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Why change the existing protocol?

Did not address:

LVO 6-24hrs from 
LSN

Stroke of 
unknown time of 
onset



Management of LVO 6-24hrs from LSN

DAWN

DEFUSE-3



Dawn Trial

NNT 2.8



DEFUSE 3 Trial

NNT 3.6



In routine clinical practice, what is the impact?

0-6hr window 6-24hr window

N 238 (54.5%) 199 (45.5%)

CTA or MRA 221 (92.9%) 127 (63.8%)

LVO 82 (34.5%) 44 (22.1%)

thrombectomy 30 (12.6%) 8 (4%)

mRS </= 2 11 (36.6%) 4 (50%)

Neuroradiology. 2021 Apr;63(4):603-607. doi: 10.1007/s00234-020-02531-8. Epub 2020 Sep 15.



Stroke of known time of onset

Time of onset of stroke is known when:

1) the patient is able to provide history

2) the onset of symptoms was witnessed

When the time of onset of stroke is known, 

 last seen normal (LSN) = time symptoms noted (TSN) = 
time of stroke onset (TSO) 



Stroke of unknown time of onset

Almost 33% of all patients with ischemic stroke 
have unknown time of stroke onset

Most have symptoms noted upon awakening

Others have unwitnessed stroke onset and the patient 
cannot provide a time of symptom onset

Historically, excluded from IV lytic



Thrombolytic therapy for patients who wake-up 

with stroke
Andrew D Barreto 1, Sheryl Martin-Schild, Hen Hallevi, Miriam M Morales, Anitha T 
Abraham, Nicole R Gonzales, Kachi Illoh, James C Grotta, Sean I Savitz

 Two symptomatic intracerebral hemorrhages occurred in treated 
WUS (4.3%). 

 Adjusting for NIHSS imbalance, treated WUS had higher rates of 
excellent (14% vs 6%; P=0.06) and favorable outcome (28% vs 
13%; P=0.006), but higher mortality (15% vs 0%) compared to 
nontreated WUS. 

 A second comparison adjusting for baseline NIHSS between 
treated WUS and 174 intravenous tissue plasminogen activator 
patients treated within 3 hours of symptoms showed no significant 
differences in safety and clinical outcomes.

Stroke 2009 Mar;40(3):827-32. doi: 10.1161/STROKEAHA.108.528034. Epub 2009 Jan 8.
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The WAKE UP Trial –RCT IV alteplase vs placebo

 Stroke symptoms upon waking up, or were unable to report the 

time of onset, and it was at least 4.5 hours since LSN

 MRI showed an acute ischemic lesion on diffusion-weighted 

imaging but no parenchymal hyperintensity with standard window 

settings on FLAIR

 Excluded if hemorrhage (n=87)

 Excluded if >1/3 MCA territory on DWI (n=45)

 Excluded if thrombectomy planned (n=15)

 Excluded if NIHSS >25

 Excluded if standard contraindication to IV alteplase 
The WAKE UP Trial: Thomalla G, Simonsen CZ, Boutitie F, et al. MRI-Guided Thrombolysis 

for Stroke with Unknown Time of Onset. The New England journal of medicine. 2018; 
379(7):611-622. PMID: 29766770

MRI-Guided Thrombolysis for Stroke with Unknown Time 
of Onset

http://www.ncbi.nlm.nih.gov/pubmed/29766770


 Of the 1362 patients screened:

 455 were excluded for FLAIR lesion 

 137 were excluded because the DWI was negative

 The median NIHSS score on arrival was 6. 

 89% of patients had wake up strokes. 

 The median time between symptoms noted and alteplase 

was 3.1 hours. 

 The median time between LSN and alteplase was 10 hours.

The WAKE UP Trial –RCT IV alteplase vs placebo

MRI-Guided Thrombolysis for Stroke with Unknown Time 
of Onset



The WAKE UP Trial –RCT IV alteplase vs placebo

 No safety concern

 2.4% sICH (ns)

 NNT <9

 THAWS trial also 
used MRI, but low 
dose alteplase and 
terminated early 
with no difference 
in outcome

MRI-Guided Thrombolysis for Stroke with Unknown Time 
of Onset



Intravenous thrombolytic treatment and endovascular 
thrombectomy for ischemic wake-up stroke (Review)

Cochrane Database of Systematic Reviews 
2021, Issue 12. Art. No.: CD010995



EXTEND trial

4.5 – 9 hrs from onset or awakening with 
symptoms

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.

No plan for thrombectomy



EXTEND trial

10% - 4.5 – 6 hrs

25% - 6 – 9 hrs

65% - WUS



EXTEND trial



Meta-analysis of EXTEND, ECASS4-EXTEND, and EPITHET



Patients with wake-up stroke should be evaluated with same 

urgency as a patient presenting within the window for IV alteplase, 

because those with DWI+/FLAIR- pattern can benefit from 

treatment. 



New initial destination protocol for stroke



New initial destination protocol for stroke



New initial destination protocol for stroke







Hematoma expansion – time from onset of ICH

 Multivariate modeling of HE-
predictors showed that the 
predicted probability for HE 
declined at increasing time 
from onset to diagnostic 
imaging. 

 The decline was steepest 
between 0.5 and 3 h, indicating 
that HE is much more probable 
within the first 3 h.

 Ongoing bleeding beyond 4 
hours of symptom onset is 
uncommon



Efficiency of advanced imaging to determine eligibility

mean interval between CT 
and MRI of 1.83 h



Stroke Destination Protocol

 unanimously approved by the LERN Board on 11/16/2023

 protocol will go live on January 1, 2024

 LERN Communication Center (LCC) medics have received 

education

 LCC medics have practiced using the new Protocol

 Destination recommendation changed in 6/237 cases



Where are the resources?



MRI 24/7 with tech call schedule for off hours and 
weekends



New data requirements –Which hospitals?

All PSCs, PSC-Es, TSCs, and CSCs

Patients who present within 3.5 hrs. of time symptoms 
noted (TSN) who have an unknown time of stroke onset 
(TSO)

New data requirements –Which patients?



New data requirements –What variables?

 - known Time of Stroke Onset (drop down with yes or no); centers with 24/7 endovascular 
services should ONLY include patients for whom the answer is no

 - Last Seen Normal (military time) only if known, otherwise left blank; PSCs without 24/7 
endovascular services are already providing this

 - Time Symptoms Noted (military time)

 - Arrival time at door (military time); PSCs without 24/7 endovascular services are already 
providing this

 - Mode of arrival; PSCs without 24/7 endovascular services are already providing this

 - NIHSS; PSCs without 24/7 endovascular services are already providing this

 - Imaging used to determine eligibility for IV lytic (drop down for CT, CTP, MRI)

 - Time imaging for unknown stroke onset completed (military time)

 - Time of IV lytic administration (military time)

 - Reason why unknown stroke onset presenting <3.5 hours from Time Symptoms Noted was 
not treated with IV lytic (drop down with established stroke on CT, no/small penumbra on 
CTP, stroke on FLAIR, hemorrhage on imaging, stroke mimic, refusal, other standard IV lytic 
contraindication, arrived <3.5 hours but unable to treat <4.5 hours)



New data requirements –what are the goals?

 learn how patients with unknown time of stroke onset are 

being evaluated and treated

 establish benchmarks for ASRHs

 strive for a 45 minute turnaround time



Phase 1 Target DIDO – how are we doing?

US GWTG data - interhospital transfer for acute stroke, the median door-

in-door-out time was 174 minutes

 21 690 with acute ischemic stroke eligible for endovascular therapy



Q3/Q4 2022 data from 

PSC

ALL <24hrs from LSN 

& LVO screen+

N=148

Q1/Q2 2023 data from 

PSC

ALL <24hrs from LSN 

& LVO screen+

N=97

Q3/Q4 2022 data from 

ASRH

ALL <24hrs from LSN

N=2094

Q1/Q2 2023 data from 

ASRH

ALL <24hrs from LSN

N=2097

% arriving by 

ambulance

71.6%

106/148

74.2%

72/97

44.2%

925/2094

41.5%

861/2076

NIHSS, median 

(range), [IQR]

16 (0-39)

[7-21]

139/148, 93.9%

13 (1-33)

[6-18]

95/97, 97.9%

2 (0-44) [1-7] 

n=1880, 89.8%

LVO+ 13 (0-44), [5-12], 

n=197

LVO – 2 (0-42), [1-6], 

n=1595

2 (0-42) [1-6]

N=1984, 94.6%

% screened for 

LVO

100% 100% 93.3% 

1893/2030

97.8%

1991/2035

Method of LVO 

screening

Not required of PSCs Not required of PSCs VAN, 50.9

CTA, 27.5

Both, 14.2

Other clinical, 6.1

Other vascular, 1.2

VAN, 51.9

CTA, 29.1

Both, 12.7

Other clinical, 5.2

Other vascular, 1.0

% LVO screen 

positive

100% 100% 11.1%

209/1888

9.2%

182/1983



Q3/Q4 2022 data from 

PSC

ALL <24hrs from LSN 

& LVO screen+

N=148

Q1/Q2 2023 data from 

PSC

ALL <24hrs from LSN 

& LVO screen+

N=97

Q3/Q4 2022 data from 

ASRH

ALL <24hrs from LSN

N=2094

Q1/Q2 2023 data from 

ASRH

ALL <24hrs from LSN

N=2097

Door in-Decision, 

median (range)

50 (0-700)

[21-100]

N=107

42 (4-171)

[27-63]

N=95

57 (0-269)

[32-97]

N=133

55 (0-356)

[30-90]

N=114

Decision-to-transfer 

request, median (range)

3 (0-124)

[0-10]

N=106

0 (0-76)

[0-4]

N=93

0 (0-103)

[0-6]

N=128

0 (0-209)

[0-9]

N=113

Door in-transfer 

request, median 

(range), [IQR] minutes

51 (1-710)

[31-103]

N=103

45 (4-187)

[30-64]

N=94

66 (5-455) 

[39-112]

N=133

64 (0-374)

[35-108]

N=122

Transfer request-to-

Acceptance, median 

(range)

(0-908)

[3-43]

N=98

14 (0-209)

[3-30]

N=92

20 (0-342)

[5-50]

N=135

28 (0-238)

[10-51]

N=119 

Acceptance-to-EMS on 

scene, median (range)

31 (0-270)

[16-50]

N=66

36 (0-177)

[12-60]

N=52

45 (0-476)

[34-65]

N=97

43 (0-177)

[27-64]

N=92

EMS on scene-to-door 

out, median (range)

14 (0-451)

[7-24]

N=73

12 (0-55)

[7-17]

N=55

3 (0-67)

[0-11]

N=98

10 (0-113)

[3-14]

N=92

Acceptance-to-door 

out, median (range)

47 (0-310)

[32-66]

N=104

46 (7-186)

[27-74]

N=92

53 (0-476)

[41-80]

N=138

53 (6-186)

[34-77]

N=120

Transfer request-

departure, median 

(range), [IQR] minutes

66 (27-943)

[48-96]

N=98

66 (7-290)

[42-99]

N=93

78 (10-477) 

[59-133]

N=134

88 (7-405)

[59-125]

N=122

Door in-door out time, 

median (range), [IQR] 

minutes

131 (39-1284)

[95-224]

N=116

20.7% met target

120 (32-328)

[88-164]

N=96

28.1%

152 (50-711)

[115-244]

N=142

9.9% met target

165 (55-481)

[120-226]

N=124

11.3% met target



One example of successful DIDO remediation
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ED 
Coordinato
r

ED Provider

LCMC Transfer Center (Tulane TeleStroke)

Pt info-Level-VAN+ (susp LVO) or Hemorrhage
What’s open south (New Orleans area)? 

EMS
Weight, pt info, equipment 
Fly south (New Orleans area), Lafayette or 
Shreveport?
Air Med (ETA should be 25 min) or  Air Evac- ETA? 
No fly- Critical Care Truck
RRMC Transfer Center (LCMC no bed or can’t fly to New Orleans)

Will need to know “suspect” or “confirmed”
Pt info-VAN+(suspect LVO) or Hemorrhage, MD, neurologist,
LKW, NIHSS with specific deficits, GCS, can’t fly New Orleans area

LERN
Needs pt info, VAN+ or confirmed or Hemorrhage, MD, 
Neurologist,
LKW, NIHSS with specific deficits, GCS, can’t fly New Orleans area

LVO or Hemorrhagic Stroke 
Rapid Transfer

RRMC Transfer Center



Questions?



Stroke: Case Study 1

Scene Town of Zachary North LA EBR EMS 

@06:27 EM-7 to LERN Stroke report

History of Presenting Condition

61 year old male @ 06:12 while eating breakfast experienced 
sudden onset slurring of speech, facial droop on his left with 
weakness in left side upper and lower limbs. His’s wife Mary 
spotted these sudden onset of symptoms and immediately 
called for an ambulance, which arrived within 15 mins.



Stroke: Case Study 1

Pre-Hospital Assessment

Vitals: BP 140/90 mmHg Pulse 75 RR: 22 SpO2 98% RA GCS 14 CBG: 180
B.F.A.S.T
Left Facial Droop
Left Motor Weakness: Upper Limb no muscle activation, arm falling 
quickly. Lower Limb can move the limb, but unable to lift against gravity. 
Slurred Speech
VAN
Vision RT gaze preference
Aphasia none
Neglect can’t fell touch on the left



Stroke: Case Study 1

Time of onset know?

What Is the TSO, LSN and TSN?

ETE to Lane 8 minutes

ETE to OLOL 30 minutes 

LCC destination recommendation?

Apply the protocol



Stroke: Case Study 1



Stroke: Case Study 1

Hospital Management 

CT 
Hyperdensity in the M1 Segment of the Right Middle Cerebral 
Artery, with no other signs suggestive of an Ischemic Stroke 
noted.
Provisional diagnosis of Acute Ischemic Stroke secondary to 
occlusion of the M1 was made.
Patient was treated with intravenous Tissue Plasminogen 
Activator (tPA).
Transferred to OLOL Endovascular Thrombectomy Initiated at 3hr



Stroke: Case Study 2

Scene Town of Lake Charles LA AASI 
@09:10 U-401 to LERN Stroke report

History of Presenting Condition
58 year old male old male awoke at 6:00 and was at work by 7:00. 
Co-workers had witnessed patient and seemed normal that AM.  
Found sitting on a pallet at 9:00 and when co-worker attempted 
to find out what was wrong –co-worker questioned patient and 
speech was gibberish, he noted left sided facial droop and arm 
weakness.
911 called Co-worker notified wife 



Stroke: Case Study 2

Pre-Hospital Assessment

Vitals: BP 160/100 mmHg Pulse 80 RR: 20 SpO2 97% RA GCS 13 CBG: 98

No blood thinners 

B.F.A.S.T

Left Facial Droop

Left Motor Weakness: Upper Limb no muscle activation, arm falling quickly. Lower 
Limb can move the limb, but unable to lift against gravity. 

Slurred Speech

VAN

Vision RT gaze preference

Aphasia cannot follow commands 

Neglect normal



Stroke: Case Study 2

Time of onset know?

What Is the TSO, LSN and TSN?

LCC destination recommendation?

Apply the protocol



Stroke: Case Study 2



Stroke: Case Study 2

Hospital Management

CT 
Negative
NIH 13
Patient was treated with intravenous Alteplase NIH 
remained 13 and high suspicion of LVO. CT perfusion CT 
angio
Transferred to Lourdes for Endovascular Thrombectomy 
Upon arrival NIHSS –16



Stroke: Case Study 3

Scene Town of LaPlace LA AASI 
@07:30 U-62 to LERN Stroke report

History of Presenting Condition

63 year old right handed male, went to bed at 10pm. 
Patient did not show up to work who notified daughter at 
0700 and she went to house and found father in bed with 
stroke symptoms ( dysarthria , left hemiplegia and right 
gaze preference)



Stroke: Case Study 3

Pre-Hospital Assessment

Vitals: BP 188/110 mmHg Pulse 72 RR: 18 SpO2 98% RA GCS 13 CBG: 98

No blood thinners 

B.F.A.S.T

Dysarthria

Left Facial Droop

Left Motor hemiplegia: Upper Limb no muscle activation, arm falling quickly. 
Lower Limb unable to lift against gravity. 

VAN

Vision RT gaze preference

Aphasia cannot follow commands 

Neglect normal



Stroke: Case Study 3

Time of onset know?

What Is the TSO, LSN and TSN?

LCC destination recommendation?

Apply the protocol



Stroke: Case Study 3



Stroke: Case Study 3

Hospital Management 

CT 

Negative

NIH 13

Patient was treated with intravenous Alteplase NIH 
remained 13 and high suspicion of LVO. CT perfusion 
CT angio

Admitted for thrombectomy



Stroke: Case Study 4

Scene Town of Jennings, LA AASI 
@08:40 U-28 to LERN Stroke report

History of Presenting Condition

72 year old male, went to bed at 9pm and had spoken to his 
son on the phone. Patient did not answer phone at 0800 and 
son went to house and found father in bed with stroke 
symptoms @0830. Father is able to report he got week on 
the left side could not get out of bed and had a headache 
shortly after awaking @0700.



Stroke: Case Study 4

Pre-Hospital Assessment

Vitals: BP 158/98 mmHg Pulse 68 RR: 16 SpO2 95% RA GCS 15 
CBG: 110
No blood thinners 
B.F.A.S.T
Slurred speech
Left Facial Droop
Left Motor hemiparesis: Upper Limb mild drift. Lower Limb able 
to lift against gravity but also week.
VAN negative



Stroke: Case Study 4

Time of onset know?

What Is the TSO, LSN and TSN?

LCC destination recommendation?

Apply the protocol



Stroke: Case Study 4



Stroke: Case Study 4

Hospital Management 

LCC notified acute VAN negative stroke

Upon arrival NIHSS –16

CT 

Old lacunar on the right

Patient not a candidate for IV lytic. CT perfusion CT 
angio and admitted to hospital.



Stroke: Case Study 5

Scene Town of Alexandria LA AASI 
@15:32 U-210 to LERN Stroke report

History of Presenting Condition
59-year-old Hispanic man presented with right upper and 
lower extremity weakness, associated with facial drop and 
slurred speech. Patient had breakfast with family at 8:30.  
They dropped him off at home at 9:30.  Family called 911 at 
3:00PM.  Patient denied visual disturbance, headache, chest 
pain, palpitations, dyspnea, dysphagia, fever, dizziness, loss 
of consciousness, bowel or urinary incontinence, or trauma.



Stroke: Case Study 5

Pre-Hospital Assessment

Vitals: BP 184/102 mmHg Pulse 80 RR: 18 SpO2 
97% RA GCS 15 CBG: 90 

No blood thinners 

B.F.A.S.T

VAN negative



Stroke: Case Study 5

Time of onset know?

What Is the TSO, LSN and TSN?

LCC destination recommendation?

Apply the protocol



Stroke: Case Study 5



Stroke: Case Study 5

Hospital Management 

Upon arrival NIHSS –7

CT 

 Initial CT angiogram of head and neck reported no 
acute intracranial findings

MRI of the head revealed an acute 1.7-cm infarct of 
the left periventricular white matter and posterior left 
basal ganglia.


