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Background and Purpose—There is uncertainty regarding the best way for patients outside of endovascular-capable
or Comprehensive Stroke Centers (CSC) to access endovascular treatment for acute ischemic stroke. The role of the
nonendovascular-capable Primary Stroke Centers (PSC) that can offer thrombolysis with alteplase but not endovascular
treatment is unclear. A key question is whether average benefit is greater with early thrombolysis at the closest PSC
before transportation to the CSC (Drip ‘n Ship) or with PSC bypass and direct transport to the CSC (Mothership). Ideal
transportation options were mapped based on the location of their endovascular-capable CSCs and nonendovascularcapable PSCs.
Methods—Probability models for endovascular treatment were developed from the ESCAPE trial’s (Endovascular Treatment
for Small Core and Anterior Circulation Proximal Occlusion With Emphasis on Minimizing CT to Recanalization Times)
decay curves and for alteplase treatment were extracted from the Get With The Guidelines decay curve. The time onscene, needle-to-door-out time at the PSC, door-to-needle time at the CSC, and door-to-reperfusion time were assumed
constant at 25, 20, 30, and 115 minutes, respectively. Emergency medical services transportation times were calculated
using Google’s Distance Matrix Application Programming Interface interfaced with MATLAB’s Mapping Toolbox to
create map visualizations.
Results—Maps were generated for multiple onset-to-first medical response times and door-to-needle times at the PSCs of
30, 60, and 90. These figures demonstrate the transportation option that yields the better modeled outcome in specific
regions. The probability of good outcome is shown.
Conclusions—Drip ‘n Ship demonstrates that a PSC that is in close proximity to a CSC remains significant only when the
PSC is able to achieve a door-to-needle time of ≤30 minutes when the CSC is also efficient.   
(Stroke. 2017;48:791-794. DOI: 10.1161/STROKEAHA.116.015321.)
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be transported directly to the CSC (Mothership approach).6,7
This uncertainly is because of the time dependence of good
outcomes with both early intravenous alteplase and EVT8,9
and the reduced efficacy of alteplase compared with EVT
with large vessel occlusive stroke.10,11
One of the key factors in determining the best transportation option is the geographic location of the PSCs and
CSCs in relation to the patient origin, as well as regional
infrastructure. As part of the DESTINE (Decision Support
Tool in Endovascular transport) project, we created mathematical models based on the decay curves for EVT and
thrombolysis and generated map visualizations that modeled the best transportation option and the probability of
good outcomes.

E

ndovascular treatment (EVT) for acute ischemic stroke
substantially improves outcomes compared with usual
standard of care for acute ischemic stroke.1–4 Currently, EVT
is only offered at endovascular-capable or Comprehensive
Stroke Centers (CSC), which creates uncertainty regarding the best transportation option for patients outside of the
catchment area of CSCs to access EVT. As treatment for
acute ischemic stroke is changing, the role of the nonendovascular-capable Primary Stroke Centers (PSC) that can offer
medical thrombolysis with alteplase but not EVT is unclear.
A key question is whether there is a greater benefit in receiving alteplase early at a PSC before being transported to a
CSC for EVT (Drip ‘n Ship approach).5 Alternatively, the
PSC can be bypassed, and the suspected stroke patient could
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A mathematical model was created using the stroke onset-to-reperfusion and onset-to-treatment decay curves for EVT and thrombolysis,
respectively. Data from the ESCAPE trial (Endovascular Treatment
for Small Core and Anterior Circulation Proximal Occlusion With
Emphasis on Minimizing CT to Recanalization Times) was used
to generate a decay curve for patients treated with both EVT and
alteplase.1,8 The decay curve for EVT provided the average probability of good outcomes (PEVT) as defined as modified Rankin Scale
score 0 to 2 at 90 days as a function of time from onset to reperfusion. To determine the benefit of alteplase alone, a probability model
(PtPA) was developed using the US Get With The Guidelines–Stroke
registry.11 The average probability is defined as modified Rankin
Scale score 0 to 1 at discharge based on time from onset to alteplase
administration.
The total probability of good outcomes was calculated using the
formula: P=PtPA+(1−PtPA)×PEVT. This is a sum of the probability of
good outcomes from alteplase (PtPA) and the probability of good outcome with EVT (PEVT) for those patients who do not have a good
outcome with alteplase (1−PtPA). The time used for PtPA in the Drip ‘n
Ship scenario is a sum of the following time variables: onset-to-first
medical response; on-scene; scene-to-PSC; and door-to-needle time
(DNT) at PSC. The time variable for PtPA in the Mothership scenario
is the sum of the following variables: onset-to-first medical response;
on-scene; scene-to-CSC; and DNT at CSC. The time variable for PEVT
in the Drip ‘n Ship scenario is the sum of the following variables:
onset-to-first medical response; on-scene; scene-to-PSC; DNT at
PSC; needle-to-door-out time at PSC; PSC to CSC; and arrival-toreperfusion at CSC. The time variable for the PEVT in the Mothership
scenario is the sum of the following variables: onset-to-first medical
response; on-scene; scene-to-CSC; and arrival at CSC to reperfusion.
This model assumes that all patients receive both alteplase and EVT.
PSC and CSC designations were compiled from the Canadian
Stroke Audit and the Joint Commission list of accredited stroke
centers in the United States. We incorporated Google’s (Mountain
View, CA) Distance Matrix Application Programming Interface into
MATLAB (Mathworks, Natick, MA). Travel times for emergency
medical services were calculated by finding the closest PSC and CSC
for each region and calling Google’s Distance Matrix Application
Programming Interface to determine the drive times using both realistic road speeds and user generated data. Maps were created using
MATLAB’s Mapping Toolbox, custom color functions, and a generated time database of standard driving times. These maps model
the best transportation option for each region that would result in the
greatest probability of good outcomes. Maps were generated for all
scenarios. All time assumptions are shown in Table.

Results
Maps were generated for California, United States; Alberta,
Canada; and Ontario, Canada (Figure). These maps show the
modeled probability of good outcome based on the previously
discussed probability model. Green regions represent a greater
probability of good outcome via Mothership, whereas red
indicates that Drip ‘n Ship is best. Orange indicates that either
option yields a similar outcome (±2.5%) and neither is necessarily superior. The color tint increases (becomes more white)
as the probability of good outcome decreases. Gray indicates
areas with sparse infrastructure or little population. Maps are
shown for varying DNTs at the PSCs and varying onset-tofirst medical response times.
These maps show that the Drip ‘n Ship scenario is predicted to result in better or similar outcomes compared with
Mothership only when the PSCs are able to administer alteplase
within 30 minutes of hospital arrival. When the DNT at the PSC
is longer, the Drip ‘n Ship scenario is predicted to be beneficial
only for those PSCs that are further away from the CSC. When

the onset-to-first medical response is longer, the Drip ‘n Ship
scenario predicts a better probability of good outcomes than the
Mothership scenario. The predicted probability of good outcomes declines as the distance to the CSCs increases.
These results are only valid if the CSC has highly efficient
workflow. If the DNT at the CSC is 60 minutes and the doorto-reperfusion time is 200 minutes, Drip ‘n Ship is favored
with distances of ≥45 minutes between the CSC and PSC
(DNT at PSC is 30 minutes). Many CSCs may be able to
consistently achieve shorter door-to-reperfusion times in the
Drip ‘n Ship. Our model favors Drip ‘n Ship when the doorto-reperfusion time is ≥70 minutes.

Discussion
These maps demonstrate that any remote PSC retains its significance through the Drip n’ Ship scenario, regardless of its
DNT, but only if it is a significant distance from any CSC.
For those PSCs that are in close proximity to a CSC, their
significance is only retained though the Drip ‘n Ship approach
if they are able to administer alteplase within 30 minutes.12
The Drip ‘n Ship approach becomes more favorable when the
onset-to-first medical response time increases. However, the
CSC must be efficient in both administering alteplase and also
in achieving reperfusion through EVT to retain benefit of the
Mothership scenario.
This work provides an initial model incorporating geolocation mapping for the transportation of ischemic stroke patients
for EVT; therefore, there are limitations to this work. We used
the best available decay curves, but the patient groups for the
2 curves are different. The ESCAPE curves are from an ideal
research trial for all patients who received EVT, and the Get
With The Guidelines–Stroke curves are from a patient registry for all patients treated with alteplase, including those who
would not be eligible for EVT, such as milder strokes with distal occlusions who tend to do better with alteplase. The probability of good outcomes for these 2 groups is different with a
more rigid definition with the Get With The Guidelines–Stroke
group (modified Rankin Scale score 0–1 at 90 days), which
may provide some compensation for the inclusion of milder
stroke patients in the alteplase decay curve. These data only
show travel times through the fastest ground transport, and
Table. List of Time Assumptions Made in the Model

Onset-to-first medical response

Drip ‘n Ship, min

Mothership, min

30, 60, 90

30, 60, 90

Time on-scene

25

25

Scene to door

Geographic model

Geographic model

Door-to-needle

30, 60, 90

30*

Needle-to-door-out
PSC to CSC
Door-to-reperfusion

20

NA

Geographic model

NA

115*

115*

CSC indicates Comprehensive Stroke Centers; DNT, door-to-needle time; NA,
not available; and PSC, Primary Stroke Centers.
*Sensitivity analysis is performed on these constants. For Mothership, DNT at
CSC of 60 min and door-to-reperfusion of 200 min is also included. Additionally,
the tipping point of door to reperfusion in the Drip ‘n Ship option is also modeled.

Milne et al   Modeled Transportation Options for EVT    793

Downloaded from http://stroke.ahajournals.org/ by guest on April 7, 2017

Figure. Modeled endovascular transport option map for
California (top), Alberta, Canada (middle), and Ontario,
Canada (bottom). DNT indicates door-to-needle time;
FMR, first medical response; and PSC, Primary Stroke
Center.
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transport times may be shorter through both rotary and fixedwing air transport. As more data become available, alteplase
decay curves for large vessel occlusion and actual EVT data
from registries can be used to improve this model.
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