/10.1177_23969873241252751

Insel Gruppe — stroke, afib and anticoagulation Buecke et al ESJ 2024

02.10.2025

35



INSELGRUPPE

Stroke

ORIGINAL CONTRIBUTION Target trial design:

Intravenous Thrombolysis in Patients With Recent
Intake of Direct Oral Anticoagulants: A Target e

Trial Analysis and Comparison With Reversal S0 eitena. trestant
Agent Use groups, outcome)

Thomas R. Meinel®, MD; Philipp Biicke™, MD; Lucio D'/Anna®, MD; Giovanni Merlino®, MD; Diana Aguiar de Sousa(®;
Sven Poli®; Jan C. Purrucker®; Davide Strambo®, MD; Michele Romoli®, MD; Gian Marco De Marchis®;

Waltraud Peilschifter®; Marialuisa Zedde®, MD; Jodo Pedro Marto®™, MD; Paclo Candelaresi®, MD; Robin Lemmens®; E mu Iate th € com po ne ntS
Pasquale Scoppettuclo™, MD; Malin Woock, MD; Pawel Kermer(®; Espen Saxhaug Kristoffersen(®; Malik Ghannam(®; 1

Senta Frol®, MD; Christian H. Nolte™; Yusuke Yakushiji, MD; Emmanuel Touzé®™; Timo Uphaus™; Marina Mannino®, MD; Of that prOtOCOI usli ng the
George Ntaios(®; Visnja Padjen®; Nils Henninger(®; Freschta Zipser-Mohammadzada, PhD; Marisa E. Mariano, MD; !

Carolina Guerreiro, MD; Alessandra Burini, MD; Laura Ceccarelli, MD; Mariarosaria Valente, MD; Obse rvatl on al d a‘ta
Alexandra Gomez-Exposito, MD; Antonia Kleeberg®, MD; Guillaume Thevoz, MD; Patrik Michel®; Gianluca Stufano®, MD;
Dimitrios Vlachos ™, MD; Matthias Herrmann, MD; Barbara Rodrigues, MD; Emanuele (E5MD; Vincenzo Andreone, MD;
Arne Allardt; Qasem N. Alshaer®, MD: Christoph Riegler®, MD; Takenobu Kunieda®, MD; Marion-Boulanger®, MD;
Marianne Hahn®, MD; Dimitra Papadimitriou®, MD; Jayachandra Muppa™®, MD; Louise Maes™, MD; Anna Ranta®;

Alicia Tyson®, MD; P. Alan Barber™; Alan Davis'>, MD; Teddy Y. Wu>, MD; Johannes Kaesmacher®; Urs Fischer(®; Target Trial Emulation _
David J. Seiffge®; for the International DO-IT Collaboration® A Framework for Causal Inference From Observational Data

Develop a protocol of a

JAMA Guide to Statistics and Methods

Miguel A. Hernan, MD, DrPH; Wei Wang, PhD; David E. Leaf, MD, MMSc

Insel Gruppe — stroke, afib and anticoagulation Meinel et al STROKE 2025, Hernan et al JAMA 2022 02.10.2025 36



Table 3. Safety and Efficacy Outcomes

WINSELGR

N (%) n=1000 =342 n=283 n=289

Safety outcomes, n (%)

Any radiological ICH*

None 735 (78.1%) | 264 (80.2%) | For any radiological ICH: 213 (78.6%) | 277 (96.2%) For any radiological ICH:

HI 1 92 (0.8%) | 26(79%) | O0% (9810+29) 21 (7.7%) 6 (2.1%) {__1262;?:0 —104)

Hi 2 47 (5.0%) 18 (5.5%) 18 (6.6%) 0 (0.0%)

PH 1 13 (1.4%) 3 (0.9%) 2 (0.7%) 1 (0.3%)

PH 2 22 (2.3%) 8 (2.4%) 8 (3.0%) 2 (0.7%)

SAH 27 (2.9%) 9 (2.7%) 8 (3.0%) 2 (0.7%)

Multiple types 5 (0.5%) 1 (0.3%) 1 (0.4%) 0 (0.0%)
Any major bleedingt 21 (2.3%) 7 (2.3%) +0.0% (—2.4 to +2.4) 6 (2.4%) 2 (0.7%) —0.9% (—2.8 to +1.0)
Orolingual edemat 0 (0.0%) 4 (1.2%) +1.2% (+0.03 to +2.4) 4 (1.5%) 3 (1.0%) —0.0% (—1.7 to +1.8)
Mortality (30 d)t 219 (22.7%) | 47 (15.7%) —3.8% (—9.5 to +2.9) 42 (17.1%) 5 (9.3%) —5.5% (—15.5 to +4.6)

Efficacy outcome, n (%)t

NIHSS score difference { ?’2. ({3L7}, 3(1-7) +0.33 (—ﬂ.58 to 1.24) 3(0-7) 4 (1-9) 40.05 (—1.2 to +1.2)
between admission and 24 h " = g i gy yay .

Insel Gruppe — stroke, afib and anticoagulation Meinel et al STROKE 2025 02.10.2025 37



INSELGRUPPE

Insel Gruppe — stroke, afib and anticoagulation

02.10.2025

38



W INSELGRUPPE

DOAC Intraven ,ous Thrombolysis

Trial & Registry

“Safety and Efficacy of Intravenous Thrombolysis in Patients with Ischemic Stroke and Recent B
Ingestion of Direct Oral Anticoagulants: DO-IT — The DOAC Intravenous Thrombolysis trial” Thomas Meinel,

Bern

An international, multicenter, prospective, randomized, open label, blinded endpoint (PROBE) trial with predefined interim analyses

906 pa‘“ents W|th acute |schem|c Stroke and recent Sponsor- PD Dr. med Th. Meinel (Pl’inCipal InVestigator)
DOAC intake Investigator: Prof. Dr. med. D. Seiffge (Co-Principal Investigator)
Prof. Dr. med. U. Fischer (Co-Principal Investigator)
Leading Center: Inselspital Bern, Bern University Hospital
11 Clinicaltrials.gov: NCT06571149
\ 4 \ 4 Ltk Shasr
Steering
Committee Sy — ﬁnﬁﬂ
BMT +IVT BMT alone members E FONDS NATIONAL SUISSE
SCHWEIZERISCHER NATIONALFONDS
FONDO NAZIONALE SVIZZERO
. . :;;;, - Swiss NATIONAL SCIENCE FOUNDATION
Primary endpoint: .
+  mRS at 90 days _:“;l_:f. E Helmut Horten Stiftung

& o N o —— 4% Baasch-Medicus Gottfried G |l
a b Ban erter Rh er
Insel Gruppe — stroke, afib and anticoagulation oo . ’ < ‘m ar Stiftung Ziirich & yn

Prof Or. By
11111 Spoaks  Kivichonce ot Covo
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oAC av
Trial & Registry

Predicted end date: March 02, 2045

1000
[ |
rd
rd
rd
”~
”
750 . -
rd
] rd
o ”
] ”
b e
8 s00- -
2 -
= ”
3 P
] -,
[} ”
(a4 rd
”
”
250 ”
”~ -
7 16 patients
rs
” .
e randomized
.
Ve
Mar 25' Mar‘ 30 Marl 35 Mar‘ 40" Mali 45

Center First participant in Months accruing Participants accrued Accrual rate (per month)

St-Gallen 05 Jun 2025 2 2 1.07
Bern 14 Mar 2025 5 8 1.73
Basel 05 May 2025 3 4 1.38
Overall 14 Mar 2025 5 14 3.02

active
Coming soon
'AIL
I I
N L7
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Ongoing RCTs in patients on DOAC

(%) bosE

Associated Stroke
Thrombekysis Optimization
with Tenecteplass

- ous Thrombalysis
DOAC Intravenou
Teial & Reghtry

DO-IT PASSION SIFT DOSE
(ACT-global DOAC domaine)

Trial registration NCT06571149 not available not available NCT06320431
Sample size 906 patients 668 patients 300 patients Overall 4000 patients

Centres/countries >100 centres, global Germany Norway global
Intervention IV thrombolysis (TNK or rtPA)  TNK 0.25mg/kg IV thrombolysis (TNK or rtPA) 2 doses of TNK (0.18 and 0.25mg/kg)

Design PROBE Double blinded PROBE Double blinded
Primary endpoint MRS shift at 90days MRS at 90days early neurological improvement ~ ?

ST=Iololg[o ETRYACTa Lo oTol 138 SICH and other sICH sICH ?

MRS <2 MRS at 90days

(%))
—*
2
=
o

Recruiting Funding obtained Recruiting Funding obtained
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Treatment:

«drip.-and- il {N NIHSS day 2: 0 points
Shlp» y S| Wwior

IV ITRA '- 1" tomy Discharged home
started e U

Follow-up CT
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Breakthrough stroke: high risk of recurrence

A

Cumulative Incidence

wn
—

Competing-risks regression

~
log-rank test: p<0.001 Breakthrough "
stroke —_
—
- -
e - -
—_/ -

AF-associated
Stroke not on prior
anticoagulation

T T I T
180 360 540 720

follow-up time in days

OACnaive  — — — OACprior
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Risk of stroke recurrence after breakthough stroke

Figure 3. Annualized Risk of Recurrence After Stroke Despite Anticoagulation

E| Recurrent ischemic stroke

Sample, Annualized risk
Study No. per year, % (95% CI)
COMBINE AFl/ 1163 7.00(5.54-8.71) A
Hindsholm et al23 3075 3.99 (3.57-4.44) =
Ip et al24 2337 9.77 (8.77-10.85) i -
Seiffge et al3> 1195 8.90(7.24-10.79) i—-—
Taiwan NHIRD28 1979 6.56 (5.69-7.52) —I-Er
RENO-EXTEND32 1240 7.16 (5.93-8.56) —-:—
Overall pooled incidence, 7.20% per year ‘
(95% Cl, 5.05%-9.34%) , , : ,
0 5 10 15
Annualized risk per year, %
(95% CI)
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McCabe et al JAMA Neurology 2025
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Aetiology of breakthrough strokes

Competing Cardioembolism
(non-AF) stroke despite

aetilogy adequate OAC

large artery atherosclerosis,

«pure» breakthrough strokes

small vessel disease Medication
error

Non-compliance, OAC
paused/stopped for
intervention, wrong dosage
Data from 2946 patients with AF and
breakthrough strokes 31.7%

Insel Gruppe — stroke, afib and anticoagulation Polymeris, Meinel et al INNP 2022 02.10.2025

45



INSELGRUPPE

Anticoagulation before and after a breakthrough stroke

before stroke after stroke

I VKA (240 pts)

peting-risks regression

VKA (810 pts)
QD DOAC
(870 pts)
Switched OAC
BID DOAC 1 , . . ’
(577 pts) I %?DE)OAC 0 180 360 540 720
follow-up time in days
OACunchanged — — — OACchanged
OAC and antiplatelet
antiplatelet
(295 pg) (367 pts)
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Anticoagulation management after breakthrough stroke —
East asian population

Table 2 Outcome Comparisons Among Antithrombotic Strategies After the First Ischemic Stroke Despite DOACs

Warfarin (n=122) vs DOAC,itch (N =477) vs New antiplatelet (n = 249) vs

DOAC..me (reference, n = 1,652) DOAC;;me (reference, n = 1,652) No antiplatelet (reference, n = 1,166)

Median aHR Median aHR Median aHR

follow-up (mo) (95% CI) p Value follow-up (mo) (95% CI) p Value follow-up (mo) (95% ClI) p Value
Ischemic 17 1.96 (1.27-3.02) 0.002 16 1.62 (1.25-2.11) <0.001 17 1.28(0.88-1.84) 0.188
stroke
Intracranial 19 1.51 (0.64-3.54) 0.342 18 1.06 (0.59-1.90) 0.837 19 1.20 (0.54-2.68) 0.654
hemorrhage
ACS 20 1.69 (0.33-8.81) 0.529 18 218 (1.29-3.67) 0.003 19 1.71(0.80-3.66) 0.167
Death 18 1.36 (0.92-2.01) 0122 18 0.98 (0.81-1.19) 0.833 18 1.09(0.84-1.41) 0512

Abbreviations: ACS = acute coronary syndrome; aHR = adjust hazard ratio; Cl = confidence interval; DOAC = direct oral anticoagulant.
MN.B.: Comparisons between antiplatelet regimens were within the DOAC,, .. group.
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Anticoagulation therapy after breakthrough stroke

Composite outcome  Recurrent ischemic stroke

I use of DOAC (vs. VKA) - . |
any anticoagulant switch o .

I addition of antiplatelets —————— —e—— |
Pts with DOAC at the time of the stroke
switch to another DOAC

—&
switch to DOAC with different dosing frequency —— —+—
switch to DOAC with different mechanism of action —— ———

Pts with VKA at the time of the stroke
switch from VKA to any DOAC —-— L an

Pts with competing stroke mechanism
addition of antiplatelets @ ——

Pts with insufficient anticoagulation
switch to DOAC or correct DOAC dose —— ——

Pts with cardioembolism despite sufficient anticoagulation

twice-daily DOAC (vs. any other anticoagulant) ——
T T T T T T T T T

0 1 2 3 4 0 2 4 6 8
Odds ratio Odds ratio

Insel Gruppe — stroke, afib and anticoagulation Polymeris Meinel et al INNP 2022 02.10.2025
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Left atrial appendage (LAA)

TIsSo2 MIDS

LAA thrombus in a patient with
breakthrough stroke at Inselspital Bern

Insel Gruppe — stroke, afib and anticoagulation Romeri et al Nat Rev Cardiology 2014, Rinkel et al ESJ 2023 02.10.2025 49
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Amputation and suture

Epicardial device

.

Stapler

WATCHMAN
Percuta
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Left Arrial Appendage Owclusion during Cardiac Surgery
o Prevent Stroke

LAAOS-III — first evidence to combine LAAO with

anticoagulation
100
. LAAOS I” . 90+ 1(9): No Occlusion
Randomised, controlled trial 0 8-
X 79 Occlusion
g 707 6-
. . . = 5
Patients with AF undergoing 2 0 o]
£ 50 3
open heart surgery 2 ” 2 Hazard ratio, 0.67 (95% Cl, 0.53-0.85)
5 N 14 P=0.001
§ 207 3 12 24 36 58 60 72
LAAOQO vs. no LAAO 201
10
Continue medical therapy T 5 L B 2 % % & % % & & %
Months since Surgery
9% with pl'iOI' stroke 2391 2134 2081 2030 1981 1897 1607 1291 1016 751 540 348 205

2379 2163 2105 2059 2020 1948 1642 1322 1046 781 550 349 199
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Left Arrial Appendage Owclusion during Cardiac Surgery
o Prevent Stroke

Benefits of LAAO + anticoagulation

Table 3. Unadjusted Cox Proportional Hazards Landmark Analyses Beginning at Hospital Discharge for
Outcome of Major Bleeding According to Oral Anticoagulation Use During Follow-Up (Table view)

Left atrial appendage No left atrial appendage
T occlusion occlusion
Rate/100 Rate/100 | Hazard
person- person- | ratio (95%

Landmark Events/patients years Events/patients years | Cl) Pimaramiog
On oral 116/1434 2.2 129/1453 25 0.91 0.88
anticoagulant at all (0.70-

5 visits 1.16)
On oral 92/722 3.5 88/679 34 1.00
anticoagulant at (0.74-
1%—99% visits 1.34)

0

o0

Percent (%) on OAC
2

w0

On oral 39/217 7.5 48/255 7.7 0.95

o..\ _\.,;«» & _@o & *oo JL.I;a» w‘b‘* anticoagulant at no (0.62—

N at a2 a2 »e visits 1.45)
Follow-up

LAAOS lII:

Surgical LAAO (+/-OAC) = 33% risk reduction for SE and ischemic stroke
Stroke risk reduction independent of OAC use

Insel Gruppe - stroke, afib and anticoagulation Whithlock et al NEJM 2021, Connolly et al CIRCULATION 2023 02.10.2025 52




JAMA Neurology | Original Investigation

m Left Atrial Appendage Occlusion vs Standard of Care
INSELGRUPPE After Ischemic Stroke Despite Anticoagulation

Mondek Maarse, MD, PhD; David J. Seiffge, MD; David J, Werring, MD, PhD; Lucas V. &, Boersma, MD, PhD;
and the STR-DWE LAAD Group; for the RAF, RAF-DOAC, CROMIS-2, SAMURAI, NOACISP, Erlangen Registry,

LAAO in «breakthrough stroke» patients "™

M aC hte d _ CO h O rt Stu d y Figure 1. Flowchart of Patient Inclusion

Patients with nonvalvular atrial fibrillation and increased risk for
stroke who had thromboembolic events despite prior OAT

Patients with AF and breakthrough — — |
stroke who continued OAC | |

—-| 53 Death <90 d follow-up | — 6 Follow-up duration <3 mo

v
1142 Follow-up duration >3 mo I ‘ 433 Follow-up duration >3 mo |

Patients with AF and breakthrough |
stroke/LAAO thrombus who received L

2 Patients with missing data

v

LAAO (+/- OAC) e |

‘ Propensity score matching |

)
P rl m ary O UtCO m e 433 Patients in the OAT-alone

recurrent ischemic stroke

433 Complete cases for matching
variables

¥
‘ 433 Patientsin the STR-0AC ‘

LAAO cohort

Insel Gruppe — stroke, afib and anticoagulation Maarse, Seiffge et al JAMA Neurology 2024 02.10.2025 53
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Table 1. Baseline Characteristics After Propensity Score Matching

Matched patients
0AT-alone Unmatched patients
STR-0AC LAAD control cohort in the DAT control
(n = 433), (n = 433), cohort (n = 707),
Characteristic No. (%) No. (%) Pvalue SMD No. (%)
Event under QAT use NA NA
(index event)
Ischemic stroke 265 (61) 398 (92) 653 (92)
TIA 75(17) 35(8) 54 (8)
SE 16 (4) NA NA
LAA thrombus 77 (18) NA NA
QAT before index event”
NOAC 242 (56) 191 (44) 001 NA 350(50)
VKA 216 (50) 242 (56) .09 NA 357 (51)
OAT adequate before 400(92) 246 (57) <.001
index event
Age, mean (SD), y 71.8(9.4) 72.7(9) Al -0.09 80.9(6.5)
Gender 33 0.07
Female 171(39) 156 (36) 373(53)
Male 262 (61) 277 (64) 334 (47)
AF type NA NA
Paroxysmal 166 (38) 72(17) 100 (14)
Persistent 75(17) 158 (36) 232(33)
Permanent 180 (42) 8(2) 22(3)
Not specified 12(3) 210 (48) 353 (50)
CHAZ2 DS2-VASC score, 5(1.6) 5.1(1.5) .29 -0.07 5.5(1.4)
mean (SD)
Hypertension 332(76) 355 (82) 07 -0.13 628 (89)
Diabetes 108 (25) 98 (23) A7 0.05 319 (45)
Congestive heart failure 103 (24) NA NA NA NA
Vascular disease 172 (40) NA NA NA NA
HAS-BLED score, mean (SD) 2.8(1.3) NA® NA NA NA
History of ICH 41 (10) 5(2) <.001 NA 11(2)

JAMA Neurology | Original Investigation

Left Atrial Appendage Occlusion vs Standard of Care
After Ischemic Stroke Despite Anticoagulation

Mondek Maarse, MD, PhD; David J. Seiffge, MD; David J, Werring, MD, PhD; Lucas V. &, Boersma, MD, PhD;
and the STR-DWE LAAD Group; for the RAF, RAF-DOAC, CROMIS-2, SAMURAI, NOACISP, Erlangen Registry,

and Vierona Registry

Figure 2. Medication Use for Members of the STR-OAC LAAO Cohort
During the First and Last Follow-Up

‘ [INone [[]APT [ 0APT [IOAT [l OAT+APT

First
(n=410) 2|_ 29
Last [ e . -
(h=210) 5 | 47 7 | E
0 20 40 60 80 100

Medication use, %

APT indicates antiplatelet therapy; DAPT, dual antiplatetet therapy; OAT, oral
anticoagulation therapy.

Insel Gruppe — stroke, afib and anticoagulation

Maarse, Seiffge et al JAMA Neurology 2024

02.10.2025
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Recurrent stroke reduction in breakthrough stroke with
LAAO

Figure 3. Kaplan-Meier Curves and Relative Risk Reductions (RRRs)

[A] 1schemic stroke STR-OAC LAAO cohart
124 124 W Predicted [ Observed
Log-rank P<.001 OAT
@ 104
= 10
= RRR
o 84 54%
B 8
z STR-0AC LAAOD — %
Y 4,_,—‘_,—, z °
= = RRR
5 E 79%
o 2 r w 4 RRR
a 73%
D 4
0 90 180 270 360 450 540 630 720 3
Follow-up, d
No. at risk 0 R K K
OAT 433 414 191 180 165 153 147 140 78 '“'“EL“" '5;'“3"“5 . bl’“;lj")r
STR-OACLAAD 433 407 369 327 299 239 214 197 185 stroke stroke/TIA/SE eeding

A, Primary outcome was ischemic stroke in the STR-OAC Left Atrial Appendage ischemic attack (TIA), and systemic embolism (SE); and nonprocedural major
Occlusion (LAAO) group vs oral anticoagulation therapy (OAT) group (control). bleeding were calculated and compared with predicted event rates based on
B, Observed annualized event rates (total number of events per patient-yearsof ~ CHA2 D52-VASc and HAS-BLED scores®™#? for the STR-OAC LAAO cohort.
follow-up) for ischemic stroke; the composite of ischemic stroke, transient

LAAO in breakthrough strok

percoutaneous LAAO (+/-OAC) seems to have the same risk reduction as in LAAOS Il
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“Early Closure of Left Atrial Appendage for Patients With Atrial
Fibrillation and Ischemic StrokE Despite Anticoagulation Therapy”

An international, multicentre, prospective, randomized, controlled, two-arm parallel group, blinded endpoint

adjudicated, superiority, adaptive clinical trial (PROBE)

482-1000 patients with breakthrough stroke Sponsor- Prof. Dr. med. L. Raber, PhD (Cardiology PI)
(adaptive design) Investigator: Prof. Dr. med. D. Seiffge (Neurology PI)
|
y y Leading Center: Inselspital Bern, Bern University Hospital
DOAC therapy 1:1 DOAC + LAAO
Clinicaltrials.gov: NCT05976685
Primary endpoint: ENS NF|
° Recurrent StrOke FONDS NATIONAL SUISSE 1
. Systemic embolism SCHWEIZERISCHER NATIONALFONDS WWW. elapse't”al . Ch
. FONDO NAZIONALE SVIZZERO
° Cardiovascular death Swiss NATIONAL SCIENCE FOUNDATION
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ELAPSE — an international effort @

Israel
Germany .
Prof. R. Wachter, MD PhD (Cardiology) Switzerland E:g: EBSQEthMg?égigflogy)
. . Prof. Ch. Nolte, MD PhD (Neurology) Prof. L. Réaber, MD PhD (Cardiology) T ’ 9.
United Kingdom . Prof. D. Seiffge, MD (Neurology) —
Prof. D. Hilldick-Smith, MD (Cardiology) - Prof. U. Fischer, MD (Neurology) XX
Prof. D. Werring, MD PhD (Neurology) [
NN L R. Galea, MD (Cardiology)
T. Meinel, MD PhD (Neurology) New Zealand
2] N

Prof. P. Adamson, MD (Cardiology)
Prof T. Wu, MD (Neurology)

7.3%
’ u

Total: 35 participants

Belgium
Prof. A. Aminian, MD PhD (Cardiology)
Prof. R. Lemmens, MD PhD (Neurology)

Spain

Prof. X. Freixa Rofastes, MD PhD (Cardiology)
Prof. J. Marti Fabregas MD PhD (Neurology)

—
&
—
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Permanent carotid coil filter

Pulling wire

External anchor
Helix

Internal anchor

Supporting coils

Filtering portion Leading coils

The Vine™
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Bilterale carotid artery filters

« CAPTURE 1

» First in-human study, 25 participants
« CAPTURE 2

» Safety study, 81 participants

CENTRAL ILLUSTRATION: A Percutaneous Carotid Coil Filter for Stroke
Prevention in Atrial Fibrillation

First-in-Human CAPTURE Trial
* CHA,DS,-VASC = 4.4
= Prior embolism in 48%
« Multiple prior strokes in 12%
= Successful bilateral deployment in 92%
« Major device/procedure -related adverse
events in 0%

* No in situ thrombus formation

« 5 thrombi on filter in 4 patients

= In 1 patient, 2 device/procedure-unrelated
minor strokes

|
l

Stroke-causing thromboembolus
trapped on way from heart to brain

e 2 phases (first 10 patients, second 71 patients) — major change in implant

design conn |
-J fA\\\n*"f E i_l N s b U U @ N\ /" \%itt'b. / \!

21-23 MAY 2025
HELSINKI, FINLAND

72 D
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INTERCEFT

“Carotid Implants for PreveNtion of STrokE ReCurrEnce from Large Vessel Occlusion in Atrial Fibrillation
Patients Treated with Oral Anticoagulation (INTERCEPT)”

An international, multicentre, prospective, randomized, controlled, two-arm parallel group, blinded endpoint adjudicated, superiority, adaptive

clinical trial (PROBE)

/ \ Bilateral i R 4 Powered
Study population ca mt"'j filters - Primary efficacy secondary
(estimated N=2,000) + clopidogrel | ~45 | endpointanalysis | 4~25 efficacy endpoint
Wi et - I 6 thent) | months months analysis *
ain inclusion criteria: e P et
1. Clinical AF i Y & ™
: Anterior circulation ) )
2. Stroke within 1 year = lSEhemiE ok adin Total ischemic
3. Receiving OAC No to LVO 251”0*@
\ / carotid filters (48 events) (251 events)
_ > _ J
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INTERCEPT (NCT05723926)

ELAPSE (NCT05976685)

LAAOS-4 (NCT05963698)

Intervention

Comparator

Sample size

Estimated percentage of
patients with breakthrough
strokes

Primary endpoint

Follow-up

Current status

Permanent bilateral carotid artery filter
on top of DOAC therapy (plus
antiplatelet therapy for 6 months)

Standard DOAC therapy
2000 participants

66%

Large vessel anterior circulation
ischemic stroke

44 months

Vanguard trial in preparation

DOAC=direct oral anticoagulant therapy.

Percutaneous left atrial appendage
occlusion (any approved device) on top of
DOAC therapy (plus antiplatelet therapy for
6 weeks)

Standard DOAC therapy

482 participants (adaptive design)
100%

Composite of ischaemic stroke, systemic
embaolism, and cardiovascular death

Minimum & months, and maximum
48 months

First patient recruited in Q1/2024

Percutaneous left atrial appendage
occlusion with device

Local, standard medical care (any
anticoagulation)

4000 participants

Unknown (patients with breakthrough
stroke are eligible among other patients
at high risk of stroke)

Compeosite of ischaemic stroke and
systemic embaolism

4 years (estimated average)

First patient recruited in Q42023

Table 3: Trials in patients with atrial fibrillation and stroke despite anticoagulation therapy

Insel Gruppe — stroke, afib and anticoagulation

Seiffge et al Lancet Neurology 2024

02.10.2025
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Conclusions

"y ELQ&?E

* AF-associated stroke frequently LVO and severe stroke , anticoagulation reduces risk of stroke

» Atrial fibrillation is one of the most frequent causes of stroke

» Stroke specific management:

 Timing of DOAC after recent stroke: can (should?!) be started early (<4 days, evidence from 4
RCTs!)

 Use of IVT in patients on DOACs: Current guidelines recommend AGAINST use of IVT,
observational data suggest low risk of sICH and potential clinical benefit (RCTs ongoing)

« Management after «breakthrough stroke»: changing DOAC/adding antiplatelts is not benenficial,
new options include LAAO and permanent bilateral carotid filters on top of DOAC (RCT ongoing)

Insel Gruppe — stroke, afib and anticoagulation 02.10.2025 62
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