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OBJECTIVES 

• To discuss what fast DTN 
needs for fast endovascular
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The neuron…
In a typical large vessel 
acute ischemic stroke…

1.9 million neurons 
14 billion synapses 
12 km of myelinated 
fibers 

are destroyed each 
minute…
(Saver et al, 2006)

5 min ~ 10 million neurons, 
60km of wires
10 min ~ 20 million neurons, 
120km of wires
15 min ~ 30 million neurons, 
180 km of wires…



Time and outcome
[Lees et al. Lancet 2010; 375: 1695–1703]

9



Shorter DTN = better outcomes

l Every 15 min drop in DTN 
associated with a 5% reduction in 
mortality (OR 0.95; p<0.0001)

l Those with DTN < 60 min have 
reduced risk of intracranial 
hemorrhage 4.7% vs 5.6%

Fonarow et al, Circulation 2011, 
123:750-758
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Figure 3. Secondary Efficacy and Safety Outcomes of Endovascular Therapy vs Standard Therapy

Functional independence (modified Rankin Scale score 0–2) at 90 dA

P Value Weight, %

Favors
Standard
Therapy

Favors
Endovascular
Therapy

101.00.1
Odds Ratio (95% CI)

Source Odds Ratio (95% CI)
.40 14.6SYNTHESIS,26 2013 0.84 (0.55–1.27)76/181 84/181
.82 8.6MR RESCUE,27 2013 0.90 (0.36–2.25)12/64 11/54
.55 15.6IMS III,28 2013 1.11 (0.79–1.55)177/415 86/214
.001 14.7MR CLEAN,29 2015 2.05 (1.36–3.09)76/233 51/267

<.001 13.9ESCAPE,30 2015 2.73 (1.71–4.37)87/164 43/147
.009 7.8EXTEND-IA,31 2015 3.75 (1.38–10.17)25/35 14/35
.001 12.4SWIFT-PRIME,32 2015 2.75 (1.53–4.94)59/98 33/93
.02 12.5REVASCAT,33 2015 1.98 (1.11–3.53)45/103 29/103
.005 100.0Overall 1.71 (1.18–2.49)557/1293 351/1094

I2 = 75.4%, P<.01

Endovascular
Therapy

Events/No.

Standard
Therapy

Events/No.

Symptomatic intracranial hemorrhage within 90 dD

P Value Weight, %

Favors
Endovascular

Therapy

Favors
Standard
Therapy

101.00.1
Odds Ratio (95% CI)

Source Odds Ratio (95% CI)
>.99 17.4SYNTHESIS,26 2013 1.00 (0.41–2.46)10/181 10/181

.79 4.2MR RESCUE,27 2013 1.28 (0.21–7.95)3/64 2/54

.85 30.4IMS III,28 2013 1.07 (0.54–2.11)27/434 13/222

.55 30.0MR CLEAN,29 2015 1.23 (0.62–2.45)18/233 17/267

.63 8.6ESCAPE,30 2015 1.38 (0.38–4.98)6/165 4/150

.29 1.5EXTEND-IA,31 2015 0.19 (0.01–4.08)0/35 2/35

.33 2.7SWIFT-PRIME,32 2015 0.32 (0.03–3.16)1/98 3/97

.27 5.1REVASCAT,33 2015 2.58 (0.49–13.59)5/103 2/103

.56 100.0Overall 1.12 (0.77–1.63)70/1313 53/1109
I2 = 0.0%, P= .82
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Therapy

Events/No.

Standard
Therapy

Events/No.

Revascularization at 24 hC

P Value Weight, %

Favors
Standard
Therapy

Favors
Endovascular
Therapy

101.00.1
Odds Ratio (95% CI)

Source Odds Ratio (95% CI)
<.001 47.3MR CLEAN,29 2015 6.27 (4.03–9.74)141/187 68/207
<.001 36.4ESCAPE,30 2015 5.81 (3.51–9.60)113/156 43/138
<.001 3.7EXTEND-IA,31 2015 22.00 (4.55–106.43)33/35 15/35
<.001 12.6SWIFT-PRIME,32 2015 7.11 (3.03–16.70)53/64 21/52
<.001 100.0Overall 6.49 (4.79–8.79)340/442 147/432

I2 = 0.0%, P= .46

Endovascular
Therapy

Events/No.

Standard
Therapy

Events/No.

Mortality at 90 dB

P Value Weight, %

Favors
Endovascular

Therapy

Favors
Standard
Therapy

101.00.1
Odds Ratio (95% CI)

Source Odds Ratio (95% CI)
.20 12.5SYNTHESIS,26 2013 1.52 (0.80–2.88)26/181 18/181
.48 7.2MR RESCUE,27 2013 0.73 (0.30–1.76)12/64 13/54
.45 25.3IMS III,28 2013 0.86 (0.58–1.28)83/434 48/222
.77 23.1MR CLEAN,29 2015 0.94 (0.61–1.44)49/233 59/267
.03 12.3ESCAPE,30 2015 0.49 (0.26–0.94)17/164 28/147
.18 2.9EXTEND-IA,31 2015 0.38 (0.09–1.59)3/35 7/35
.47 6.8SWIFT-PRIME,32 2015 0.72 (0.29–1.79)9/98 12/97
.58 10.1REVASCAT,33 2015 1.23 (0.59–2.55)19/103 16/103
.27 100.0Overall 0.87 (0.68–1.12)218/1312 201/1106

I2 = 17.7%, P= .29

Endovascular
Therapy

Events/No.

Standard
Therapy

Events/No.

Meta-analyses of endovascular therapy vs standard therapy for outcomes of
functional independence (modified Rankin scale score 0-2), mortality at 90 days,
revascularization at 24 hours, and symptomatic intracranial hemorrhage within
90 days. Size of data marker for each study is proportional to its weight.
Revascularization was defined as angiographic restoration of blood flow at the

site of arterial occlusion within 24 hours of stroke. Revascularization was assessed
at 27 hours in the SWIFT-PRIME32 trial, and this was considered equivalent to
24 hours for the purposes of the present analysis. The revascularization outcome
in this trial was based on successful reperfusion (reperfusion ratio !90%) on
computed tomographic or magnetic resonance perfusion imaging.
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score 0–2 at 24 h; proportion of patients with major early 
neurological recovery at 24 h, defi ned as a reduction in 
NIHSS score from baseline of at least 8 points or 
reaching 0–1; and change in NIHSS score from baseline 
to 24 h. Technical effi  cacy was assessed through the 
degree of revascularisation at the end of the endovascular 
procedure, defi ned using the modifi ed Thrombolysis in 
Cerebral Infarction (mTICI) scale score of 2b 
or 3—corresponding to reperfusion of at least 50% of the 
aff ected vascular territory. Safety outcomes were the 
proportion of patients with symptomatic intracranial 
haemorrhage (as defi ned by each trial), neuroradiological 
parenchymal haematoma type 2 (blood clot occupying 
>30% of the infarcted territory with substantial mass 
eff ect) within 5 days, and mortality within 90 days. 

Statistical analysis
Details of the statistical analysis plan are available in the 
appendix (pp 12–15). To account for between-trial 
diff erences, we used mixed-eff ects modelling with fi xed 
eff ects for parameters of interest such as treatment 
assignment and random eff ects for trial and treatment 
within trial. This model structure was used for all 
statistical analysis a priori, per the statistical analysis 
plan. With this approach, treatment eff ects for each trial 
(t₁, t₂, etc) are not assumed to be deterministically equal, 
but rather drawn from a common distribution centred 
on the overall eff ect across trials. This structure is 
captured by including “trial” and the interaction term 
“trial*treatment” as random eff ects variables in all mixed 
models. We report the overall treatment eff ect and all 
other eff ects using this model, which ensures that 
between-trial variance is incorporated in estimation for 
all parameters, their standard errors, and associated CIs.

For primary analyses we used mixed-eff ects ordinal 
logistic regression to answer the following research 
question: “Do patients with acute ischaemic stroke and 
proximal anterior circulation occlusions have reduced 
disability at 90 days with additional endovascular 
mechanical thrombectomy compared with standard care 
(including intravenous alteplase in eligible patients)?” For 
analyses of the full mRS, we report unadjusted and 
adjusted treatment eff ects using common odds ratios 
(cORs), which are derived from ordinal logistic regression 
and indicate the odds that the intervention would lead to 
improvement of 1 or more points on the mRS in a shift 
analysis. In the adjusted analyses we account for the 
following prespecifi ed covariates: age, sex, baseline stroke 
severity (NIHSS score), site of occlusion (internal carotid 
artery vs M1 segment of middle cerebral artery vs M2 
segment of middle cerebral artery), intravenous alteplase 
(yes vs no), baseline Alberta Stroke Program Early CT 
Score (ASPECTS), and time from stroke onset to 
randomisation. Missing data for baseline covariates are 
reported as percentages and dealt with using prespecifi ed 
rules (appendix p 15). We report overall treatment eff ect as 
number needed to treat by calculating the geometric mean 

of the values derived by the algorithmic joint outcome 
table method and the permutation test.10,11

For secondary analyses, we report rate ratios for 
prespecifi ed effi  cacy and safety outcomes (unadjusted 
and adjusted for the above prespecifi ed covariates) along 
with 95% CIs calculated with either mixed eff ects logistic 
or linear regression as appropriate.

We tested heterogeneity of treatment eff ect by 
prespecifi ed clinically relevant variables on the primary 
outcome (mRS score distribution at 90 days) and two 
secondary outcomes (mRS score 0–2 at 90 days and death 
at 90 days) using a multiplicative interaction term 
(treatment*prespecifi ed variable) and mixed methods 
modelling. Prespecifi ed variables were age, sex, baseline 
stroke severity on NIHSS, time from symptom onset to 
randomisation, baseline ASPECTS, baseline site of 
thrombi, concomitant ipsilateral carotid artery occlusion 
or carotid artery stenosis, and whether a patient received 
(ie, was eligible for) alteplase. We report graphically 
using forest plots for stratum-specifi c treatment eff ects 
along with the p value for the interaction term. We 
reported main eff ects in the text if we found no 

Intervention population 
(n=634)

Control population 
(n=653)

Demographic characteristics

Median age (years) 68 (57–77) 68 (59–76)*

Men 330 (52%) 352 (54%)

Women 304 (48%) 301 (46%)

Past medical history

Hypertension 352 (56%) 388 (59%)

Diabetes mellitus 82 (13%) 88 (13%)

Atrial fi brillation 209 (33%) 215 (33%)

Smoking (recent or current) 194 (31%) 210 (32%)

Clinical characteristics

Baseline NIHSS score 17 (14–20))† 17 (13–21)‡

Baseline blood glucose (mmol/L) 6·6 (5·9–7·8)§ 6·7 (5·9–7·8)¶

Imaging characteristics

ASPECTS on baseline CT 9 (7–10)§ 9 (8–10)¶

Intracranial occlusion location

Internal carotid artery 133 (21%) 144 (22%)

M1 segment middle cerebral artery 439 (69%) 452 (69%)

M2 segment middle cerebral artery 51 (8%) 44 (7%)

Other 11 (2%) 13 (2%)

Treatment details and process times

Treatment with intravenous alteplase 526 (83%) 569 (87%)

Treatment with intravenous alteplase documented 
within 180 min

442 (70%) 462 (71%)

Process times (min)

Onset to randomisation 195·5 (142–260)|| 196 (142–270)*

Onset to intravenous alteplase 100 (75–133)** 100 (74–140)††

Onset to reperfusion 285 (210–362) NA

Data are median (IQR), n (%), or mean (SD). NIHSS=National Institutes of Health Stroke Scale. ASPECTS=Alberta Stroke 
Program Early CT Score. *n=650. †n=631. ‡n=648. §n=620. ¶n=644. ||n=632. **n=598. ††n=618. 

Table 1: Baseline characteristics in the pooled data
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The 30-60-90 metric:
l DTN – 30 minutes
l Door to groin puncture 30 

minutes
l Groin puncture to 

recanalization 30 minutes



Methods- Quality and 
Process Improvement –
now for IA

l Process mapping
l Fishbone Diagrams, swim lane 

charts
l PDSA cycles
l Time in motion study
l Case reviews – every lysis 

assessment every week!
l Intense involvement of 

administration, stroke neurology



Methods- Engagement

l Engaging stakeholders
l Intensive involvement by the ED 
l Diagnostic imaging

l Building relationships
l Education sessions



Process Mapping For 
EMS and Triage



Fishbone Diagram



Access to endovascular therapy



Access to endovascular therapyWhat factors 
determine the 
destination 
primary or comp 
stroke centre?
• Hospital 

system?
• Geography/pro

ximity?
• Time 

(transport and 
door to 
treatment)?

• Quality and 
volume? 

? ?

?

?
??

PSC
CSC



Good Outcome vs. Cost-effectiveness Analysis
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time to EVT 

Examine why in next 
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Yellow becomes grey 
meaning MS ground 

better

Examine why in next 
2 slides
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PATIENT PSC TELESTROKE NEUROLOGIST

ACUTE STROKE NEUROLOGY CONSULT QuICR January 2016

Arrives at PSC

HEADS UP CALL: Charge 
Nurse Calls RAAPID 

indicating: 1) the site that is 
calling; 2) STAT! Stroke alert 
the Telestroke neurologist; 
3) provide ULI, Name, Time 

LSN, and clinical information
RED REFERRAL: IF LAMS >= 

4: Initiative Red Referral 
Process to prepare for 

transport

Completes current tasks and 
prepares for consult. Looks up 

patient history on NetCare

Obtains NCCT 
Scan

Care Team (nurse, ED 
doc etc) SWARMS 
patient to assess 
readiness for CT.
ER Physician (or 

nurse if physician is 
delayed) completes 
clinical exam, and 

patient moves directly 
to CT scanner.  

Reviews CT images and 
patient clinical exam via 

phone conversation with ED 
physician

DI Completes NCCT 
Scan. DI pushes CT 

images to PACS.  
TARGET: Door to CT 
(first slice) < 10 min

Obtains CTA 
Scan

Treat patient with 
tPA

TARGET: CT to 
tPA < 20 min

Patient is en route.  EMS 
pre-notifies PSC of STAT! 

Stroke (1 or more Red 
Findings)

ER Nurse receives notification and alerts team 
(nurse, ER physician, radiologist, DI) of 

incoming acute stroke. TeleHealth equipment is 
stated.

ER (Triage) Nurse completes LAMS Score and 
obtains patient name and ULI

DI tech completes CTA and 
pushes images to PACS

In Parallel: 
Blood Draws 

and ECG

Patient is moved 
to space with 

Telehealth 
equipment

Connect to 
Telehealth 

equipment and 
facilitate 

telehealth 
consult

Treat with 
tPA?

Yes

Complete neuro exam via 
telehealth equipment. 

Review CTA images 
and make decision to 

transport for EVT
Transport 
for EVT?Admit patient NoPatient is readied for 

fast transport for EVT 
with waiting 

EMS/STARS. TARGET: 
fastest transport 

possible Yes

Patient is 
transported to 
CSC for EVT

No

EVT?

Yes No
Yes
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meaning maximize 

time to EVT 
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HEADS UP follow-up

Stroke CFM
Notes: If this is a HEADS UP call, ensure the caller has the pt ULI, LSN (if known)

Call to RAAPID HEADS UP?Age? >18

GEN PEDS CFM

<18

Collect ULI, LSN, 
LAMS

Yes

LSN?
Page

EDM XXXX
CAL XXXX

No >6hrs

LAMS?

<6hr & wake-up

Red Referral>4

Page
EDM XXXX
CAL XXXX

<4

Provide ULI, 
referring site and 

MD name if known

Call-back to 
RAAPID post-CT

Page
EDM XXXX
CAL XXXX

RAAPID joins 
audio-bridge 
(if required)

Start a CRIS chart



2
4

‘ In God we trust. All others bring 
data.’

‘ Better has no limit.’

W. Edwards 
Deming



2
5

‘ My message is: get your sh*t 
together and treat fast.’

Moyank Goyal

personal 
communication



Results- Go for the Gold!



Evolution of a Process 
needs multiple 
modifications 



Key factors
• Pre-notification
• Pre-registration / registration as unknown
• Telestroke ‘heads up’ to neurologist on 

arrival with patient information
• Active involvement by ED and Neurology
• Triage – to – CT; ‘swarm’ at Triage
• tPA in the CT scanner suite (for some)
• Individualized process mapping by site
• Soon - Early activation of transport 

process – Red referral process 

28



Key factors
• Do what’s necessary to understand 

the patient (be safe and accurate)
• Avoid unnecessary delay

29



SUMMARY 

• Fast treatment saves brain, 
reduces disability and reduces 
complications

• It takes a systematic approach 
and buy in from everyone to 
treat faster

• Our experiences with DTN 
with help us with EVT



CONCLUSIONS

• 30 min DTN is within our 
grasp!

• Faster treatment can 
lead to better outcomes

• Faster DTN could lead to 
faster endovascular

Conclusion Level of 
Evidence

• Level C

• Class I, level A

• Class I, level C



Thank-you!


