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Abstract
Background E ndovascular therapy (EVT) for stroke 
improves outcomes but is time sensitive.
Objective  To compare times to treatment and 
outcomes between patients taken to the closest primary 
stroke center (PSC) with those triaged in the field to a 
more distant comprehensive stroke center (CSC).
Methods  During the study, a portion of our region 
allowed field triage of patients who met severity 
criteria to a more distant CSC than the closest PSC. The 
remaining patients were transported to the closest PSC. 
We compared times to treatment and clinical outcomes 
between those two groups. Additionally, we performed a 
matched-pairs analysis of patients from both groups on 
stroke severity and distance to CSC.
Results  Over 2 years, 232 patients met inclusion criteria 
and were closest from the field to a PSC; 144 were taken 
to the closest PSC and 88 to the more distant CSC. The 
median additional transport time to the CSC was 7 min. 
Times from scene departure to alteplase and arterial 
puncture were faster in the direct group (50 vs 62 min; 
93 vs 152 min; p<0.001 for both). Among patients who 
were independent before the stroke, the OR for less 
disability in the direct group was 1.47 (95% CI 1.13 
to 1.93, p=0.003), and 2.06 (95% CI 1.10 to 3.89, 
p=0.01) for the matched pairs.
Conclusions I n a densely populated setting, for 
patients with stroke who are EVT candidates and closest 
to a PSC from the field, triage to a slightly more distant 
CSC is associated with faster time to EVT, no delay to 
alteplase, and less disability at 90 days.

Introduction
Endovascular therapy (EVT) improves outcomes 
for patients with emergent large vessel occlusion 
(ELVO) in the anterior circulation, up to 24 hours 
from symptom onset.1–8 The benefit of EVT dimin-
ishes rapidly, such that for every 4 min delay to 
substantial reperfusion, one additional patient out 
of 100 is more disabled.9 However, EVT requires 
specialized teams and resources not available at all 
hospitals. As a result, patients who are first taken 
by emergency medical services (EMS) to the closest 
primary stroke center (PSC) without EVT capability 
are typically transferred to a more distant compre-
hensive stroke center (CSC) if deemed EVT eligible.

These transfers may delay time to treatment 
and are associated with worse outcomes than 
with direct presentation to CSCs.10–12 Similar to 
protocols for trauma and ST segment elevation 

myocardial infarction, direct field triage by EMS to 
a more distant CSC based on clinical suspicion of 
ELVO has been proposed as a solution for reducing 
time to EVT, although potentially at the expense of 
delaying time to intravenous thrombolysis.13 Math-
ematical models have suggested that direct field 
triage may improve outcomes.14–16

Our region has a population of nearly 1.5 million 
people in Rhode Island and southeastern Massa-
chusetts, and all 16 PSCs in our region use a stan-
dardized protocol to transfer patients to the single 
CSC where all EVT is performed. During the study 
period, a portion of our region implemented a 
severity-based, field triage algorithm, directing EMS 
to bypass closer PSCs and take patients directly to 
the CSC if they met field severity criteria.17 18 The 
purpose of this study was to compare the times to 
treatment and outcomes of patients with ELVO 
who went to the closest PSC versus those who were 
taken directly to the more distant CSC. We hypoth-
esized that patients brought directly to the CSC 
would be treated faster and have less disability at 
90 days.

Methods
Patient identification
We obtained institutional review board approval 
to query our prospectively collected database for 
consecutive patients who met the following criteria 
(see figure 1):

►► Brought in via EMS between January 1, 2016 
and December 31, 2017.

►► A new, disabling neurologic deficit (with a score 
of ≥6 on the National Institutes of Health 
Stroke Scale (NIHSS)), less than 24 hours’ 
duration.

►► Initial non-contrast computed tomography 
demonstrating lack of large completed infarc-
tion (ie, a score of ≥6 on the Alberta Stroke 
Programme Early CT score (ASPECTS)).

►► Occlusion of the intracranial internal carotid 
artery, M1 or proximal M2 segments of the 
middle cerebral artery on CT angiography 
(CTA).

►► The closest hospital from the scene was a PSC.
►► Clinical follow-up at 90 days available.

EMS protocols and scene geographic information
During the study period, the EMS protocols in 
Rhode Island, a portion of our catchment area, were 
updated to a severity-based, field triage model.17 18 
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Patients were to be taken directly to the CSC if they had a field 
Los Angeles Motor Scale19 score of ≥4, were within 24 hours 
from last known well, and within 30 min of the CSC. Compli-
ance was optional before March 1, 2017 and required after that 
date. In adjacent Massachusetts, EMS protocols directed patients 
to be taken to the closest stroke center regardless of severity. For 
every patient, we calculated driving distance and time from the 
scene to the closest PSC, and to CSC (see online supplemen-
tary data). Patients were divided into direct and transfer groups 
based on actual transport destination. For both, we included all 
patients who were EVT eligible based on initial imaging. Treat-
ments and geographic distribution of the two groups are shown 
in figure 1.

Study treatment and intervention
Patients were divided based on transport destination, with the 
direct group those which went to the CSC, bypassing a closer 
PSC and the transfer group those taken to the closest PSC. We 

included all patients who were EVT eligible based on initial 
imaging, regardless of whether they received EVT or not. The 
details of our EMS education program18 and PSC transfer 
protocol20 have been previously published. More information, 
including times from scene departure to hospital arrival, is 
shown in the online supplementary data. Additionally, details of 
why patients were transported to the PSC in the transfer group 
are shown in online supplementary table 1.

Matched-pairs modeling
Given that some patients in the transfer group might be outside 
the 30 min radius from the CSC and understanding that stroke 
severity might affect triage, we developed a matched-pairs 
model, matching patients from the two groups according to time 
to CSC and NIHSS. For this model, we planned to look at the 
interaction between transport time to CSC and time to alteplase 
and arterial puncture. Details of  the matching methodology 

Figure 1  (A) Schematic distribution of the patients in both groups and their treatment. For completeness, patients excluded are also listed. (B) 
Geographic distribution of patients. The green area represents the region where field triage was mandatory as of March 1, 2017. The orange area 
represents the region where there is no severity-based triage. The shaded grey area indicates an approximate 30 min transfer time to the CSC. The 
green star is the CSC, and the white circles indicate PSCs. All patients were closest in the field to a PSC. CSC, comprehensive stroke center; EMS, 
emergency medical services; EVT, endovascular therapy; LVO, large vessel occlusion; NIHSS, National Institutes of Health Stroke Scale; PSC, primary 
stroke center.
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are shown in the online supplementary data, and a total of 70 
matched pairs (n=140) were identified.

Outcome measures
The primary workflow outcomes were times from EMS scene 
departure to intravenous alteplase and arterial puncture for EVT. 
The primary clinical outcome was the modified Rankin scale 
(mRS) score, a commonly used measure of global disability, at 
90 (±15) days after the stroke. Since we included patients with 
pre-existing disability in this series, we specified a priori that we 
would examine the clinical outcomes for all patients as well as 
those who had a pre-stroke mRS score of 0 or 1. These measures 
were examined for all patients and the matched pairs.

Statistical analysis
All analyses were conducted using SAS Software 9.4 (SAS Inc, 
Cary, North Carolina, USA). Analyses of time to treatment were 
performed using Kaplan-Meier estimation with 95% confidence 
intervals; as there was no censoring, the Wilcoxon test was used 
to compare groups. For completeness and to provide estimates for 
meta-analyses, workflow was also modeled as a mean using the 
generalized linear model assuming a negative binomial distribu-
tion (online supplementary table 2). Other baseline characteristics 
were assessed using the Wilcoxon test, Χ2, or Fisher’s exact test, as 
appropriate.

The primary clinical outcome, 90-day mRS score, was modeled 
together  with pre-stroke mRS  score, for the direct and transfer 
groups using a  generalized mixed model assuming a binomial 
distribution (0–6) with classic sandwich estimation and was exam-
ined as both a point estimate (mean) and a shift analysis, examining 
the odds of having a lower mRS score at 90 days. The assumption 
of proportional odds was evaluated using the Score Test. Similarly, 
a generalized mixed model assuming a negative binomial distribu-
tion was used to model the interaction between EMS time to CSC 
and scene departure to alteplase and arterial puncture between 
the direct and triage groups in the matched-pairs model. Testing 
of primary outcomes was conducted under a superiority frame-
work. The value of α was established, a priori, at the 0.05 level 
and all interval estimates were calculated for 95% confidence. 
False discovery rate was controlled for primary outcomes using the 
Benjamini–Hochberg procedure, with a false discovery rate of 0. 
05.

Results
Demographics and workflow parameters for the two groups are 
summarized in table  1. There were higher rates of hyperlipid-
emia in the transfer group (54% vs 39%, p=0.02). However, the 
remainder of the demographics failed to show  significant differ-
ences between the two groups. The median time from field to the 
CSC was significantly shorter in the direct group, 18 versus 30 min 
(p<0.001) for the transfer group. This was expected, given that 
those patients who were more than 30 min from the CSC would, 
in most cases, be taken to the closest PSC. In the matched-pairs 
model, times to the CSC were not significantly different (online 
supplementary table 3). Although all patients were EVT eligible 
based on clinical and imaging characteristics at first presentation, 
there were 3/88 (3%) in the direct group and 17/144 (12%) in the 
transfer group who did not undergo EVT (figure 1). The reasons 
patients did not undergo EVT are summarized in figure 1. Among 
those who received alteplase, clot lysis obviating EVT was 3/48 
(6%) in the direct group and 11/94 (12%) in the transfer group. 
Higher rates of clot lysis would be potentially expected in the 
transfer group owing to a greater time interval between alteplase 

and start of EVT. Additionally, 6/144 (4%) in the transfer group 
had prolonged interfacility transfer delays, with repeat imaging 
showing a completed infarct, and did not undergo EVT. These 
patients were included in the analysis of clinical outcomes. Proce-
dural workflow characteristics, including location of intracranial 
occlusion, time to recanalization, and completeness of recanaliza-
tion, were also similar.

Clinical and workflow outcomes
Direct and transfer groups
Despite a median of 7 additional minutes of transport time in 
the direct group, times from scene departure to alteplase and 
arterial puncture were significantly faster in the direct than in 
the transfer group (table 2). These workflow times are depicted 
in figure 2. The faster time to alteplase in the direct group was 
probably  due to significantly faster alteplase administration at 
the CSC (median door to alteplase time of 33 compared with 
53 min at PSCs, p<0.001).

Direct transport to the CSC was associated with less disability 
at 90 days, for all patients including those with pre-existing 
disability (table  2). Among those patients who were indepen-
dent before  treatment, the OR for being less disabled at 90 
days (a decrease of ≥1 point on the mRS) was 1.47 (95% CI 
1.13 to 1.93, p=0.0049). Overall rates of functional indepen-
dence at 90 days increased to  46% in the transfer group and 
62% in the direct group (figure 3).

Rates of symptomatic intracranial hemorrhage (defined as a new 
parenchymal hematoma, extensive subarachnoid hemorrhage, or 
intraventricular hemorrhage on imaging with a concomitant four-
point increase in NIHSS score) were 10/144 (7%) in the transfer 
group, and 1/88 (1%) in the direct group (p=0.06).

 Ten patients were excluded owing to missing 90-day outcomes 
(seven in the transfer group, three in the direct group). To account 
for possible confounding due to missing data, we performed a 
sensitivity analysis on the primary workflow and clinical outcomes 
incorporating the 10 with missing outcomes. We assumed a worst-
case scenario, in which all patients in the direct group were dead 
(mRS score 6) at 90 days, and all patients in the transfer group were 
at their pre-stroke mRS score at 90 days. The primary clinical and 
workflow outcomes are presented in online supplementary table 
4. There remained significantly faster time to alteplase and EVT 
in the direct group. For patients without pre-existing disability, the 
OR for less disability in the direct group at 90 days in the sensitivity 
analysis was 1.4 (95% CI 1.0 to 1.8, p=0.013).

Matched pairs
In the matched-pairs model (matched according to stroke severity 
and time to CSC), there was no evidence of a difference in time 
from field scene departure to alteplase, but the direct group had 
significantly faster time to arterial puncture (table 2). When exam-
ining the interaction between time to CSC and time to treatment 
in the matched pairs, there was no evidence of a difference in time 
to alteplase, but time to arterial puncture remained significantly 
faster in the direct group, even as time from the field to the CSC 
increased (figure 4).

No statistically significant difference was seen in pre-stroke mRS 
score between direct and transfer groups (0.80 (0.53, 1.19) vs 
0.83 (0.55, 1.20)), (OR=1.04 (95% CI 0.56 to 1.90), p=0.90). 
However, the direct group had a mean 90-day mRS score that 
was almost one point lower than that of the transfer group (online 
supplementary figure 1). The OR for being less disabled in the 
direct group was 1.9 (95% CI 1.03 to 3.31, p=0.02). When 
analysis was limited to only those patients in the matched pairs 
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without pre-existing disability, mean 90-day mRS score was 1.7 
(direct) versus 2.7 (transfer), an OR of 2.06 (95% CI 1.10 to 3.89, 
p=0.01) for less disability. Functional independence at 90 days 
increased from 42% in the transfer group to 68% in the direct 
group (online supplementary figure 2).

Discussion
For patients with anterior circulation ELVO, EMS triage past the 
closest PSC to a more distant CSC is associated with earlier EVT, 
better clinical outcomes, and no delay to treatment with intrave-
nous alteplase. This benefit was observed for the entire cohort, 

Table 1  Demographics, EMS scene parameters, and workflow times for all patients

Transfer Direct P value

Demographics 

Number 144 88

Age, median (Q1–Q3) 75.5 (64–84) 77.5 (63.5–86) 0.55

Female, n (%) 74/144 (51) 46/88 (52) 0.90

Stroke risk factors, n (%)

 �  Hypertension 102/144 (71) 59/88 (67) 0.54

 �  Diabetes mellitus 25/144 (17) 13/88 (15) 0.60

 �  Hyperlipidemia 78/144 (54) 34/88 (39) 0.02

 �  Atrial fibrillation 57/144 (40) 39/88 (44) 0.48

Admission systolic blood pressure, mm Hg, mean (SD) 143.1 (30.1) 146.8 (28.1) 0.48

Independent pre-stroke; n (%) 101/144 (70) 60/88 (68) 0.75

Clinical parameters

NIHSS, median (Q1–Q3) 17.5 (13.0–22.5) 18 (12.0–24.5) 0.64

IV tPA administered, n (%) 94/144 (65) 48/88 (55) 0.13

Left hemisphere involved, n (%) 80/144 (56) 43/88 (49) 0.35

Location of intracranial occlusion, n (%) 0.93

 �  ICA 27/144 (19) 15/88 (17)

 �  M1 96/144 (67) 59/88 (67)

 �  M2 21/144 (15) 14/88 (16)

NCCT ASPECTS, median (Q1–Q3) 10 (9–10) 10 (9–10) 0.95

Imaging repeated at CSC on arrival, n (%) 33/144 (27) N/A

Scene geographic Information, median (Q1–Q3)

Distance from scene to closest PSC (miles) 3.3 (1.6–6.0) 4.4 (1.6–6.7) 0.13

Drive time from scene to closest PSC (min) 9.55 (5.45–14.05) 11.1 (6.55–15.65) 0.049

Distance from scene to CSC (miles) 23.1 (15.8–33.9) 10.7 (6.3–14.6) <0.001

Drive time from scene to CSC (min) 29.8 (21.7–39.6) 17.6 (12.2–23.2) <0.001

EMS scene workflow times (min), median (Q1–Q3)

Stroke onset to EMS arrival on scene 39.55 (16.5–133.15) 50 (17–290.6) 0.29

EMS on scene time 15.5 (12.0–19.0) 13.5 (10.0–16.0) 0.017

Scene departure to hospital arrival 8.5 (5.3–12.6) 15.8 (11.5–19.6) <0.001

In-hospital workflow times (min), median (Q1–Q3)

First hospital arrival to alteplase 53 (40–71) 33 (27–46) <0.001

PSC arrival to departure (door in to door out) 85 (65–109) N/A

Interfacility transport time 25 (17–32) N/A

CSC arrival to arterial puncture 21.5 (16.0–39.0) 77 (54–104) <0.001

Arterial puncture to recanalization 22 (15–32) 24 (16–37) 0.29

Angiographic reperfusion, n (%)

Successful recanalization (mTICI 2b or better) 106/127 (83) 75/85 (87) 0.78

 � mTICI 0/1 8/127 (6) 4/85 (5)

 � mTICI 2a 14/127 (11) 7/85 (8)

 � mTICI 2b 39/127 (31) 24/85 (28)

 � mTICI 2c/3 67/127 (52) 51/85 (59)

*Among those who underwent EVT.
ASPECTS, Alberta Stroke Program Early CT Score; CSC, comprehensive stroke center; EMS, emergency medical services; EVT, endovascular therapy; ICA, internal carotid artery; 
mTICI, modified Thrombolysis in Cerebral Infarction; NCCT, non-contrast CT; NIHSS, national Institutes of Health Stroke Scale; PSC, primary stroke center; tPA, tissue plasminogen 
activator.
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and in a model matching pairs according to stroke severity and 
time to CSC. Faster treatment and better outcomes were seen 
in the direct group irrespective of time from scene to CSC. 
We believe these results will have significant implication for 
stroke systems of care, especially given that every minute reduc-
tion in time to EVT is estimated to save the healthcare system 
US$105921.

Our results align with models suggesting that where the CSC 
and PSC are in close proximity, direct transport to the CSC was 
likely to result in better outcomes.14–16 One previous clinical 
series specifically examining direct field triage to a more distant 
CSC in Denmark observed similar results, with increased inde-
pendence at 90 days (62% vs 43%), and a 58 min reduction in 
time to EVT with direct transport.12 However, they had histor-
ical rather than contemporaneous groups as in our series, and 
their geographic situation is vastly different, with one PSC and 
one CSC, located 75 miles apart. In a recent report of a large 
registry, transferred patients had a significantly lower rate of 
functional independence at 90 days (52.2% vs 60.0%).11 That 
registry evaluated only  patients who actually underwent EVT, 
whereas we also included patients who lysed with alteplase and 
those with infarct progression precluding EVT. As such, our 
series is likely more representative of a population of EVT-eli-
gible patients.

It may be argued that these results are applicable only in our 
region. In the Greater Cincinnati region the median additional 
transport time to CSC was 8 min, and 85% were <15 min addi-
tional transport time to the CSC, both similar to our series.22 An 
analysis of prehospital data in the United States showed approx-
imately 80% of EMS transport occur in urban regions, with a 
median scene to first hospital transport time of 12 min, similar to 
our patients.23 Within the United States, 56% of the population 
was within 60 min ground transport to a center providing EVT 
in 2011, and that number may be higher now.24 In the System-
atic Evaluation of Patients Treated with Neurothrombectomy 
Devices for Acute Ischemic Stroke (STRATIS) Registry, with 985 
patients across 55 sites in the United States, 65% of the patients 
incurred their stroke within 25 miles of the hospital where EVT 
was performed, and over 40% within 10 miles.25 It is likely that 
there are many other regions that are similar to ours.

Our protocol was developed based on an absolute transport 
time to the CSC of <30 min, in order to mimic protocols used 
for ST elevation myocardial infarction and trauma in our region. 
However, the optimal time parameters to determine triage to a 
more distant center are unknown. The American Heart Associa-
tion has suggested a 15 min additional transport time threshold 
for patients with suspected ELVO  in their most recent recom-
mendations.26 A recent decision analysis suggested that both time 

Table 2  Primary outcomes for all patients

Primary workflow outcomes (min), median 
(Q1–Q3) Transfer Direct P value (unadjusted)  P value (adjusted)*

All patients

 � Scene departure to alteplase 62.3 (49.5–85.1) 50.2 (42.3–63.0) <0.01 0.008

 � Scene departure to arterial puncture 152.2 (116.1–192.0) 93.0 (66.8–127.4) <0.01 0.004

Matched pairs

 � Scene departure to alteplase 59.3 (42.2–84.2) 51.0 (43.0–64.0) 0.18 0.18

 � Scene departure to arterial puncture 136.7 (111.4–192.0) 97.0 (71.0–128.0) <0.01 0.003

Primary clinical outcomes 
Modified Rankin Scale score at 90 days mean 
(95% CI)

Odds ratio (95% CI) for 
less disability

All patients 3.4 (3.2 to 3.6) 3.0 (2.7 to 3.2) 1.29 (1.04 to 1.60) 0.012 0.02

All patients (independent pre-stroke) 2.8 (2.5 to 3.0) 2.2 (1.9 to 2.5) 1.47 (1.13 to 1.93) 0.003 0.006

Matched pairs 3.6 (2.9 to 4.2) 2.7 (2.1 to 3.3) 1.9 (1.03 to 3.31) 0.019 0.02

Matched pairs (independent pre-stroke) 2.7 (2.1 to 3.4) 1.7 (1.3 to 2.3) 2.06 (1.10 to 3.89) 0.13 0.1

*False discovery rate was controlled for primary outcomes using the Benjamini–Hochberg procedure, with a false discovery rate of 0.05.

Figure 2  Time to treatment curves for all patients, depicting the time to treatment from EMS scene departure to intravenous alteplase (A) and 
arterial puncture (B). EMS, emergency medical services; tPA, tissue plasminogen activator.
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to CSC and time from onset play a role in determining an optimal 
triage radius, and that for early presenting patients, the bypass 
threshold may increase up to 56 minutes.27 Our results would 
concur, as time from scene departure to recanalization was faster 
in the direct group irrespective of time to CSC, with no delay 
to alteplase (figure 4). It is possible that time from EMS scene 
departure to alteplase will increase with direct triage to CSCs 
with longer prehospital transport times than those represented 
in this population. Further research to determine the optimal 
threshold for triage to a more distant center is warranted.

For PSCs, door to needle (DTN) for intravenous alteplase and 
door in door out time (DIDO) are key performance metrics, 
with longer times associated with worse outcomes.28 It is worth 
noting that median DTN times in this series are not dissimilar 
from those of other series. In an analysis of DTN from nearly 

1000 PSCs treating almost 500 000 patients in the United States, 
the median DTN was 71 min, as compared with 53 min in our 
series.29 Additionally, in the STRATIS registry the median DTN 
at PSCs was 56 min, compared with 36 min at CSCs, a similar 
difference to this series. As such, the DTN times in our series 
at PSCs are unfortunately probably representative of real-world 
performance at PSCs across the United States. The median 
DIDO at the PSCs would have to decrease from 85 to 26 min 
for the entire cohort and from 79 to 39 min in the matched-pairs 
model in order to equal the treatment times in the direct group. 
Improving workflow at PSCs will remain critical for all patients 
with a stroke, including those without ELVO, as well as patients 
with ELVO with milder deficits who do not meet triage criteria, 
those who are mis-triaged, and those who are beyond the triage 
radius.

Limitations
A drawback to this series is the lack of documented field severity 
score for all patients. As a point of reference, during the study 
period, a total of 1170 patients with a final diagnosis of acute 
ischemic stroke were brought by EMS directly to the CSC, and 
of these, 147 (12.6%) underwent thrombectomy. It is beyond 
the scope of this work to determine the accuracy of EMS assess-
ment and rates of over- or under-triage. The vast majority of our 
patients had an admission NIHSS score of ≥10, and would prob-
ably have been appropriately classified using any of the common 
field severity scores.30 The assessment of the degree of over- and 
under-triage is an important area for future study, as over-triage 
might overwhelm CSC resources. Additional techniques for field 
triage, including mobile telemedicine consultation, ultrasound, 
or impedance based portable diagnostic tools, are promising and 
require further study.31 Mobile stroke treatment units, capable 

Figure 3  Distribution of modified Rankin scores at 90 days for all patients in the series, as well as those without pre-existing disability. 

Figure 4  Examining the interaction between time from scene to 
CSC and times to treatment for the matched pairs, examining scene 
departure to alteplase (A) and scene departure to arterial puncture (B) 
CSC, comprehensive stroke center; EMS, emergency medical services.

N
euroInterventional S

urgery. P
rotected by copyright.

 on S
eptem

ber 6, 2019 at S
N

IS
 - S

ociety of
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2019-015033 on 4 S
eptem

ber 2019. D
ow

nloaded from
 

http://jnis.bmj.com/


7Jayaraman MV, et al. J NeuroIntervent Surg 2019;0:1–8. doi:10.1136/neurintsurg-2019-015033

Ischemic Stroke

of scanning and administering alteplase in the field, would 
essentially bring a PSC to the patient, and are worthy of further 
study.32 Finally, the volume of patients with ELVO seen at our 
referring PSCs would seem insufficient to implement mobile 
interventional stroke teams, but that may be a valid solution in 
other regions.33 The lack of delay to alteplase would suggest that 
patients in our region without ELVO who were triaged past a 
closer PSC to the CSC would probably not have been delayed in 
receiving alteplase, which has been discussed as a potential draw-
back to triaging patients to distant centers. For this same reason, 
concerns about  delays to potentially more effective thrombo-
lytic agents (such as tenecteplase) are probably unfounded.13

This series has other limitations. This is a non-randomized 
series from a single geographic region. A randomized trial is 
currently ongoing in Spain (NCT02795962), but a similar trial 
in the United States may be logistically difficult given the frag-
mented nature of our healthcare system. As such, a contempora-
neous population-based comparison of two different protocols 
within one geographic region may be the most reasonable alter-
native. Additionally, we feel that our matched-pairs design with 
mixed modeling of pre-stroke and 90-day mRS score, matching 
according to time to CSC and NIHSS score, provides a strong 
alterative to randomization for these observational data. We 
have substantially improved EMS knowledge of  our severi-
ty-based field triage protocol, optimized PSC and CSC workflow 
through an extensive quality improvement process, standardized 
imaging and procedural technique, avoiding general anesthesia, 
and transporting most transfer patients directly to the angiog-
raphy suite without repeat imaging.18 20 28 34 35 Our results should 
be interpreted with caution in regions where the distribution and 
workflow metrics of stroke centers are not similar. Prehospital 
triage may be the last remaining, yet modifiable, bottleneck 
within an otherwise optimized stroke system of care.36

Conclusions
For patients with ELVO who are EVT candidates, triage based 
on EMS field severity assessment to a more distant CSC rather 
than a closer PSC was associated with significantly shorter time 
to EVT, better clinical outcomes, and no delay to alteplase. This 
association held true for our entire cohort and for a matched-
pairs model. Seven additional minutes of prehospital transport 
was associated with nearly an hour faster time to EVT, and a 
16–26% absolute increase in functional independence.

Acknowledgements  We acknowledge the EMS professionals, who have worked 
diligently to implement severity-based triage in our region.

Contributors  All authors: substantial contributions to the conception or design 
of the work; or the acquisition, analysis, or interpretation of data for the work; and 
drafting the work or revising it critically for important intellectual content; and final 
approval of the version to be published; and agreement to be accountable for all 
aspects of the work in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors. 

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  Approved by the Lifespan institutional review board as a 
retrospective review of prospectively collected stroke center quality database, with 
waiver of informed consent.

Provenance and peer review  Not commissioned; externally peer reviewed.

References
	 1	 Berkhemer OA, Fransen PS, Beumer D, et al. A randomized trial of intraarterial 

treatment for acute ischemic stroke. N Engl J Med 2015;372:11–20.

	 2	C ampbell BC, Mitchell PJ, Kleinig TJ, et al. Endovascular therapy for ischemic stroke 
with perfusion-imaging selection. N Engl J Med 2015;372:1009–18.

	 3	G oyal M, Demchuk AM, Menon BK, et al. Randomized assessment of rapid 
endovascular treatment of ischemic stroke. N Engl J Med 2015;372:1019–30.

	 4	 Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy within 8 hours after symptom 
onset in ischemic stroke. N Engl J Med 2015;372:2296–306.

	 5	S aver JL, Goyal M, Bonafe A, et al. Stent-retriever thrombectomy after intravenous 
t-PA vs. t-PA alone in stroke. N Engl J Med 2015;372:2285–95.

	 6	N ogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to 24 hours after stroke 
with a mismatch between deficit and infarct. N Engl J Med 2018;378:11–21.

	 7	A lbers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke at 6 to 16 hours with 
selection by perfusion imaging. N Engl J Med 2018;378:708–18.

	 8	L eslie-Mazwi T, Chandra RV, Baxter BW, et al. ELVO: an operational definition. J 
Neurointerv Surg 2018;10:507–9.

	 9	S aver JL, Goyal M, van der Lugt A, et al. Time to treatment with endovascular 
thrombectomy and outcomes from ischemic stroke: a meta-analysis. JAMA 
2016;316:1279–88.

	10	 Venema E, Boodt N, Berkhemer OA, et al. Workflow and factors associated with delay 
in the delivery of intra-arterial treatment for acute ischemic stroke in the MR CLEAN 
trial. J Neurointerv Surg 2018;10:424–8.

	11	 Froehler MT, Saver JL, Zaidat OO, et al. Interhospital transfer before thrombectomy 
is associated with delayed treatment and worse outcome in the STRATIS Registry 
(Systematic Evaluation of Patients Treated With Neurothrombectomy Devices for Acute 
Ischemic Stroke). Circulation 2017;136:2311–21.

	12	 Mohamad NF, Hastrup S, Rasmussen M, et al. Bypassing primary stroke centre reduces 
delay and improves outcomes for patients with large vessel occlusion. Eur Stroke J 
2016;1:85–92.

	13	S chwamm LH. Optimizing prehospital triage for patients with stroke involving large 
vessel occlusion: the road less traveled. JAMA Neurol 2018;75:1467.

	14	H olodinsky JK, Williamson TS, Kamal N, et al. Drip and ship versus direct 
to comprehensive stroke center: conditional probability modeling. Stroke 
2017;48:233–8.

	15	 Milne MS, Holodinsky JK, Hill MD, et al. Drip ’n ship versus mothership for 
endovascular treatment: modeling the best transportation options for optimal 
outcomes. Stroke 2017;48:791–4.

	16	H olodinsky JK, Williamson TS, Demchuk AM, et al. Modeling stroke patient 
transport for all patients with suspected large-vessel occlusion. JAMA Neurol 
2018;75:1477.

	17	 Jayaraman MV, Iqbal A, Silver B, et al. Developing a statewide protocol to ensure 
patients with suspected emergent large vessel occlusion are directly triaged in 
the field to a comprehensive stroke center: how we did it. J Neurointerv Surg 
2017;9:330–2.

	18	 DiBiasio EL, Jayaraman MV, Oliver L, et al. Emergency medical systems education 
may improve knowledge of pre-hospital stroke triage protocols. J Neurointerv Surg 
2018:10.1136/neurintsurg-2018-014108 [Epub ahead of print 7 Dec 2018].

	19	N azliel B, Starkman S, Liebeskind DS, et al. A brief prehospital stroke severity scale 
identifies ischemic stroke patients harboring persisting large arterial occlusions. Stroke 
2008;39:2264–7.

	20	 McTaggart RA, Yaghi S, Cutting SM, et al. Association of a primary stroke center 
protocol for suspected stroke by large-vessel occlusion with efficiency of care and 
patient outcomes. JAMA Neurol 2017;74:793–800.

	21	 Kunz WG, Almekhlafi MA, Menon BK, et al. Public Health and cost consequences 
of treatment delays in endovascular thrombectomy for stroke based on HERMES 
collaboration data. European Stroke Conference, 2018. Gothenburg, Sweden

	22	 Katz BS, Adeoye O, Sucharew H, et al. Estimated impact of emergency medical service 
triage of stroke patients on comprehensive stroke centers: an urban population-based 
study. Stroke 2017;48:2164–70.

	23	S chwartz J, Dreyer RP, Murugiah K, et al. Contemporary prehospital emergency 
medical services response times for suspected stroke in the United States. Prehosp 
Emerg Care 2016;20:560–5.

	24	A deoye O, Albright KC, Carr BG, et al. Geographic access to acute stroke care in the 
United States. Stroke 2014;45:3019–24.

	25	 Mueller-Kronast NH, Zaidat OO, Froehler MT, et al. Systematic evaluation of patients 
treated with neurothrombectomy devices for acute ischemic stroke: primary results of 
the STRATIS Registry. Stroke 2017;48:2760–8.

	26	A deoye O, Nyström KV, Yavagal DR, et al. Recommendations for the establishment of 
stroke systems of care: a 2019 update. Stroke 2019;50:1524–4628.

	27	 Benoit JL, Khatri P, Adeoye OM, et al. Prehospital triage of acute ischemic stroke 
patients to an intravenous tpa-ready versus endovascular-ready hospital: a decision 
analysis. Prehosp Emerg Care 2018;22:722–33.

	28	 McTaggart RA, Moldovan K, Oliver LA, et al. Door-in-door-out time at primary stroke 
centers may predict outcome for emergent large vessel occlusion patients. Stroke 
2018;49:2969–74.

	29	 Man S, Cox M, Patel P, et al. Differences in acute ischemic stroke quality of care and 
outcomes by primary stroke center certification organization. Stroke 2017;48:412–9.

	30	 Zhao H, Coote S, Pesavento L, et al. Large vessel occlusion scales increase delivery 
to endovascular centers without excessive harm from misclassifications. Stroke 
2017;48:568–73.

N
euroInterventional S

urgery. P
rotected by copyright.

 on S
eptem

ber 6, 2019 at S
N

IS
 - S

ociety of
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2019-015033 on 4 S
eptem

ber 2019. D
ow

nloaded from
 

http://dx.doi.org/10.1056/NEJMoa1411587
http://dx.doi.org/10.1056/NEJMoa1414792
http://dx.doi.org/10.1056/NEJMoa1414905
http://dx.doi.org/10.1056/NEJMoa1503780
http://dx.doi.org/10.1056/NEJMoa1415061
http://dx.doi.org/10.1056/NEJMoa1706442
http://dx.doi.org/10.1056/NEJMoa1713973
http://dx.doi.org/10.1136/neurintsurg-2018-013792
http://dx.doi.org/10.1136/neurintsurg-2018-013792
http://dx.doi.org/10.1001/jama.2016.13647
http://dx.doi.org/10.1136/neurintsurg-2017-013198
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.028920
http://dx.doi.org/10.1177/2396987316647857
http://dx.doi.org/10.1001/jamaneurol.2018.2323
http://dx.doi.org/10.1161/STROKEAHA.116.014306
http://dx.doi.org/10.1161/STROKEAHA.116.015321
http://dx.doi.org/10.1001/jamaneurol.2018.2424
http://dx.doi.org/10.1136/neurintsurg-2016-012275
http://dx.doi.org/10.1136/neurintsurg-2018-014108
http://dx.doi.org/10.1161/STROKEAHA.107.508127
http://dx.doi.org/10.1001/jamaneurol.2017.0477
http://dx.doi.org/10.1161/STROKEAHA.116.015971
http://dx.doi.org/10.3109/10903127.2016.1139219
http://dx.doi.org/10.3109/10903127.2016.1139219
http://dx.doi.org/10.1161/STROKEAHA.114.006293
http://dx.doi.org/10.1161/STR.0000000000000173
http://dx.doi.org/10.1080/10903127.2018.1465500
http://dx.doi.org/10.1161/STROKEAHA.118.021936
http://dx.doi.org/10.1161/STROKEAHA.116.014426
http://dx.doi.org/10.1161/STROKEAHA.116.016056
http://jnis.bmj.com/


8 Jayaraman MV, et al. J NeuroIntervent Surg 2019;0:1–8. doi:10.1136/neurintsurg-2019-015033

Ischemic Stroke

	31	 Kellner CP, Sauvageau E, Snyder KV, et al. The VITAL study and overall pooled 
analysis with the VIPS non-invasive stroke detection device. J Neurointerv Surg 
2018;10:1079–84.

	32	 Fassbender K, Grotta JC, Walter S, et al. Mobile stroke units for prehospital 
thrombolysis, triage, and beyond: benefits and challenges. Lancet Neurol 
2017;16:227–37.

	33	 Wei D, Oxley TJ, Nistal DA, et al. Mobile interventional stroke teams lead to 
faster treatment times for thrombectomy in large vessel occlusion. Stroke 
2017;48:3295–300.

	34	 McTaggart RA, Yaghi S, Baird G, et al. Decreasing procedure times with a standardized 
approach to ELVO cases. J Neurointerv Surg 2017;9:2–5.

	35	 Jadhav AP, Kenmuir CL, Aghaebrahim A, et al. Interfacility transfer directly to the 
neuroangiography suite in acute ischemic stroke patients undergoing thrombectomy. 
Stroke 2017;48:1884–9.

	36	G oyal M, Jadhav AP, Wilson AT, et al. Shifting bottlenecks in acute stroke treatment. J 
Neurointerv Surg 2016;8:1099–100.

N
euroInterventional S

urgery. P
rotected by copyright.

 on S
eptem

ber 6, 2019 at S
N

IS
 - S

ociety of
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2019-015033 on 4 S
eptem

ber 2019. D
ow

nloaded from
 

http://dx.doi.org/10.1136/neurintsurg-2017-013690
http://dx.doi.org/10.1016/S1474-4422(17)30008-X
http://dx.doi.org/10.1161/STROKEAHA.117.018149
http://dx.doi.org/10.1136/neurintsurg-2016-012518
http://dx.doi.org/10.1161/STROKEAHA.117.016946
http://dx.doi.org/10.1136/neurintsurg-2015-012151
http://dx.doi.org/10.1136/neurintsurg-2015-012151
http://jnis.bmj.com/

	Field triage for endovascular stroke therapy: a population-based comparison
	Abstract
	Introduction
	Methods
	Patient identification
	EMS protocols and scene geographic information
	Study treatment and intervention
	Matched-pairs modeling
	Outcome measures
	Statistical analysis

	Results
	Clinical and workflow outcomes
	Direct and transfer groups

	Matched pairs

	Discussion
	Limitations

	Conclusions
	References


