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Abstract

There are two treatments fischemic stroke: medical treatment (tPA) and endovascular therapy
(EVT). EVT can only be used to treat ischemic strokes causedbbyeavessel occlusion
(LVO). EVT is only offered at hospitals with sufficient resources

A previously published model predit s t he outcome of patientds wh
based on how they were transported, Drip and Ship (tPA only fdaisitythen EVT facility) or

Mothership (direct to EVT facility). Both patient outcome and transport cost functions were

develped forthese strategie$he addition of rotary wing transportation was conditionally

applied to inteffacility transfer scenarios where it provided a time advantage.

In most regions, both outcome and cost can be optimized to indicate whether Dripaod Shi
Mothership is preferred. Regions exist where outcome and cost are divergent however, the
difference between Mothership and Drip and Ship in these regions is marginal.
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Chapter 1. Introduction

Strokeis the second leading cause of death and first leading cause of disaloifitwide.*

There argwo types of strok& hemorrhagic and ischemic. A hemorrhagic stroke is caused by a
bleed in he brainand an ischemic stroke is caused by a blockageebrain Ischemic strokes
aremostprevalen. The American Heart Associatioaported that ischemic strokes made up
87% of all strokesuffered in 2028

Ischemic groke isa time dependant disea3ée stroke community commongncapsulatethis
with the phrasdime isBrain. Time isBrainis a concepivhich wasfirst introduced byGomez

et alin 1993 andwaslater quantified i2006by Savet who demonstrated that approximately
1.9 million neurons are losvery minute an ischemic stroke goes untrealé&ds normalized the
idea that stroke is a highly time dependent disease for which minutes matter. Therefore,
treatment needs to occur quickly and efficientligere are currently two treatments for ischemic
stroke.

Prior to 2015, ischemic stro&eould only be treated using a thrombolytic drug, Intravenous
recombinant tissuBlasminogerActivator (IV-r t PA) whi ch i s commonly r e
but isalso known as alteplasBhysicians administer tPA aimingdssolve the clot causing the
stroke and return blood flow to the affected area of the brain. In medical terms this is called
reperfusion.

tPA was first accepted as treatment for an ischemic stroke around 1995 after a series of trials
werepublished proving its safety and efficatylt is widely accepted thdor a patient to

benefit from tPA it must be administered within 4.5 hours of the onset of their 8tkdheever,
administeringPA within this time frameloes not guarantee reperfusioroay approximately

30% of patients treated with tPA see improvement in their symptdine.effectivenessf tPA

is time degndant and was quantified with a decay curve in 2014.

Ischemic strokes can be further classified by the location of the stroke causing clot. Large Vessel
Occlusions (LVO) are defined as blockagésheinternalcarotid artery, proximal, posterior,

middle, and anterior cerebral artert€sA blockage in any other vessel in thiain is known as a
nontLarge Vessel Occlusion (nLVOIn 2015 a series of five cliical trials proved thesafety

and efficacyof a new treatment for ischemic stroke now known as Endovascular Therapy
(EVT).1515 These trialproved EVTis aneffective treatment for LVO ischemic strokesdalso
indicatedfar better patient outcomeghen compared toeatment withHPA alone EVT is an
endovasculasurgery, during whicla physician attempts to restore blood flomthe affected

areas of the braiby removing thelot using a specialized retrieval device. In a successful
procedure, reperfusion is achesl.

Initial trials'Y ° indicatedthat EVT is an effective treatment for up to 6 hours after the onset of
an LVO ischemic sbke. Two subsequent tridfs’ proved that EVT can be effective in treating
an LVO ischemic stroke for up to 24 hours after onset in some patimwgver, between 6 and
24 hours theroportion of patients eligible for EVT rapidly decred8ééandtimely access to
treatment remains paramouHbw long a patient stands to benefit from EVT after the onset of

1



an LVO ischemic stroke varies on a case by case basis and is typically deperidamtiaomch
braincan be saved hyerformng the treatment. The time dependency of BX&E quantified
with a cecay curve in 2016 for EVT.

Patients suffering an ischemic stroke can be eligible for both EVT and tPAératf a patient

is eligible for both treatments, tPA isuallyadministered first to get a head startrestoring

blood flow and a subsequent EVT procedungedornmed to remove the rest of the clot and
completely restore blood flow. Due to the natof stroke as a disease, the effectiveness of both
tPA and EVT are time dependértf The probability of reperfusion vs time curves looks slightly
different for tPA and EVT but in generidde probability of an excellent outcome exponentially
decays as timrom stroke onset increases. As a result of this both treatments hmeve ti
windows in which they have been proven effective. tPA is an effective treatment for up to 4.5
hours aftethe onset ofan ischemistroke® EVT was originally thought to be effective for 6
hours after onset but recent DEFUSENd DAWN trials have proven that it can be effective for
as long as 24 hours after onset (depending on an individual patikagnostic scans§:*’

EVT procedures require expensive resources and expert medical professionals which results in
there being very few medical centegmableof deliveing EVT. The followinghealth centre
descriptionhavebroademeaning in the strokecommunity butfor simplicity in this thesisthe

terms will be used dsllows: Centres that are EVT enabled are commonly referred to in the
stroke community as Comprehensive Stroke Ceint@SCs. Medical centres capable of
administering tPA but unable to perform EVT are refetoeds Primary Stroke Centre$SCs

It has been established that a system providing fast access to treatment is critical to stroke patient
outcomes, but a system is only as effective as its ggpekeAn ischemic stroke can only be
confirmed using CTcomputa tomographykcan a CTA (computed tomography angiography)
scan confirms a large vessel occlusi@i and CTA scans are only offered in a hospital setting,
apart from CT enableambulances which are extremely costly and thereforeBgreirtue of

this, he gatekeeper tie ischemic stroksystemis pre-hospital diagnostic strokeols Pre
hospital screeningcalesare a quick clinical assessmelavelopedor use byparamedicén the
fieldto assesap at i e nt 0 sf hdvinghstroke Ther@ade now preospitalstroke scales
thatarebeing used by paramedics to detect the possible presentésohamic stroke caused by
an LVO. If any ofthesenewfield screening toolarepositive, itindicates a higfikelihood the
patient is said to have a suspected LVO ischemic stroke

Following the identification of a suspected LVO ischemic stroke in the field, the best course of
action for transportation is uncertain for any pati@hose stroke onset occurs outside the direct
catchment area @ CSC.This uncertainty stems from the time dependency of the disease

best to transport the patient to the neaP&tfor tPA and confirmation of the LVO ischemic
stroke diagnosigen transfer ta CSC for EVT or is it best to bypass the neassbkefacility

and transport directly tonedEVT enabled facility?The former is referred to &rip and Ship

and the latteMothership In theDrip and Ship methqdhe patientypically receives tPA earlier,
but the start of the EVT procedure is delayedhbMothership methodhe start of tPA is often
delayed, but the EVT proceduneginsearlier. Additionally, in thé@rip and Ship methqanly

those patients with a confirrdé.VO will be transported to the EVV&nabled facility.



In the short period since the acceptance of EVT into common medical practice, a rich area of
research has developed surroundirgch transportatiomethodis best Drip and Ship or

Mothership Thisthesisassumes transportation is completisthg ground transportatipne.,
AmbulanceHowever,a r transportation can reduce a pati e
commonly used for the intdacility transfers occurring as a part of thap and Skp method

Air transportation is costlgind healthcare resources are limigd therefore, worthy of

investigation Thisthesisaims to investigaten which scenarios Drip ar@hip,or Mothership are

preferred with consideration phtient outcomes andatisport costs including both air and

ground transportation options.



Chapter 2: Literature Review

A review of the existing literature surrounding ttransportation dilemma for suspected LVO
ischemic stroke patientthe inclusion of intefacility transfer via airand transport cost
modellingwas conducted and is presented in the following sections.

2.1 The Cutting Edgeof Suspected LVO Patient Transport DecisMadelling

The goal of optimizing transport decisions for ischemic stroke patietatsnaximize the

p at i ahante®@fdunctional independence in their life gisbke.Numerouslementplay a
part in an ischemic stroke pati@butcomewhichcan bebroken down into two groups: patient
specific andsystem specifielementsPatient spefic elementsare attributeshata patient
possessesuch as age, sex, pegisting conditionsgontraindications to treatmeand collateral
circulation.System specifielementsarecharacteristicef the stroke system of casach as
efficiency, time o treatmentsdistances tstroke treatmerfacilities, andpre-hospital stroke and
LVO screening toolsThis lengthy list ofoutcomeinfluencingelementsupportgheidea that
transport decisions for ischemic stroke patientsrarkifactorialand therefore compleXAs is
the case when modelling most systeassumptions must be maglertaining to which factors
that influenceghe model shoultie thefocus.Models considering various combinations of
outcomeinfluencing factors havbeeen published in the literatuaed are described below

The elements involved in modeling and planning stroke systems of care were summarized by
Lima et al*® . Thispiece highlights the technologies and methods on the cutting edge of modern
stroke care. With this, the authors comment on the importance of developing regional systems of
care for acute stroke care delivery and the complex relationships that existreatvest

outcomes and prRospital scales, transport decisions and triage algorithms. Ultimately this

article explains the factors whidffectthe outcomes fot. VO ischemic strokgatiens and

highlights the ongoing research efforts to improve them.

A decision tree approach to model the transport decision for suspected stroke patients was
presentedby Venema et af® . Their model includebothpatientand systenspecific
characteristics such aspatien @geandsex likelihood of a confirmed LVO diagnosikpspital
locations andime to treatmengfficiencies.This study uses quality adjusted life ye@@ALYS)

as an outcome metric to estiméte impact a decision has on the patients quality andiguah
life after treatment. Thbase case of this model indicated that for a 68 year oldvhase
likelihood of a confirmed LVO diagnosis 34%direct transport to a CSIE preferredvhen the
CSC is located 45 minutes away from the patient

A model usng similar patient specific input parameteras developed bgchlemm et &', and

it compared 1@cenariosvith various circumstances considered in edtiis modelproduces an
output the indicates what score on the RACEhmspital scalshould represntthe cutoff point

for direct transport to a CSC. Thapproachallows the prenospital scale to act as tdgnamic
threshold foithe decision whilaccounting fothe fact that not all regions should have the same
threshold formaking thedecision totansport directly to the CSC facilitipisability adjusted life
years (DALYS) are used asd outcome metric used in this studshicharesimilar tothe



QALY sused in the Venema etZlIstudy. Ten differentiriage scenarios were evaluatsdme
realistic and somabstract. In mangf thereal worldand abstracscenarios thetrategy
produced by the modelas expected teesult ina populatiorwide gain of 8 to 1®ALYS.

Early access to treatment is dependant omptedospital identification ofuspected ischemic
strokesbut what happens in a system where no formahpspital LVO screening has been
adoptedXu et al?2 consideedtwo scenarios, the first assuming the system has no formal LVO
screening in place and the secanekcognized praospital LVO screening tool in placeéhe

results produced in this model indicate Drip and Ship as the preferred nrethgystem with
efficient PSC treatment times bab formal LVO screening in plac&/hen PSC treatment times
were slowed, Mothership was preferredgardless of if a formal LVO screening tool was
employed.

Simulation provides different insights intlee complexities of the traport decision paradigm

for ischemic stroke patientBogle et aP® developed a discrete event simulation model to assess
the prehospital portion of the stroke system of carénn Americancounties This model

assumes that if an LVO could be confirmed in the field the optimal transposiaewould

always be the Mothership methddhis model providginsight into where and whesver triage
(defined as patients who aransported directlyo a CSC but end up ineligible for EVIB)

prevalent versus under triage (defineghasents who are notansported directly to a CSC but

are eligible for EVT)This model was used to identify how different transport protocol and triage
practices affect the volume of patients transported according kdtieershipmethod.

Numerous outpt metrics havéeen used to access the impact of transport decisions for
suspected LVO ischemic stroke patie@shlemm et af* developedwo benefitharm ratiogo
guantify the impact of a decision mad€hefirst ratiois associated with the Drip and Ship

method ands calculatedy wei ghing the increase denreage pati e
in their onset to tPA time. The second ratio is associated with the Motherghipdnaed is
calcul ated by weighing the decrease in a pat.i

to tPA time This model is also unique in its consideration of more than one PSC location. This
consideratioomodels private healthcare systeeteer thana public system like Canada has but is

still a novel aspect of this moddlhis model indicates an optimal decision faaadomly

generated geographic scenaifiibe primary findings reported for this modedlicate that in

approximately one thirdf the scenarios testedtheb e n e friga dbu otfi an i n a pat.i
EVTtmeexceeded the fAharmodo of an i meanegtsere i n a p
Mothership method was preferrgdthese scenarios

Some of this research takes place in a generalized solution space, but others have attempted to
apply research methods to specific regions. To do this Gapgleation programming

interfaces (API) areseful as thegpllow communication witlother softwae developed by

Google, such as google mafgjaddini et al*® applied Google API to their research attempt to
optimize CSC catchment areas in a region of Austréha.primary goal of this was todgop a
simplistic Google model to optimize the catchment areas of CSCs in the.kgiecondaryand

more complexersion of the modehcluded road conditions, traffic, and forecasted demand.



This publication proved the effectiveness of Google APl aseful tool in designing the optimal
catchment areas for CSCs.

2.2 TheEvolutionof the DESTINE Model

Research swounding transport decisions for suspected LVO ischemic sbhegan shortly after

EVT was introducea@sthe best practice for treating theseiguatis. An early contribution to this

body of work was published by Milne et&loutlining the DESTINE Decision Support Tool in
Endovascular transport) projedtis projeciconsists othe development of a model to predict

the probability of an excellent outcome for a suspected LVO patient based upon how they were
transported to treatment, according to the Mothership or Drip and Ship méthiediodel

determinge a p probabditydf @n excellent outcomeased ortheir relative location to the

PSC and CSC facilitupon the onset of their stroke asel/eralother input variablesuch as
treatment efficiency at each facilitfhis model was meant to serve as a preliminary model and
starting point for future work.

Building on both the Milnet al?® publication as well aa second iteration of the preliminary

modef’, Holodinksy et aP® aimed apply a conditional probability model to existing clinical trial
data and test its ability to identify when Mothership and Drip and Ship protocols are preferred.
Thisversion of thanodel recognizes some of the shortcomings ohpspitd stroke scales by
accounting for those patients who were suspected to have an LVO byaspital scale but

were later confirmed with a different diagnosis such aslné@, ICH, or stroke mimics. Inputs
considered in this model are onset location (ENtXEup location), doato-treatment times at

PSCs and CSCs, travel times between centres, and the possibility of patients incorrectly
suspected of having LVO. Fifteen scenarios were analyzed in this project. Scenarios vary by
travel time between PSC and C§L0, 30, 60, 90, 120 minute scenarios evaluated) as well as by
treatment times at both the PSC and CSC (optimal performance at both the PSC and CSC, slow
performing system at PSC, sloperforning system at CSC scenarios evaluated). In this analysis
an exellent outcome was defined as a 90 day mRS scord of Be resulting conclusion made

was that a conditional probability model could be successful if implemented as a triage algorithm
for LVO ischemic stroke patient transport decision making.

Developingan algorithm that can make good patient transport decisions is only half thé battle

the other half is the implementation and usability of the interfaces and methods applied along
with the algorithm. Holodinsky et &f.published a paper in 2019 discussing the testing process
they used to evaluate the usability of the interface associated with the model discussed in the
previous paragrapf.They enrolled several patipants in their study from varying backgrounds
(physicians, healthcare administrators, paramedics and nurses) asking each of them to use the
interface, provide feedback on its usability and interpret its output. This paper establishes a valid
method fortesting the interpretation of model output. This is a necessary step in an iterative
design proces® end up with a final product useful to thoseowtill end upusing t.



2.3 Access to Endovascular Therapy

Unlike administering tPA, EVT is not a simple proueslfor hospital facilities to offer as it

requires specialized personal and equipment. For this reason, EVT is a centralized procedure in
most jurisdictions which makes access more complex for patients whose onset occurs outside the
catchment area of a €SSince this procedure has only recently been accepted into common
practice, very few jurisdictions have mastered delivering equal access to EVT for all eligible
patients®®

There are many reasons for limited access to EVT but a consistently aitedsissbottleneck at
the PSC for patients transported according to the Drip and Ship method. Minimizing the bottle
neck has potential to be the single greatest modifier of outcome for LVO patients transported
according to the Drip and Ship methd his can be accomplished with in hospital system
efficiency improvement, and/or the consideration of the Mothership method for some patients
whose stroke occurs outside the catchment are&€8Ca

It is known that treating an ischemic stroke with EVT has proven to produce better patient
outcomes than treating with just tPA alddié® From this it is reasonable to infer that better

access to EVT will result in better patient outcomes. Better patient outcomes are synonymous
with more functional independence and a better quality of lifegoske which consequently

results in a reduction in the financial burden associated with the long term care and rehabilitation
of patients recovering from an ischemic stoke.

2.4 Cost Analysis of LVO Ischemic Stroke and Pati€ransport Decisions

While addressing resource issues thast in stroke systems of care in Canada, Whelan®ét al.
highlight the initial costs involved with delivering stroke care as overwhelming but go on to
mention the major cost savings associated with the prevention of disability. The cost savings
associated with the prevention of disability are harder to gbdnakze since thegreoftenmade
up of ma n gostdbat thase dreeimportant to consider when attemptingnderstand

the overall cost of delivering a stroke system of care.

Severapublications haveresented the cost savings associated th@functional independence
EVT can help LVO patients achiev&chit et al*>* compared_VO patient datdor those treated
with both EVT and tPA with those who were treated with tPA al@y patients who achieved
functional independence were included in thiglgtwhich was quantified as those patients who
achieved a 9@lay mRS score between 0 and Be results of this study showed that patients
treated with both EVT and tPlad an increased rate of functional independen@®.9%for an
increased cost &2,116.00USD ($3,740.00 CAD). This proved the use of EVT and tPA to be
cost effective in comparison tBA alone.

A few publications investigate the cost effectiveness of ESifig QALYs.Heggie et af?
assessed #hcost effectiveness of EVT using two timelines, 90 daysadidtime. To do so
Heggie et alperformed a metanalysis of seven EVT clinical trial§his analysis found that
over a 90 day time horizahe EVT procedure cost 5207 GB¥,204.00 CAD) per0.025

QALY gain, which was considered cost ineffectit#awever, over a lifetime this analysis found
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thatthe EVT procedure cos£8,466.00GBP $6,127.00 CAD) per QALY gained, which was
considered cost effectiv@his studycited its primary finding to bthat the benefit of EVT

procedure outweighs the cost incurred by its implementatioother publicatiof? aimed to

study the cost effectiveness of EVT in a similar manner but focused on patients treated with EVT
between 6 and 24 hours of their stroke orRizizo et aPf® assessed the cost effectiveness for this
cohort of patients on a 20 year time horizmmg a Markov model and QALY%$his study

foundthe cost of EVTwas$1,56400USD $1,952.00 CAD) when the procedure wagrformed

12 hours after onse$s,25300USD ($6,643.00 CAD) when it wagperformed 16 hours after
onsetand$3,71200USD ($4,633.00 CAD) whenperformed 24 hours after onsdthese results
demonstrated th&VT is cost effective up to 24 hours after onset.

The SWIFFPRIME investigation teamwho published one dive clinical trials to prove the
efficacy of EVT, used the data they collected during their trial to assess the cost effectieness
treating an LVO ischemic stroke with tPA and EVT versus tPA albhis analysis was
performed by Shireman et & considers total hospitalization costs of patients treated in the
SWIFT-PRIME! trial. This investigatiorfound the initial hospitalization costs of patis

treated with both EVT and tPA to $87,18300USD $21,44400 CAD) higherthan tPA
treatment alonghich was driven by the obvious difference in procedure cost. At 90 days
patients treated with both EVT and tRv&re still found to be higher than patis treated with
tPA only, but over a lifetiméhe cost savings associated with being treated with EVT and tPA
were projected to b$23,20300USD $28,95700 CAD) when compared tlifetime projections
for patientdreated with tPA onlyThis indicates cdsffectiveness of treating LVO patients with
both tPA and EVT versus tPA alone.

As discusse@bove several publications have proved the e&ffdctivenes®f theEVT

procedureby proving thatbetter outcomes redutige cost associated with pestoke disability

Yan et af’ investigated the overall cost associated sitbke care in 2018 his publication is

thefirst introdudion of health technology optimization procedsiepplied to EVT transportation
decisions. The method is stated to optimize the decision making process by maximizing patient
outcomes and minimizgcosts to the system. This analysis produced a map illustrating the
optimal transportation strategy for any stoke onset locatitinconsideration of both

transportation and hospitalization costs associated with sffbiseanalysicontributedo the

field by proving that the delivery of EVT optimized to maximize patient outcomes is also
optimally cost effective

2.5 Gaps in the Literature

Following this reviewof the literature on patient transport decision models for suspected LVO
ischemic stroke patids,a lack ofresearctsurrounding the benefits ofter-facility transfer via
rotary wing is apparenRotary wing is commdwy the chosen mode of transportation the
inter-facility transfer that occuras a part othe Drip and Ship methodir transportation
obviouslyreduces the travel time between facilitvsich therefore means the time the patient
spends outside a hospital facility is nmmzed.



There is also a lack of information surrounding ¢bstimplication of transportation decisions.

The use of aitransport is costly, and though decisions should always be acadeding to what

is best for the patient, it is important to understand the financial impact this has on the healthcare
system.

This thesis ans to fill these gaps by creating a model that accesses both patient outcomes with
the inclusion of the advantages and complexities involved with-iatdity air transporas well

as the costs associated. This thesis will also aim to provide insiglthételationship between
patient transport decisions and the cost of trangmsdciated with the most likely transportation
mode given several scenarios.



Chapter 3: Methodology

Building on the conditional probability model by Holodinsky ef&that was described in the
literature eview sectionthe model isexpanded to include air transport between the PSC and
CSC and a quantification of transport c&pecifically, the model considers two things:

1. AsuspectedLVO schemic stroke patientds probabilit:

methodused to transport them to treatmémilothership or Drip and Shjp
2. Theexpectedcost of the transpationmethod used to accompliire chosermethod

This model is probability based addterminesheeffecta transport decisionas on both an

i schemic st r ok andthecost oftheir ianspat tiottreatmditas evidence
basedapproachs intended to helmform transport protocsfor suspected_-VO ischemic stroke
patients

Theformulatiors presented ithe sulsections of this chapteomputeboth patient outcome and
transportation cost functiorier a suspected LVO ischemic stroke patidintese formulations
determinghe probability of an excellenpatientoutcomeandthe cost of transportationsingthe
MothershipandDrip and Ship methadrhe probability of an excellent outcome and expected
transportation cost are theampared taeterminen which scenariosach methdis preferred.

3.1 Time to Treatments

For a stroke patientine to treatment is defined as the window of time between the onset of the
stroke and the beginning of treatmeéerime to treatment is paramount for ischemic stroke
patients A patients onset to redletime is defined as the time between stroke onsetrendtart

of tPA treatment as tPA is administengd intravenousA patients onset to puncturéme is

defined as the time between stroke onsetvatidthe time of groin puncturgwhich is thestart

of the EVT procedureSeverakevents occur between a pati@rg st r o kteeatroentsadaf a n d

whichtaketimeApat i ent 6 s o0 Vv er iadtomposed anthe duro of seveetdtitn me n t

events Times to treatment differ for patients transported usiktpthership methods aDrip
and Ship methgdhese distinctions amescribed irthefollowing subsections.

3.1.1Scene of Strok&ime Variables

There are various time intervals that are part of tlegalonset to treatment time that are
critical to the model being prasted.Thetime intervals associated with teeene oktroke that
precedehe transporof the patientire used in the time to treatment formulation of both the
Mothership andrip and Ship methad These variables are described below:

First medical contact (FMC) ibe time whenhe 911 calis madeaftert he pati ent 6s
has been noticedhe time between the onset of fespectedtroke and th@&11 call isdenoted
below & O . After the 911 call has been placéuere is a delay prior to thembulance
arrival, which isdenoted belowasO . The timethe paramedic crew spends at the
scene of theuspectedtroke before departing for treatment isdied belav asO . These
time variables are denoted below:
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Once the paramedic crew has identified that the patient is indeed suspected of suffering an LVO
ischemic stroke and assuming the scene of the suspected stroke is outdiigeticatchment

area of a CSQhepatient is transported using eithibe Mothershigand Drip and Shigransport
methodmust be made.

3.1.2Mothership Time to Treatments

If the transporidecision to follownthe Mothershipmethodis madethe patient is transpted
directly to the closest CSC for both tPA and EVariables specific to the Mothership method
are denoted below using the following subscript.

-3 O0A0OAODD QEAORN OEADBBED A
The time it takes to travel between the scene of th&estaind the CSC by ground ambulance is
denoted below a® s - Itis assumed that any transport direct from the scene of the

stroke will occur via ground ambulanbecausdanding an air ambulance at the scena sfroke
iS uncommon

0 s VI QOMBD £iGOREVOT HBAG I TOIGE oW i el 0dONVEE

A patient transported accordingttee Mothershipmethodreceives the entirety of their stroke
treatment at the CSC. This means that any time variables related #faanigr transfer do not
applyin thiscase. Keeping in mind that their initial travel from the scene of the stroke to the
CSCand initial treatment was extended because the scene of their stroke occurred outside the
direct catchment area of the CSC.

Upon arrival at the CSC and the confirmation of an ischemic stliakmosis the patient will

first be treated with tPAThe begining of the tPA treatment is marked by tdministration of
thetPAbolus The ti me bet we eitheraPSCartCS@dthebaginrang ofi val t
t PA treatment i s referr ¢DIN)tinte. Apatienatrans@otted e nt 6 s D
accordng tothe Mothershipnethodreceives tPA at the CSC and their correspon@imdy time

is denoted below &8

0 "Y'QEEN 6 0 QOE ‘@Y E N0 @'QQQE NOEEEE IR £ 0 ¢ OE a
The beginning of EVT treatment is marked by the groin puncture that occurs to insert the
catheter used tetrieve theclot The ti me between a patientds at

beginning of EVT treatment is referred to as
time for a patient transported accordindtie Mothershipnethodis denoted below as

0 YQOEN 0 0 QQE '@HETH®E Qo FQQQE N@EEEE IR £ 0¢ OE &
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Even though th®TP time of a patient transported accordindhe Mothershipnethod

correspods to the same facility as that of a patient transported according Erip and Ship
method they are differentiated with subscripts because they tend to differ for logistical reasons.
When followingthe Mothershipmethod the patient is beinggansporéd directly from the scene

of the stroke to the CSC. This means €T eligibility is unknown at the time of arrival and
needs to be confirmealith CT and CTA scanghereforancreasingheir door to puncture time
relative to that of a patient transpadtaccording téhe Drip and Shipnethod

Theoveralltime totPA and EVT treatmerfor the Mothership methoaverepreviously defined
by Holodinksy et & and usd in thisthesis Eq. 1andEq. 2define the onset to needle and onset
to puncture times, respectively for a patient tranggousinghe Mothershipnethod

g eVl Y ovgrd e Yav— s evhar w Vel s Wb EQL

Tovgao b Vvl Y va Yevig aYmwd r H Eq. 2

A visual aid included below ddgurel is a timeline whichllustrates the relationshifsetween

the time variables defineabove Thesize of thentervals within the timeline are not to scale.

The right side oFigurel (highlighted in yellowy correspond teéhetime variables defined above

in Section3.1.1 The left sidghighlighted in blug¢correspond to time variables defined

previously in this section which are specific to a patient transported accordirggNtwthership
methodAddi ti onally, the ATransport Protocol Deci
poirt in the timeline where the decision to transport the patient accordihg Mothership

methodis made.

Scene of Stroke Mothership: Direct to CSC via Ground

TRANSPORT

METHOD
DECISION
Ground
Ground |Ambulance Ambulance
Stroke FMC Ambulance Departure from Arrival tPA EVT
Onset (911 call) Arrival Scene of Stroke at CSC Begins Begins
Ltonset to FMC Trmc to amhulance_’.—tun 5cene+tscene to CSC|64“—tDTN @ csc 4
toe @ csc

Figurel: Mothership Methodimeline
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3.1.3Drip and Ship Time to Treatments

If the transporidecisionis to follow the Drip and Shipnethod the patient is transported to the
PSC for tPAVariables specific to the Drip and Ship method are denoted below using the
following subscripts.
$1 300A0A0DH QEAOBMOBDAEEABAOET A
' O0OAOAOBDAEACHT @OMAT OPI OOAOQOEIT 1
I OO0AOAODD QERA@EIDMAT OPT OOAOQET 1
The time it takes to travel between the scene of the stroke and the PSC is denoted below as
6 ..
) s Y QOMBW ¢iao 0N oT DBRYx OOET ¢ ' O OT A 4 0AT 0P

Upon arrival at the PSC and the confirmation of an ischemic stroke diagnosis the patient will be
treated with tPAThe DTN time of apatient transported accordingttee Drip and Shipnethod
is deroted belowa® , 8

0 "YQOKNO 0 QQE WIdH®E Q0 O'QQQE NIRRT "OF KR 1 £ 06 O

If a patient was transported accordindhe Drip and Shipnethodafterthe administration of

tPA andthe determination of theEVT eligibility has been confirmed they are transferred to the

CSC for EVT. The time between te&artof their tPA treatment and their departure from the

PSC is referred t DoorCut(NIDQ@)émei Thisis dersotedNbelendas e t o

0 . Similarly, the time between a patientods a
to as their Dootn-Door-Out (DIDO) time, which is the sum of their DTN time and their NTDO

time. This isdenoted below a8

) 0 QQOEIE £0i6 & QWO L OAVGE LYOQH O 6061 Q
) 0¢ £0¥0¢ £0160 ® QAWM O L QIOE "AWECBQN G G FAYO
The transfer time for a patient transported according t®thpeand Ship methot the total time

it takes to prep the patient for the transfer plus the travel time between facilities. Transfer time is
denoted below as 8

o YQOOE T W61 OE NRDIE GO QRO 0 RYHE OYO

Theinter-facility transferin the Drip and Shipnethodcan occur via either ground or air
transportation. If the transfer occwia ground ambulance the transfer time is simply the time it
takes to travel via ground ambulance between the PSC andlGiSGs denoted below as

0 s - If the transfer occurs via air ambulance there are significant lead times thaiemus
considered. The time requiredgerform necessary prélight checksafter the initiation call and
before the aircraft can take asfreferred to as the alarm to wheels up time, denoted below as
o] . The travel time for the aircraft to get from its base to the PSC is denoted

below asd . The time the air ambulance crew spendshenground at the PSC before
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departing in route to the CSCrisferred to as the eground time, denoted below as

o 5 . Once the aircraft arrives at the PSC the patient can be loaded and transported to
the CSCthistravel time isdenoted below a& s -

0 s Y QD @MIO®O 0 RWHE & YED O QUODICWE 6kILIE | NET 0 DO NVE ¢
0 0 QR L QO &HRE QO "GEOXTENED T VDI QD @ IR & 'Q

0 YE O @DIQEOR 0 QIO U QOE iox BYS

0 5 "YQO Q) Q& BIMQI € 663 "@ D & QEQRHM YO 'QQENDDA HGi 001 Q

0 s Vi OL@MIHWO 0 NWHE O YRD O QWOQICOWE i &I NGO QE ¢

Following the arrivabind preparatioof a patient transferred from the P&Che CSGhe
patientmoves directly to begin EVT. The tarbetween arrivadt the CSC and the puncture that
begins the EVT proceduies t he p at iTaenDTP tame DrTaPatient tnaresported
according tdhe Drip and Shipnethodis denoted below as ¢  8A patient transported
according to the Drip and Ship can deteriorate during theirfatdity transfer This ismost
likely to happen when a transfer takes longer than 60 minntdse event of a long transfer to
ensure the patient is still eligible for EVihey are often emagedupon their arrival at the CSC
which adds to their DTP time.

0 YERQo Q0o 0 QQE GG E Qo HQQQE NQEERT "G TXOR 1 € 0 € OE

When following theDrip and Ship methqdhe CSGsnot i fi ed as soon as the
for EVT is confirmed athe PSC. This gives the EVT team more time to prepare for the

procedure and therefore shortens the Door to Puncturedlatee to that of a patient

transported according tbhe Mothershipnethod This is why the subscript for DTP times
differentiatesbetweerthe Mothershi@nd Drip and Ship patient.

The overall ime totPA and EVT treatmerfor the Drip and Ship methodere defined
previously by Holodinsky et #landusedin thisthesis The onset to punate formulation was
modified for the inclusion of intefiacility air transportation anthe consideration of renaging
in the case of bbng transferEq. 3andEg. 4below, define the onset to needle and onset to
puncture times, respectively for a patient transported wsa®rip and Shipethod

«. Ve~ mm 1. 0 -'— ﬁ Vim- -4 rm<ad r 1‘1|J3 H ¢ Eq. 3

Tovguwo - eprln - vgmlp g v s Vhvig p Vi mk] F Eq. 4
4% H r Yt vEa® b

Thetransfer time for a patient depends on which mode of transporitsitised for the
interfacility transferWhen air is usethe transfer timés defined using a max furion. The max
functionaccounts for the simultaneous relationship between preparing a patient for transfer and
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initiating an air transfer by comparinige times involved with bothThe outcome of the max
functionpluso s Is the total tansfer time for a patient transferred between facilities via
air, this is shown below i&q. 4.1. It is assumed that the air ambulance is landing at a helipad at
bath the PSC and CSC within this definition of air transfer tilhground is usedhe transfer

time is defined as the sumaf  pluso s » this is shown below ikq. 4.2 The max
functionis omitted from the ground transfer function becatheground ambulanct® arriveis
already on scene.

LR PISh R NS PRI S SRV P SRy Eq. 4.1
H el
Gt ol b Mol Eq. 4.2

Figure2 andFigure3illustrate the relationship between the time variables defineviously for
a patient tragported according tihe Drip and Shipnethodwhose inteifacility transfer took
place via ground and air, respectivelfnesize of thantervals within theetimelines are not to
scale.The right side of thegeigures kighlighted in yellowy correspond to time variables
defined above isection3.1.1 The left sidghighlighted in greencorrespond to time variables
defined previously in this sectionrfground Figure2) and air Figure3) interfacility tranders.
The ATr amtspoalt Peoted anithese timelinésindicatethe approximate point
in the timeline where the decision to transport the patient accordihg frip and Shipnethod

ismadeThe fAAir Advantage Deci si adoindicatethe al so not ec

approximate point in the timeline where the decision to carry out thefauiéty transfer via
ground Figure2) or air Figure3) ismadeF i nal | yi, ma dhee DiRei si ono i s
timelines to indicate the approximate point where the decisionitage at the CSG made.

Scene of Stroke Drip and Ship: Inter-Facility Transfer wvia Ground
TRANSPORT AIR LONG
METHOD ADVANTAGE TRANSFER?
DECISION DECISION
. o Gbr'olund tPA An?bmlund Gbr'olund
roun ulance Ambulance Beglns ulance Ambulance
stroke FHMC Ambulance peparture from Arrival at Departure Arrival at EVT
onset (911 call) Arrival scene of Stroke PSC from PSC £sc Begins

‘ v

*tonset to Fc®LruC to ambulance®ton soene—*®=Tscene to pscic—$—toTn ¢ psc—®—tumn tesc to csc|c—#*—toTp|pns———*
i ° f
: 0

;
tpipo—
i

teransfer

Figure2: Drip and Ship Methodimeline with Interfacility transfer via Ground

15

no



Scene of Stroke Drip and Ship: Inter-Facility Transfer via Air

TRANSPORT AIR LONG
METHOD ADVANTAGE TRANSFER?
DECISION DECISION
Ground tPA . Air
FMC Ground Ambulance Ambulance Begins Air Ambulance Ambulance
Stroke 911 Call Ambulance  peparture from Arrival at Air Ambulance Departure Arrival at
Onset ( all) Arrival  scene pf Stroke PSC Arrival at PSC from PSC

;
*tonset to Fuc—®trnc to ambulance ®—ton scene tscene to Pscle

Figure3: Drip and Ship Methodimeline with Interfacility transfer viaAir
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_talarm o _g Tairbase. Pa ton ground,
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@ PSC

toipo

EVT
Begins

tpsc to csc)

t transfer

toteipns:
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3.2 Final Diagnosis for Suspected L\@atients

An LVO ischemic stroke can only be confirmesingCT and CTA scansvhich are only
available in a hospital setting paramedicsn the field observe strok&ymptomsthey use a
quick clinical assessment called g -hospitalscreening todl to quantify the likelihoodhat the
observed symptoms are being caused by an LliMBe patient screens positive for a probable
LVO ischemic stroké h e p anteninefiaeld d@gnosigs referred to as auspected LVO
ischemic stroke

Three commoipre-hospital screening tools are considered in this model. The Los Angeles Motor
Scale (LAMS) was developed in 268and proven effective for LVO identification in 2688

LAMS assesses three clinical indicators of stroke: facial strength, arm strength and grip strength.
A score of four or more on the LAMS indicates a suspected LVO. The Rapid Arterial oCclusion
Evaluation Scale (RACE) was developed in 281RACE assesses five clinical indicators of

stroke: facial palsy, arm motor function, leg motor function, gaze, and aphasia/agnosia. A RACE
score of five or more indicatessuspected LVO. Lastly, ti&roke Triage Assessment TG+

STAT) was developed in 2045 C-STAT assesses three clinal symptoms of stroke: conjugate
gaze, arm weakness, and the presence of an abnormal level of consciousness commands. A C
STAT score of 2 or more indicates a suspected LVO.

Four primary final diagnosiexistfor a patient who screens positime one of these scalés an
LVO in the field?®

1. LVO Ischemic Stroke

2. nLVO Occlusion Ischemic Stroke
3. Intracerebral HemorrhadéCH)

4. Stroke Mimic(SM)

A nLVO is an ischemic strokehere the clot is not located in a large vessel of the braifCHAn
is a hemorrhagic stroke, caused by a bleed in the bre@&M & an ailment that presents
symptoms of a stroke but results in a different final diagnésisekample a seizuye

The fdlowing variables have been assigned to represent the final diagnosis proportions for
patients who screen positive for an LVO in the fi@ldevalues assigned to these variatdes
dependant on which piteospital stroke scale is in uSghese values aderived from
standardized measurldee the positive predictive value, sensitivity, and specificitye sum of
all four proportions musdlways sum to equal one.
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3.3 Proportion of LVO Patients Treated with Endovascular Therapy

Not all patients sufferinfrom an LVO ischemic stroke are treated with EVAIN LVO patient
may bedeemedneligible forEVT treatment because of som@ndition(s)theypossess.
Conditions of suclare calleccontraindications Contraindicationgxclude a patient from being
eligible for treatmenbecause of an increased risk posgethe patient if the treatment were
given.There are several contraindicatiadoEVT such &: poor collateral circulatiora
presumed inability to access the adotortuousvesselsn the opinion of the neurmterventional
team,a lack of brain to savi@garge corejn the opinion of the neurimterventional team,
contraindication to the cormstagents used for imagingontraindication to the alloythe
retrieval devicés made ofpreviously diagnosetérminal illnessetc#243

To account for patientsith contraindications to EV,Ta probability was formulated in the
model** Gis definedasthe probability of a patieneceiving EVT given they are suffering an
LVO ischemic strokeThis is equivalent to the proportion of all LVO patients receiving EVT.

9 066/ 001 AARBE BOBRACGIEAMG 6 AEACT T OE
Thetotal proportion of patients eligible for EVT are those vdtoeen positive in the field and
have a confirmed LVO and@ho possess no contraindications to EMT procedure. This

proportionis modeled by theroduct of andd. In the Drip and Ship transport method, only
these patients| 2 9 will be transferredo the CSCor EVT.

Like EVT, contraindications to tPA treatmetid exist This model does not include a similar
variable to model thproportion of patientesho possess ctraindications taPA. From a
mathematic perspective, includiagvariable to account for a proportion of patients with
contraindications to tPAnd assigning the same value at both the PSC and CSC would result in
the same results as a model without atdergitions ofPA contraindications.

3.4 Consideration of the 4.5 Hour Time to Treatment Constraint on tPA

Contraindicabrs also exist for tPA treatmeas they do for EVIThe contraindications of tPA
treatmentvere not considered as a part of this mo@lels modelassumethateverypatient

with a confirmed diagnosis of an ischemic stroke, nLVO and LVO patiiitseceive tPA
treatmentlf a constant proportion aéchemic strok@atientsareassumed to beated with tPA
regardless of thmethodusedto transport them to treatmembuld result in the same results as
the model being presented without thikeally, to considercontraindicators of tPA artthe
proportion of patientreated with tPA one would assign a different value for a patient
transmrted according to Blothership methods aDrip and Ship methodowever, thigs out of
the scope of this model.

The onlyrestrictionp| aced on tPA treatment in this model
time. Current guidelines restritteatmentvith tPAto 4.5 hours (270 minute$jom onsef,
meaning that if a patientods st rtothepotenyalsiartt o ms b

of their tPA treatmenin either a PSC or CSC facility they are longer eligible for tPA
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treatmentWhether or not a patient was within the 4.5 hour period since the onset of their stroke
was calculated within the model using the followetgationsEq. 5calculates thenaximum

time that can be used transporthe patient to théacility to remain within the 4 fhour window

for apatient transported according to ethership methoavho receives tPA at the CSEq. 6
calculates te samdor a patient transported according to Brg and Ship methadf either of

these equations are negative the patient would not be eligitiRA upon arrival at the facility.

0 R ¢ X O 0 0 o , Eq. 5

0 R ¢ X O 0 0 0 Eq. 6

3.5 Probabilities of Ground and Air Intéacility Transfers

For an ischemic stroke patietime saved i€xtremely valuablas itequatego millions of
neurons savediir transportation can provide significant time savings in some scenaties
inclusion of air transportation &critical element of thismodelas itis commonly useth reat
life implementéions ofthe Drip and Ship methad

Rotary wing aircrafbften can land at a facility the facility has a helipad.i¥ed wing aircraft
are much more restricted in where they can sthey typically require a runwayor these
reasos, the model assunsa lead time, speed, and landiogpability of a rotary wing air
ambulancenly.

To develop a probability of an air transfer occurring between facittfesv thingswvere
consideredthe distance between the facilities, airworthy weather, and air cesavailability.

3.5.1Formulation ofProbability of Air or Ground Transfer

The overall probability of an intdacility transfer occurring via air transportatiortli® product
of the probability of aitransportatiorbeing considered, probability of air worthy weather and
the probability of air resource availability.

The probability of considering air for an inticility transferis derived from the idea of a time
advantage. Air transportation will only be used #an provide a time advantage to a patient by
getting them to EVT treatment quicker than a ground ambulance can. The mathematical
formulation for this timexdvantagés defined belovasEq. 7.

Y'Y YQEOMU & GEIAQOE | N € H D OO0 RERN: &2 O ANIAbE QQI

Y o s O 0 0 . 0 : Eq. 7

The time advantage formulatiamused to model the probability of air being considered for an
inter-facility transferis a piecewise linear functioif.o model the consideration of air for an
inter-facility transfer it was assumed that the time advantage offgredt must meet a certain
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thresholdfor air transportation to be considerdthis threshold is denoted in the modeVay,
where if the time advantage offereda scenarias less than or equal to this threshold, air
transportation is not considered. Likewiaghresholdvas createtb model the point where
ground transportation is no longer considered for the transfer and air is the only Dipison.
threshold is denoted ithe model a¥"Y, where if the time advantage offeriada scenaridgs
greater than or equal the threshold air is considered with a probability of 100 %. Between
these two thresholdslinear interpolation function was formulated to find the probsiof
considering air given thigme advantage air can offer in the scenario.

Y'Y 8 Qa®0 & o R a6 QQ0E ¢ | QU@ SR G Qi QD &ib QI
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0 Qi QER & O03R @B AdB X0 | 0 OV@DDiE | QU@ EID'Q Qi Q0 iwd) "CHQI

The ime advantage provided by air transportation is not the only factor considered when
deciding whichmode of transportation to use for the inAfi@eility transfer. Weather and
availability of air resources also play a big part in the decision between air and ground
transportationThe probability of airworthy weather and air resource availability (ss¢hea
aircraft, pilot, or other crew members) are also considered in modelling the probability of an
inter-facility transfer occurring via aiflheseprobabilitiesare bothconstant within the model.

The probability of air transfer is formulated belowEg. 8 The piecewise linear function that
models the probability of air transportation consideration described &bforenulatedbelow as
Eq. 8.1

0@ Q¥ Gii MG e & i QQABNVFO Q¢ ¢ Eq. 8
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e Y YY Eq. 8.1
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¥ p h QWY ¥y
The probability of ground transfes therefore:
000 ¢ O¥WiIQbe i "ONI0 O AV ©& i "QQI Eq. 9

The underlying assumption made in this formulation is that if a patient cannot be transferred via

air ambulancgtheywill be transported via ground ambulanoepractice, this manot be the

case due ttime to treatment eligibility guidelinendh ow f ast t he patientds
progressingThedecision between modes of transportation is only being maderimp and

Ship methodneaning the patient has already been administered tPA and is being transferred for
EVT. Originally to be eligibleforEVR pati ent 6 s o0 ns dessthamGhouwso have
before the beginning of their EVT treatmé&atwvever morerecent studies have shown that some
patients can benefit from EVT for up to 24 hdfSafter onsebf their stroke Benefitting from
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EVT for longer periods is a very patient specific trait that can onlgdagified with CT and
CTA scans. For these reasptie assumptiothat every patient is transferred via ground if air is
unavailables valid.

3.6 Definition of an Excellent Outcome

The outcome functions described in Seconestimate the probability of an excellent outcome

for a patient who scres positive for an LVO in the field. This function is used in the model to
determine which transportation method produbeshighest probability of an excellent patient
outcomeThe quanti fy a paayiMedificdRankimScdlgnRShiseused. he 90

ThemRSis a common metric used to evaluate stroke patient outcomes. The evaluation of this
metric done 90 days post stroke is referred t
as an accurate measure for how affected the patient whsibgtroké®. The 96day mRS score

is evaluated using a series of questions and results in a score between zero (no symptoms) and
six (death). A score of zero indicates the patient has no symptoms of their stroke afiedtatys
occurred A score of one indicates the patient has no disabilitthas some symptom& score

of zero or one is considered an excellent outcome for an ischemic stroke ‘{3

following model formulatiorthe notation mRS € refers toan excellent outcom@ill clinical

trials for both tPA and EVT used @y mRS as their primary endpoint. Typicatlytcomes

have beemlichotomizedn these trialto good and bad, where a-88y mRS of O or 1 is

considered a good or excellent outcoriide formulations described below for modeling good
outcomes are derived from the pooled analysis of the clinical triatofbtreatments:*®

3.7 Probability of Excellent Outcomfer a Suspected LVO Patient

The followingprobability function formulationare modifications of thogaresented by
Holodinskyet af® and modified for use in this model.

The probability of an excellent outcome for a patient who screens positive in the field for an
LVO is equal to the sum product of the four possible final diagbasis their respective
probabilities of an excellent outcomteachterm in the equationorresponds tmne of four final
diagnoss for a patient who screened positive in the field foL¥®. Each term multiplies the
proportion of patients witkachfinal diagnosis byhe probabilityof achievinga 93day mRS
score of 0 or Biven the final diagngls as presented in the clinical trialefinitions of the four
possible final diagnas of a patient who screens positive in the field for an LVO can be found
above inSection3.2 The definition of an excellent outcome according tortitScan also be
found above irSection3.6.

The highl e v e | formul ation for a paticanbéeféound pr obabi
belowin Eqg. 10
EO] ] S VAo rmmt
» E'D44 SERE s Eod{ 94 qE Eq. 10
A

FEDA skpy eED4{ 4
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The probability of an excellent outcome for ICH and SM patienta@réme dependannd are
thereforeconstans. The probability of an excellent outcome fatlv classes of ischemic stroke
patients, bVO and LVO, are time dependaRoled tinical trial data was used to develop a
time dependant function to predict tbability of an excellent outcome given an nLVO and
separate time dependant functions to fmtetie probability of an excellent outcome given an
LVOZ?8, The subsequent paragragtescribe how the constants and functiareused to develop
this model.

An LVO patient can be treatevith both tPA and EVT unless the patient possesses
contraindications tone or bothreatmens. The overall probability of an excellent outcome for
an LVO patient is defined by the probabilities of an excellent outdont®th procedures. The
probability of possessing a contraindication to EVT is explained, defined, and assignedto the
variable inSection3.3 of this report.

As previougy explained inSection0, no contraindications of tPA were considered in this model.
The onlyrestriction placed on tPA treatmenttims modelis thetreatment time window for tPA
being4.5 hours (270 minute$) This meanshat if a patierds stroke symptoms began more than
4.5 hours prior to their confirmed ischemic stroke diagnosis in either a PSC or CSC ttaeylity
are no longer eligible faiPA treatmentThis is reflected in thenodel for both nLVO and LVO
patients mice bothcanbe treated with tPA

Theexpectedrobability of an excellent outcome fan LVO patienis formulated below akq.

10.1andhas two variationsontingentona pat i ent 6 s o fMhe Brétvariaton need | e
reflectsa scenari o where the patientds onset to ne
meaning they are eligible for tPA treatment and the model assumes they will recEneefitst

variationis formulated below a&q. 10.]A. Thesecondvariationreflectsa scenario where the
patientds onset to needle ti me swmepmnghees t he
only course of treatmemor their strokas EVT. The secondariationis formulated below agg.

10.1B. Within thetwo variationsthreeprobability componentexistand are subsequently

described

Eq. 10.1A models he expected probability of an excellent outcome for a patient who has been
diagnosed with an LVO artdeated with tPAIt consists of three term§he first is the

probability of an excellent outcome given thia patienhas been treated with tPA. The second
term is multiplied by the compliment probability of an excellent outcome given tPA treatment
and then subsequently broken down into two p#rtsse who have contraindications to EVT and
those who do not. For the proportion of patients who do not have contraindications to EVT their
probability of an excellent outcome also includes the probability of an excellent outcome given
that they have bedreated with EVT. The proportion of patients who do possess
contraindications to EVT their probability of an excellent outcome also includes the probability
of an excellent outcome from an LVO patient given that they receive no treatment.

Eqg. 10.B models the probability of an excellent outcome for an LVO patient who does not
receive tPA treatmemsind therefore whose only treatment option is EW€onsists of theum
of two terms The first refers tahe proportion of these patients who do not have
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contraindications to EVT their probability of an excellent outcome also includes the probability
of an excellent outcome given that they have been treated with BEMEecond refers to the
proportion of patients who do possess contraindications to EVT their probability of an excellent
outcome also includes the probability of an excellent outcome from an LVO patient given that
they receive no treatment at all.

N O@'YX pdwlh o IR 61 i
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Further definition of therobabilitytermsshownabovein Eq. 10.1A andEq. 10.B are
formulatedbelow inEq. 10.1.1Eqg. 101.3 The probabilitieof an excellent outcome for an LVO
patientgiven they were treated witRA or EVT are found ifceq. 10.1.landEq. 10.1.2
repectively. These fonulationswere developednd publishedby Holodinskyet af®. The
probability of anexcellent outcome foanLVO patientgiven they received no treatment can be
found inEg. 10.1.3and was developed Iyolodinskyet af® usingESCAPE: trial data.

O@'YX pOwho 06

. . Eg. 10.1.1
TR OV WBITITITTTOT C T8 T IO
0 G YN 0 WOOW"Y
P ® ) . Eg. 10.1.2
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An nLVO patient is only eligible for tPA treatmeiithe probability of an excellent azame for

an nLVO paient was deeloped by Holodinsy et af® and is shown below iEq. 10.2 Like the

probability of an excellent outcome defined for an Lp&ient,this formulation has two

variations contingentoa pat i ent 0 s o hhe #rdt vatiabon refeeasdalseenatioi me .
where the patientds onset to needle time is |
eligible for tPA treatmentral the model assumes they will receive it. The first variation is
formulated below aEg. 10A. The second variation reflects a
onset b needle time surpasses the-Adur threshold for tPA eligibilitymeaning there is no

treatment available for the patieithe second variation is formulated belowEas 10.38.
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Theprobability of an excellent outcome givemlavVO given no treatment was used in the
original formulation of thestunction® but the constant valugf 0.4622assignedd it originates
from apooledanalysi$ performed using data frorseveratrials of the effects of tPA on
ischemic stroke patients.

- O@YX pg Owbh o TR O
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EOq4{ edqfF 0CYN pg0d@b &1 Qdo a Qe o Eq. 10.B
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The probability of an excellent outcome foriatracerebrahemorrhage patiensg not time
dependant and is therefaeonstant valu@ his is shown below ikqg. 10.3 This constantvas
usedin the original formulatioff of these functionbut originates fronseveral trials of
intracerebral hemorrhage treatnmé@nt.

"E“D=| _” §|= Fo T® T Eqg. 10.3

The probability of an excellent outcome fosteoke mimicpatientis also notime dependant.
The constant probabilityepresenting this is shown belowki. 10.4 This constant was used in

the original formulatioff of these functions but originates from seldrials of stroke mimics'
59

"E"D=| _” s_“ 1 mom Eqg. 10.4

3.8 Expectedlransportation Cost

Transportation costinctionswere developed with the assumption that the overallafost
transportations composed of bothfaxed cost elemeras well as a cost elemeahat varieswith
the distancéraveled Fixedtransportation cosiscludeexpensemdependent from the distance
the ambulance travels such ashicle insurancedepreciation of vehicle valusalary of
ambulance dispateins,and other overhead costs associated dédivering ambulance services
Variable transportation costs inclueepenses dependant on the distance traveled welhee
such asfuel, paramedic salaryghicle maintenancend othedistance dependant costs
associated with delivering ambulancevsses.Paramedic salary was included in the variable
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costs to assign the cost of paramedic time that is dedicated to the stroke cases, which could
otherwise be spent on other diseases.

3.8.1Cost FunctiorVVariable Definitions

The following variables were defx for use in the Transportation Cost functions developed as a
part of this model:

4# 40A1T OPT#HIOEOET 1
4 #$ 4 OAT OPT#I00@E A © DERE O QAA AABARNTAR A

~
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SEBNAOEOT @WOMAT OPIEDABEN BIOE OAGEAM®A Ml A A Al
6 AOEAADEOT @OMAT ODIAOAHO EAATAT A ASIE |
SEBNADEZEEOMAT OPDAOAHD EAATAI A Al
6 AOEAADEEWMAT ODAOAHO EANIAT A ASE i
$EOOARAAABRA Al BRERAOOAEBEHA3 £ |
$SEOCOARAAABRRA ATORERAEOA EBEMAS3 #£ |
$EOOARBAARBORI AT GQE#S #E |
$EOOARAAABARE OMA GEQA3 #E |
The additiorof air transportation and cost functiomsjuired distances, not just timd®
calculate these distances constant speeds were assumed for each mode of transportation

Distances were calculated usiting timesdefined inSection3.1and assumed speedsfined in
Section4.6.

@B B L B O R O R R

Distances travelediere assumed to leual for both air and grouranbulancesvithin the
model. In the real worldhe distance traveled by a ground ambulance is approxinfatetimes
the straighdine distance traveled byaair ambuland® and this should be considered if using
these formulations onraalworld map.

3.8.2Return to Base Penalty for Ground Transportation

The cost of an ambulance is not the only cd&stion in deciding on how to transfer a patient
between two facilities. The displacement of an ambulance over a long distance disrupts a
communityy $ambulance coverage and can result in paramedics working lortimedrours

having to transport patienlisng distances via ground. To account for an ambulance needing to
return to its base location once a patient has been delivered to their final location and to align the
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model more closely with how decisions anade, theost of ground transportation froitme
sceneof the strokeo a patierds final facility destination was doubled for both Mothership and
Drip and Ship methad

Returning to base was only accounted for in ground transportation scenarios since community
ambulance coverage is not an issueaio ambulances. Air ambulances are employed within an
ambulance response system tdriagel longdistances and therefore accounting for their time
back to base does not enhance the model.

3.8.3Cost Function Formulations

In aMothership methodhe patient igransported directly from the sceokthe strokeo the

CSC for tPA and EVT treatmentBhis means the transportation cost function fitathership
methodis simple. As shown ikq. 11 the transportation cofr aMothership methots made

up of the fixed cost of ground transportation plus the variable cost times the distance thaveled.
is assumed thatir transportatiorrannot be useith the Mothershipmethodsinceit is unlikely

that an air ambulanamuld land at the scemd the strok&.

TRY 31 7 Trdm<ads T Eq. 11

In aDrip and Ship methgdhe patient is first transported to the P®CtPA which allows for

the opportunitya rule out an LVO diagnosandbr EVT eligibility. Only patients with
confirmation of an LVO diagnosis and EVT eligibilitye transferred from tieSC to the CSC.
This brings an opportunity for transportation cost savinggh was modelled by formulating an
expected cost for a patient transported usiBgip and Ship methad'he first term inEq. 12
accounts for the cost of transportation between the sifé¢he strokeand the PSC in Brip and
Ship methodthisterm of the equation is further defingdEq. 12.1 Again, it is very unlikely
that a helicopter could land at the scehée strokdor transporto the PSCand herefore it was
assumed that transport from the scehthe strokeo the PSC could only occur via ground
transportatio®’. The subsequent terno§ Eq. 12model the intefacility transferincluding the
probabilities that it is medically necessaryd the probabilities of it occurring via air or ground.

Theprobabilitya patient who is suspedt¢o have an LVO in the fieldas a confirmed LVO
diagnosisthis is represented by the alpha variablewhich was defined above Bection3.2
The proportion otonfirmed LVO patients who are eligible for EVT treatment is represented by
the Y variablewhich was defined above Bection3.3. The alpha and Y variables araultiplied
together to represent the proportion of LVO pati¢inés areeligible for EVT and who therefore
will require an intesfacility transfer in aDrip andShip methodPatients who require an inter
facility transfer in aDrip and Ship methodan be transported using either a ground or air
ambulance. The probability of the transfer occurring via both metisochlculated for the given
scenario (described Bection3.5) and multiplied by the cost of that transportation methagd.
12.2andEg. 12.3further define the transportation cost of ground anttansportation
respectivelyEq. 12.3includes the distance travelled by thie ambulancdetween the airbase
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and PSC plus the distance between the PSC and®distance betweethe base and the
PSCwasconsidered negligible for a ground ambulanceammunities have constant ground
ambulance average.

Eq. 12.2includes grime version othe fixed ground transportation cp&t. This wasusedto

model thefixed cost of groundransportation used for intéacility transfer.The knowledge of a
potential intetfacility transfer becomes available as soon as the decision to transport the patient
using aDrip and Ship methot made. It is understood that there is a significant@han

suspected LVO patient will have a confirmed LVO diagnosis and will be eligible for EVT. This
means the patient will require further transport to a CSC. It was assumed that forewarning of a
potential intetfacility transfer allows for logistical decams to be made in advance about how

the transfer will occur. Therefor&, represents thixed cost associated with an infacility
transfervia ground transportatiowhich is assumed to be le$mn& , the fixed cost associated

with scene to facilitygroundtransportation.
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3.9 OutputAnalysis and Visualization

There is no uncertainty in the decision to transport patients whose stroke onset occurs within the
catchment area of a CSC, as a patient would be transported directly to the CSC for treatment.
Therefore, it is only necessary to employ the model in thesiigagion of transportation

decisions for areas outside the catchment area of the CSC. To demonstrate the results of this
investigation in a manner than can be applied stroke systems universally generic temporospatial
diagrams were implementetihe subseabns below will introduce and explathe

implementation of these diagrams and how they will be used to display the results of the model.

3.9.1Introduction tothe Temporospatial Diagram

The temporospatial diagram consistseberal concentric circles atwlo markersto represent

the PSC and CSC facilitiek Figure4 the yellow circle in represents the location of the PSC

and the blue diamond represents the location of the CSC. The distance between the concentric
circles shown irFigure4 represents five minutes of driving tintg&ince he designed
experiments wil/l only evaluate scenarios wher
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area of the CSQhe concentd circles are truncated Figure4 halfway between the PSC and
CSC.

The temporospatial diagram will be colour coded to depict the results of the model. The colour
coding will indicate which transportation method is associated with the highest probability of an
excellent patient outcome and which method is least expensive.

PSC location

€ CSClocation
5 min Driving Time

\
Figure4: Temporospatial Diagram for Model Output

3.9.2Scene LocatiolRelative to the PSC and CSC

A point on the diagram is called a pixekchpixel within the bounds of the concentric circles
represents a potentistendor the onset of a strok&he relative position of each potential scene
to the PSC and CSC facilitiescalculated using the equation of a circle

The formulation of the model requires himary units of theelative position of thecene be
unitsof time. The resolution of thdiagramrepresentshe conversioffiactor betweemliagram
pixelsto time this is shown irfEqg. 13 In the model, resolution is assigned value which indicates
the numier of pixelsequate to one unit of time.

Below are definitions ofhe coordinate points used in the equation of a co@leulations below.
08 8AT T OAEIT AGGERMA3I HEGAI O
08 9AI T OAET ARGEEWMA3 HEDAI O
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3AAT BAT 1T OAEIN ARBKIAADE AT O
3AAT AAT 1T OAET ABBESAAPE AT O
28



The rearranged version of the equation of a ciiskd to caldate thedriving times from the
scene to the PSC and the scene to the @8€hown below irEq. 14andEq. 15 The
coordinates of the PSC are the center of the solution space. The CSC sha@otideate of
the PSC as depicted By. 16 The ycoordinate of the CSC is located below the PSC as
depicted below ifEq. 17 The distance between the PSC and CSC is varied in experiment
scenarios which idescribed in Sectiob.1 These equations are used to calculate the relative
position of every pixel on theiagram A visualizationof these calculations for an exple scene
is found below irFigure5.
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Y4 PSC location

& CSC location

+ Example Scene Location
S min Driving Time

(O Max Driving Time to PSC

{Sceney, Sceney}

x
™

{PSCx, PSCy}

253 28dy

{CSCyx, CSCy}

—

A J

Figure5: Temporospatial Diagrano lllustrateCalculationdor an Example Scene
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3.9.3Model Implementation using MATLAB

A

Each potential sceneds r aslcaculatedesingtbesmettidon t o t
detailed in Sectio.9.2 Thetime between the sceaad the CSCE(Q. 15.) is plugged into the

model formulatiorto calcula¢ the probability of an excellent outcor(teq. 1Q if a patient

picked up athesceneweretransported according to the Mothership methokiewise, the

calculated time betweendtscene and the PSEq. 14.) is plugged into the model formulation

to calculate the probability of an excellent outcoflag. 1Q if a patient picked up at that scene
weretransported according to the Drip and Ship metfibese two probabilities of an excellent

outcome are compared and the method which yields the highest probability of an excellent

outcome is noted.

The relative psition of each scene is also used in the transportation cost formuldtien
distancebetween the scene and the C&Q.(19 is plugged into the model formulation to
calculate the expected cost of transportipgtientfrom the scenaccording to the Mothership
method(Eg. 1. Similarly, the distancebetween the scene and the P&G. (15 is plugged into
the model formulation to calcuathe &pected cost of transporting a patient from the scene
according to the Drip and Ship meth(@t. 19. These two costs are compared and the least
expensive méiod of transportation from the scene is noted.

The Drip and Ship method also invohaas interfacility transfer which involvedhe time
between the PSC and CSC but since this is a fixed distiaaicenly varies between experiments
this portion of thecdculation is the same regardless of the scene location.

The describe@dpproach is known as complete enumerafan.all scenestheresults are

calculated as described abowemparedand the best option is selected. From, s results
illustrate where the cost and outcome functions agree and disagree on the best transportation
method.

The model was implemented using the R2020a version of MATLAB accessed using an academic
licence.The resultof the model are displayed usingeanporospaal diagramwhich was
created in MATLAB using the 2D pl@ndimshowfunctions.

The code described below began with code written for the previous publitTiois code was
altered to includair transportationconsideration of contraindications to E\ANd several other
elemens included in this analysihe transportation co&inctionand code araovel.

Portions of the code which are relevant to the analysis the pedelns have been included in
Appendix A The code istructuredusing sub routines each dedicated to a phasesof th
formulation.There are five totadub routines, each of which are outlined with a dddime in

the code diagram skwn belowin Figure®6.

The main module and first subroutine begin by initializing necessary variables then immediately

calls the second subroutine called User Pronipthvasks the user a series of questions using

the Alnputdlgo and AMenuo functions. These qu
such as the position of the PSC and CSC. For ease of use when running multiple experiments,

the MATLAB implementaibn was coded to ask the user a series of questions regarding the
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number of experiments to be run, if the user would like to save the oemppbtospatial

diagramto a designated file location, and if the default constants are to be assumed or not. This
frontend interface makes for an easily manipulated model which reduces the risk of human error
related bugs when trying to change a run parameter to run a different variation of the model.

Next, Pixel Colour Generation, the third subroutine is called, lmmdnalysis begins. This starts

by initializing a for loop to increment through all the pixels in the ougamipbrospatiatiagram

If the pixel is uncoloured and within the PSC catchment region, then the relative location of the
pixel to the PSC and CSE€ calculated. With this and still within the for loop, the fourth and

fifth two sub routines are called. The fourth subroutine calculates the probabilities of an excellent
outcome for a patient whose stroke onset occurs at the scene the current ppdetusi For

brevity in Figure6, the probabilities have been abbreviatethay are shown below:

T 00 O0O@'YXN péi Qbbb DI QQ¢

T 00 0@ 'YX p:éi Qbd@d O QQe
The fifth subroutine calculates the transportation costs associated with transporting the patient
from the scene according to a Mothership and Drip and Ship method<gsihiandEq. 12
Once these four data points have been calculated they are then passed to an if/else series to
determine which colour they will be assignechc® the colour assignment for the pixel is
determined, the RGB colour code for the pixel is stored in an array and the for loop iterates to the
next pixel. The Pixel Colour Generation subroutine runs until all the pixels within the PSC

catchment region habeen assigned a colour at which point the subroutine ends and returns to
the main module to create and return graporospatiatiagram

The outputémporospatiatiagramis created using the array storing the pixel colour
assignments, and the buitMhA ATL AB f uncti ons Al mshowo and API c
first used to lay the pixels in the correct location on émeporospatiatiagram Next the

concentric circles, PSC, and CSC markers are placed oenipotospatiafiagramusing the

Plot fundion. If the experiment result requires 4héur threshold arcs, these are also placed on

the emporospatiatiagramusing the Plot function. Once this is complete #gragorospatial

diagramis returned.
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Chapter 4: Data

Several variables within the model assume a constant value. The follavasgcsons outline
the investigating done tassignpractical values to these variables

4.1 Final Diagnosis foSuspected LVO Patients

The true positive field identification rate of an LVO and proportion of patients having another
final diagnosis varies depending on which screening tool is Uiséte 1 shows the proportion

of patients corresponding to each four of the final diaggios screening tools LAMS, RACE,
and GSTAT %8,

Tablel: Final Diagnosis Suspected LVO Patient Proportidns
LVO Positive Score

Final Diagnosis Variable LAMS 4 RACE 5 C-STAT 2
Large Vessel Occlusion | 0.4538 0.5294 0.4000
Non-Large Vessel Occlusion i 0.1092 0.1176 0.1826
Intracerebral Hemorrhage 0.3445 0.3137 0.2957
Stroke Mimic i 0.0924 0.0392 0.1217
1.000 1.000 1.000

4.2 Health System Constants

There are several constants that related to patient response and the healttAdgsteronstant
time variables used in the patient outcome formulations were kepanhe as they were in the
previous publicatioff to allow for comparison of resulthese include onset to first medical
contact, ambulance response anesoene times.

Nova Scotiabs LifeFlight has a goal of 15 min
art ransfer and the aircraft bei%Atrafsferiseel s upo
considered long if it exasls 60 minutes. The definition of air and ground transfer times are

different and are defined abovekq. 4.2andEq. 4.1 These times and their constant values are

shown belown Table2.

Table2: Time Constants

Time Constant Minutes

@) 30
o 15
o 15
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@) 15
o) . 20
o) 60

4.3 Airworthy Weather and Air Resource Availability

A 2005 study done in Nova Scotia analyzed EHS
data from July 1997 and JuB801°2 This paper published reasons for aborted missions and the
corresponding percentagf total flights aborted for each stated reasonrd hesnly two

reasons for aborted air missions relevant to ischemic stroke patesaisbed in this studyhe

first being missions abortetlie to weather unsuited for flyinghis studystates tha®.6 percent

of missions are aborted duevteather unsuitable for flyinghe compliment of this being 90.4

percent was used as the probability of airworthy weafftez.secondeason for aborted air

missions isa lack of air resource (aircraft and crew) availability at the time of the reqinest.

studystates thaB.5percent of missions are aborted due to a lack of air resource availability, the
compliment of this bein§6.5 percent was used as the probahdiftair resource availability.

These probabilities are consistent across all experiments and varied only in the sensitivity
analysis. A summary of these probabilities can baddaelow inTable3.

Table3: Air Probability Constants

Air Probability Constant Value

00 EOx | OOEQEAQ 90.4%

00 E2AAOT ODOAKLKT A 96.5%

4.4 Probabilityof Considering Intefacility Transfer via Air

Two thresholds must be assumed for the formulation of air considepaéisented in section
3.5.1 A negligible time dvantage was modeled a3 rinutes and a large time advantage was
modeled ag0 minutesThese thresholds feed into the modeled likelihood thataaisportation
is considered for the intéacility transfergiventhe Drip and Shipnethod

Time advantaggiven byutilizing air for the interfacility transfergiven thedriving time
between the PSC and CSC facilitisslescribed abovim Section3.5.1asEq. 7. The probability
of consideringan interfacility transfervia air is also defined above $ection3.5.1asEq. 8.1
Figure7 illustrates this probabilityy-axis) givena range ofime advantage(x-axis).
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Figure7: Probability of Considering Intdacility Transfer via Air

4.5 Cost of Ambulance Services

The cost of ground ambulance services is mostly subsidized in Canada for patients using the
service within their home province. Because of this, researching the true of cost of ambulance
services proved difficult and it was decided that the closest \alhe true cost would be the

price listed for a noiitizen of the provinceA few provinces offer cost informatiasf this kind
Table4 summarizes the information found.

Table4: Costof Ambulance Servicer nonResidents of Various Provinces
Ground Rates Rotary Wing Air Rates
Flat Variable Flat Variable
Nova Scotia EHS nefanadian $1,099.38° - - -
Nova Scotia EHS out of province | $732.9%3 -
$1.06* per

Nova Scotia EHS - - -

litre of fuel
British Columbia EHS patients 5 $4,394.08°
, : ) $848.06 - -
without medical service plan per hour

6
STARS Calgary . ) i $3;fr0r?6%8r

$650.06’ - - -

Ambul ance New- Br
entitledo reside
Amb_ulance I_\Iew Brunswick out of i i $6.500.067 i
province resident
The format of the research@dnsport costs Table4 did not match the formulation of transport
costsin the model Thereforethe transport costs ifable4 areused tanform an educated
assignment of the cost variables in the motleé model assumesconstanfixed ground cost
"0, of $500.00anda variable ground cosb , of $5.00 per km which is applied in every instance
of ground travel except an int&acility ground transferAn interfacility ground transfer is
identified as a possibility as soonthe paramedics suspect a@ ischemic stroke in the field.

35



It is assumed thdhis gives the logistics teamouting the ambulances more advanced noticed

that an ambulance may be required for the transfer and therefore most likely results in a lesser
fixed cost associated with ground transport. The fixed ground cost asfumaegiound inter

facility transfer,’O, is $40000. Themodel also assumediged air costof $2,50000and a

variable air cost 0$12.00 perkm.

Transportation cost@re consistent across all experiments and varied only in the sensitivity
analysis. These sts are summarized belowTable5.

Table5: Cost Constants

Cost Constant Value

& $500.00
& $400.00
& $2,500.00
6 5 $/km

6 12$/km

4.6 Ambulance Speed Assumptions

In urban areas ground ambulances average speed is around 67 km/hr, in rural areas this increases
to approximately 100 km/If¥f. The model assumes a constant value of 80 km/hr for ground
transportation which is approximately the average of urban and rural speeds.

Nov a S crambulanéessenace, EHS LifeFlight, employs two Sikorsk§6E+ helicopters

to provide their services to the provirfé& he specification document for the Sikorsky &

fleet indicates a maximum cruising speed of 287 km/h and an average cruising speed of 254
km/hr/® The model assumes the average constant speed kfrZbr for air ambulance
trangortation.

Ambulance speeds are consistent acadksexperiments. The constant speeds are summarized
below inTable®6.

Table6: Speed Constants

Speed Constant Value

Ground Ambulance Speed | 80 km/hr

Helicopter Ambulance Speg 254 km/hr
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Chapter 5: Experiment Design

Severalkexperiments were designed to model various\weald scenariosThe variables kept
consistent across all experiments were defined and assigned vallrexpier 4 Severalvalues

for three keydifferentinput variablesareused for experiment3he key input variables chosen

are tle driving time between the PSC and C8@e to treatment efficiengyand LVO patient

EVT eligibility. The combination adcenarios created using these three key input variables
creates sixteen experimenthiedefinition of these input variables and the scenarios created for
each are defined in the subsequent sections of this chapter.

5.1 Driving Time Betweenthe PSC and CSC Fdities

The first varied input in the experiments is time between the PSC and CS&burscenarios

were defined for experiments on this moddiese scenarios were defined assuming ground
transportation and are convertedatpbtransportation timeshennecessaryThe first scenario
models one hour of driving time between the facilities and subsequent scenarios represent an
additional hour of driving time, up to four houfis@able7 showsthefour different scenariofor

time between the PSC and CSC facilitised in experiments

Table7: Driving Time Between the PSC and CSC Scenarios
Time (min) Scenario 1 Scenario 2 Scenario 3 Scenario 4

0 . 60 120 180 240

Thescenarioslefined inTable7 differ from the five defined in the previous publicaédbut it
was decided that the representation of longer distances between facilities was important for
modelling the use of air transportation. Another contrilgutactor in the decision to use longer
times between facilities wabkereality of long ground transfer times the maritime provinces.

Air ambulancesystems typically centralize resources in a location nearest the CSC. For this
reasonjt was assumed théhe time between the airbase and PSC were equal to the distance
between the PSC and CSC.

The probability of an intefacility transfer occurring via aolepends on thiéme between the

PSC and CSC, the probability of airworthy weather and the prolyadfiliesource availabilitas
shown above iEq. 8 Therefore,Table8 shows the probability of the intéacility transfer

occurring via air or ground for a patient transferred according to the Drip and Ship method given
each Hospital Location Scenario.

Table8: Probability of Air Transfer for each Hospital Location Scenario
0 s 60 min 120 min 180 min 240 min

0@ QVi ©i £¢QQ 0% 0% 62.79% 87.15 %

0 OO0 ¢ O¥iQhi ¢ 100 % 100% 37.21% 12.85 %
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5.2 Time to TreatmenEEfficiency Scenarios

The second variedhputis the times to treatment efficienciwo efficiency scenarios were
defined for experiments on this model. These definitions are consistbrthose used in the
previous publicatioff in order to produce comparable uikts.

Two efficiency scenarios were defined by varying these times. The first hospéaariomodels
a system wheran inefficiency in time to treatment at the PSC fac#itysts buthe CSC
performing optimally, this is referred to as the inefficisatnarioThe second effiency
scenarianodelsa system where both the PSC and @@&@ormoptimally, this is referred to as
the efficient scenaridrable9 shows thdgime values associated with eagtficiency scenario.
The bolded values in this table indicate the differences between the two scenarios.

Table9: Time to TreatmenEfficiency Scenario Definitions

Inefficient Scenario Efficient Scenario
Q4,5 s 60 min 30 min
Q) s/ Door to Needle 60 min Door to Needle 20 min
Q43#3# 30 min 30 min
Qaons- 3 60 min 60 min
Q i Long Transfer: 45 min Long Transfer: 45 min
405813 Otherwise: 30 min Otherwise: 30 min

5.3 EVT Eligibility Scenarios

The final varied input in the experimentghg proportion of LVO patients who are eligible for
EVT, i.e. do not possess contraindicatitmthe procedureyhich is referred tas the EVT
Eligibility Scenario.Sincecontraindications to EVT therapy are commonly a proportion of
LVO patients are treated with EVT. This is discussed in det&kection3.3where the
variable was defined to represent the proportion of EVT patients treated with EVT.

A retrospective study of LVO ischemic stroke patients at an academic med&aterwas
completedbetween 2010 and 2014. 8study aimed to arrive at a proportion of LVO patients
who are eligible for EVT treatment outside of a clinical trial setting. The retrospective data was
compared to the inclusion criteria of the five origiBMT clinical trials'> and the proportion

of patients who would have been eligible for EVT according to each set of orclriteria was
noted. This method concluded that there is a great deal of variability in the proportion of LVO
patients treated with EVIiE between 62% and 100% of LVO patients would have been treated
with EVT according to these criteria. These resultv@rthat the proportion of LVO patients
treated with EVT is very dependent on the set of radiological inclusion criteria being used in
daily practice.
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Interventional neunadidogists involved with the development of this model indicated that

between 501d 70% of LVO patients are treated with EVT according to their experiéitce

not | ikely that in a physicianbs everyday pra
EVT. Taking this into consideration, two EVT eligibility proportionsre chosen to use in

experiments for this model. The first scenario assumes a more stringent set of EVT inclusion

criteria. The second scenario assumes a less stringent set of EVT inclusion Tatdea0

shows the proportions associated with each EVT Eligibility Scenario.

Tablel1Q: EVT Eligibility Scenario Definitions
Proportion of LVO patients eligible for EVT EVT Scenario 1 EVT Scenario 2
® 50% 70%
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Chapter 6: Results

Transport method decisions between Mothership and Drip and Ship for a suspected LVO patient
with consideration of patient outcome and transportation costs are presented in this chapter. The
Drip and Ship methodccounts for the probability of the intkcility transfer to occur via

ground or air transportation modes. Scenarios are presented to illustrate the impact of hospital
treatment time efficiencies, distances between PSC and CSC facilities, and theqraort

LVO patients treated with EVTn each experiment the maximum distance from the PSC was
assumed equal to the distance between the PSC and CSC which explains the increasing radius
from left to right inthe results presented in the following subsestio

The LAMS prehospital screening tool is assumed for all the results shown unless otherwise
stated. Similar tables for the RACE a@e5TAT prehospital screening tools can be found in
Appendix BandAppendix G respectively.

The thick yellow line shown in some of the figures indicates thédus tPA threshold for

transpoting a patient via the Mothership method. A patient whose stroke onset occurs above this
yellow line is ineligible for tPA if transported according to a Mothership method because their
travel time from the scene of their stroke to the CSC causes theitomsedle time to exceed
the4.5-hour threshold for tPAThis threshold is further explained abovesiection3.4, Eq. &

Similarly, a thick white line shown in some of the figures below indicates thiecwStPA

threshold for transporting a patient according to the Drip and Ship method. A patient whose

stroke onset occurs outside of this white line is ineligible for tPA if transported according to a

Drip and Ship method because their travel time from the scaheiotroke to the PSC causes

their onset to needle time to exceed thehhbr threshold for tPA. This threshold is further

explained above i®ection3.4, Eq. 6 If a suspected LV(patienb s scene o0id stroke
outside of the 4four threshold for tPA at bofcilities, theycan only be treated with EVT.

The mapsllustrating the experiment resulise coded using four colours to indicateich
methodachieveghe best clinical outcomevhich method is least expensive aithey coincide.

A The red colour illustrates areas on the mapere the Drip and Ship metheebults in a
higher probability of an excellepatientoutcomeand is least expensive.

A The purple colour illustrates where the Drip and Ship metbsadlts ina higher
probability of an excellematientoutcome but the Mothership method is least expeasi

A The blue colour illustrates where Mothership mettesiilts in a higher probability of an
excellentpatientoutcome but the Drip and Ship method is least expensive.

A Areas coded with purple and blue are referred to as divergent results as the twasuncti
produce contradicting results for which methotegter

A Finally, the green colour illustrates where the Mothersésuilts in a higher probability of
an excellenpatientoutcomeandis least expensive.

Tablel1l1l summarizes the meaning of the colour cod®@glour blind accessible results and a
corresponding legend can be found\ppendix Di Appendix G
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Table11: Colour Co@ Legend

HighestProbability of = Least Expensive

an ExcellenDutcome | Transpot Cost

Drip and Ship Drip and Ship
Drip and Ship Mothership
Mothership Drip and Ship
Mothership Mothership

6.1 Baseline Results

Sixteenbaselineexperiments were run on the model to ma#slerarealworld scenariosThe
results of these experiments are shown beRBCefficiency scenarios, two EVT eligibility
scenarios, and four drivingne between the PSC and CSC scenarios were combinechte cre
these experiments.

Figure8 andFigure9 illustrates the results for experiments run with inefficeemd efficient
treatment times at the PSt@spectivelyThe base case resuéteeshown in the first row of
Figure8. The base case was run with inefficient treatment times at tham880% EVT
eligibility for LVO patients.Each of the four scenarios for driving time between the PSC and
CScCare shown under the base case conditions.
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Figure8: Results for LAMS Experiments Run withefficient Hospital Scenario
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Figure9: Results for LAMS Experiments Run wilfficient Hospital Scenario
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6.1.1Base CasdnefficientPSCand50% EVT Eligibility

The experiments run which assume an inefficient PSC and 50% EVT eligibility for LVO patients
are considered the base case of these results. Four driving times between the PSC and CSC were
run under the base case criteria and are shown inrghediv ofFigure8.

Early access to tPA offered by the Drip and Ship method is beneficial if the time lost during a
stopover at the PSC does not result in significant delays to accessingnefi€ienciesat the

PSC resulin large regions where the Drip and Ship stoposendore detrimental than beneficial

t o a pat i erhetragsudts ob expgenmemserun with reduced efficiency at the PSC are
shown inFigure8.

The periment run with base case criteria a@dinutes between the PSC and GlBGtrates
threecoloured regionsThe bottom of the temporospatial diagram is coloured gréech
illustratesthat both the patient outcome and transportation cost functidicsiie Mothership as

the optimal method of transportation for patients whose stroke onsets occur in thishegfion.
above this green region the colour code shifts from green to blue which indicsiisin which
transporimethod is expected tme leasexpensive. In this blue regipklothership is still

associated with the highest probability of an excellent outcboteDrip and Ship is now

expected to be the least expensive method of transportbllieisegion of divergence appears
between the PSChd CSC markers, whiatequires the ambulance to transport the patient further
away from the CS@hen transporting the patient according to the Drip and Ship method from
the sceneThis means patients wiequre transfer for EVT ultimately end up traveljrfurther
when transported according to the Drip and Ship method, which explainglethgrship is
expected to be least expensiVlae top of the temporospatial diagrant@doured red which
indicates that both the patient outcome and transportation cost functions indicate Drip and Ship
as the optimal method of transportation in this region.

As the distance between the PSC and CSC facilities increases a stopover for tPA at the PSC
becomes a more appealing option regardless of inefficient PSC treatment times. This is the case
for two reasons, the first being the travel time between the PSC%@ds now longer than the

delay caused by inefficient treatment times at the PSC. The second reason for this is an increased
probability that an intefacility transfer will take place via air, which allows time lost to

inefficiencies at the PSC to be neawlp in the air. This is evident in the results shown as Drip

and ship becomes more prevalent and only a slight regiblu@fivergence is shown.

The results are similar in the base cakemthe distance between the PSC and CSC is increased
to 180and240minutes In theseexperimerd the divergence shown between the PSC and CSC is
coded purple to indicate that Drip and Spipduces the highest probability of an excellent
outcome put Mothership is expected to be least expendikes is due to an inease irthe

probability of an inteffacility transfer occurring via air as the distance between the two facilities
has increased. The second region of divergence showrseréselts of this experiment are

coded blue to indicate that Mothership produbeshighest probability of an excellent outcome,
but Drip and Ship is expected to be least expensive. This region appears outside efitle 4.5
threshold for receiving tPA at the PSC and CBi@s means the PSC cannot offer the patient
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any form of treatrantfor their stroke whichhtereforemeans EVT is the only form of treatment
for a patient whose stroke onset occurs in this rediba.PSC can offer access to air
transportation between facilities but in this scenario the PSC is assumed to be running
inefficiently which hinders the time savings offered by air transportation in most case

6.1.2InefficientPSCand70% EVT Eligibility

In general, mcreasing the percentageLVVO patientstreated with EVTaffectsboth patient

outcomes and expected transportatiostdn most cases receiving EVT increases an LVO
patients probability of an excellent outcomEhis causes the model favour Mothership in

more regions as the onset to puncture time becomes relevant for a larger proportion of patients.
From a transportost perspectivencreasing the proportion of LV@atients who receiveVT
increases the proportion of patients who require an-fatglity transferas part of the Drip and

Ship methodThis increasethe expected cost of the Drip and Ship metimoall experiments

but especially in those with a high probability of irtacility via air, which results in more areas
that show théMothership option as being cheaper

In experimentgsun with inefficient PSQGreatment timeghe increase to 70% EVTigibility

presents itselin different waysamongst the four scenarios for time between the PSC and CSC.
In the 60minute scenaridhe red regiomotably shrinks and shifts to blue. This is indicative of
theinverseaffectthat an increase in EVT eligiiiiy has on patient outcome and transportation
cost.The red region shrinks and shifts to blue which indicates thamétleod associated with

the highest probability of an excellent outconas changed from Drip and Ship to Mothership
The green region ithis experiment grows slightly with a shift from blue to green indicating that
theMothership is now expected to be least expensive.

An increase in the proportion of LVO patients treated with E¥Uses a shifhiregion of
divergence shown ithe expement run with 120 minutes betwettte PSC and CSC. The
region of divergence shifts froblue to purpleelative to the base casghis meansan increase
in the size of the region where Mothership produces the highest probability of an excellent
outcome.

The impact on the experiments run with 180 and 240 minutes betweeSthand CSC
facilities is again similain these experiments the purpégion of divergence shown between
the PSC and CS@rowsas a result athe increase in the expected cassociated with Drip and
Ship, and a larger region where mothership will result in better patient outcomes

6.1.3Efficient PSCand 50% EVT Eligibility

Theresults for experiments run with improved efficiency at the PSC are shdviguire9.

Relative to the base case a more efficient Rfe@rs more patientshouldstopove for tPA at

the PSC as time added to a paftieminset to puncture time are worth the benefits of receiving
tPA early. This is reflected in the results of experiments run for the Efficient Hospital Scenario
as large regions where the Drip and Ship mefiroduces better resuli® generalthis presents
itself in the resultas significantly less blue coded divergent regions where Mothesship i
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associated with the highest probability of an excellent outcome, but Drip and Ship is expected to
be least expeaive.Since P& efficiency has no impact on expected transport cost, the

differences noted between the base case anddhimrio are exclusively a product of a change

in the patient outcome function.

Better efficiency at the PSi@creases the region ide the 4.8hour threshold for tPA at the

PSC Which makes a stopover at the PSC for tPA more beneficial to patients whose stroke
occursnearthe outeboundsof themodelled regionThis causes the blue divergence to
completely disappear in the experiment run with 180 minutes between the PSC and CSC, and
significantly shrinks the blue region in tBé0-minute experiment.

6.1.4Efficient PSCand 70% EVT Eligibility

The results for experimé&nrun withan efficient PSC and 70% EVT eligibility differ only

slightly from the results of experiments run with experiments run with an efficient PSC and 50%
EVT eligibility. However, relative to the base case the results differ significamtyroved

efficiency at the PSC leads to more regionere Drip and Ship produces the highest probability
of an excellent outcoméiowever, an increased proportionLdO patientsreceiving EVTleads

to an increase in the expected cost of transportation for theaDd Ship methodspecially in
experiments where the probability of an iAfacility transfer occurring via air is higfihe
combination of these twihings causes more regions of purple coded divergehimh is

evident in the results from these expeagitts shown in thew second rowFagure9.

6.2 Advanced Results

The results presented previousigicatewhich methodf transporis more likely to produce an
excellent patient outcome and which method of transport is expected to be least expensive.
However, theseesultsare missinga way to quantifthe magnitude of difference between
Mothership and Drip and Shfpr both outcomerad transport cosSince the results of the model
vary so much based on the location of the potential scene of the stroke, an average difference
would not be an effective measure to quantify the difference between Mothership and Drip and
Ship. Ingead six points have been selected on four experiments to provide insight into the
magnitude of difference between the Mothership and Drip and Ship mettedsxperiments

run with 240 minutes of ground driving time between the PSC andv@®€chosen to display
advanced results because all four cadaane illustratedThe location of the points the same

across all four experiments shoand their placement is shown belowFigure10. Thesix
calculated probabilitiesf an excellent outcomand expected transport costs associated with the
Mothership and Drip and Ship methods are shown below for the four experimé&atdeni 2,
Table13, Table14, andTablel15.
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Tablel2: Base CasePoint Values folAdvanced Resudtfor Inefficient PSC and 50% EVT

Eligibilit

A B D
Colour Blue Red Blue Purple Green Green
PfmMRSOG1 biA+0 LVGs | 28.65% | 36.83% 28.65% | 35.04% 28.58% | 35.21%
PfmMRSO01 bfA+0 LVQs { 28.67% 29.26% | 28.94% 29.60% | 29.37% | 36.22%
TCons $4,444.30| $2,391.50| $4,446.70| $3,537.70| $4,701.80| $3,425.20
TCuws $6,566.70| $4,422.80| $5,566.10] $3,251.70| $4,033.30| $2,519.80
Table13: Point Values foAdvanced Results fdnefficient PSC and 70% EVT Eligibility

A B D
Colour Blue Red Blue Purple Green Green
PfmMRSG1 biA+0 LVGs{ 30.19% | 38.30% 30.18% | 36.45% 30.09% 36.63%
Pr{mRSO-1bA+0 LV®Q@s { 30.21% 31.04% | 30.59% 31.52% | 31.19% | 37.91%
TCons $4,875.30| $2,822.60| $4,877.70 $3,968.70| $5,132.90| $3,856.20
TCus $6,566.70| $4,422.80| $5,566.10| $3,251.70| $4,033.30| $2,519.80
Table14: Point Values foAdvanced Results fdgfficient PSC and 50% EVT Eligibilit

A B D
Colour Red Red Blue Purple Green Green
PfmMRS Ol bfA+0 L VGs{ 2877% | 37.50% 28.77% | 35.67% 28.71% | 35.85%
PfmMRSO01bfA+0 LVQ@s { 28.67% 29.26% | 28.94% 29.60% | 29.37% 36.22%
TCons $4,444.30| $2,391.50| $4,446.70 $3,537.70| $4,701.80| $3,425.20
TCwus $6,566.70| $4,422.80| $5,566.10] $3,251.70] $4,033.30] $2,519.80
Table15: Point Values foAdvanced Results fdgfficient PSC and 70% EVT Eligibility

A B D
Colour Red Red Blue Purple Green Green
PfmMRS 01 bfAi+0 LVGs ] 30.36% 38.99% 30.36% | 37.11% 30.26% 37.29%
PUmMRSO0l1 bfAi+0 LVGQ@s { 30.21% 31.04% | 30.59% 31.52% | 31.19% 37.91%
TCons $4,875.30| $2,822.60| $4,877.70| $3,968.70| $5,132.90| $3,856.20
TCus $6,566.70] $4,422.80| $5,566.10] $3,251.70] $4,033.30| $2,519.80

The firstrow of Tablesl2 15indicates the colourodingof the region where the point is
located.In the second and third rows of Tables 15 the bolded text indicates timeethod which

produces the highest probability of an excellent outcome and the yalowr in some cells

indicates that the difference between the probabilities is greater than 4%. In the fourth and fifth
rows of Tabled.2i 15the bolded text indicates the method expected to be least expensive and the

yellow colour in some cH indicates a cost difference of $1000.00

The only point selected that changes colour coding with an experiment variable is Point A. The
colour coding changes from Blue to Red when the efficiency at the PSC is improved. This
change indicates that the higst probability of an excellent outcome shifts from Mothership to
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Drip and Ship, which is illustrated by the bolded probability in the second and third rows of
Tables12i 15. The difference between the probabilities of an excellent outcome for Mothership
and Drip and Ship are consistently marginal across all four experimertebocreased

efficiency at the PSC is enough for Drip and Ship to overcome Mothership.

These advanced results provide more context than the baselineardut$ew things become
evident Drip and Ship is expected to be least expensiveiat B andMothership is expected to
be over $1000.00 more expensinexperiments run with@®o EVT eligibility for LVO

patients However, when the EVT eligibility for LVO patients is increased to 70% the gap
between the expected cost for Mothership and Drip aqudcidses and the difference shifts to
becomes less than $1000/@ Drip and Ship is still expected to be least expensive. THiseis
to more patientsequiring an inteffacility transferand since there are 240 minutes between the
PSC and CSC the probability of the intacility transfer happening via air is highoint B is

also the only point with an outcome difference greater than 4% and transport cost difference
greater than $1000.0@/hich remains consistent across all four experiments. This can be
attributed to the relative location of point B to the PSC.

The increase from 50% to 70% EVT eligibility is shown to impact Points E and F in a similar
mannerMothership is expected to beast expensive at these poibtg in experiments run with
50% EVT eligibility the difference between Mothership and Drip and Ship is not expected to be
greater than $1000.00. This changes when the EVT eligibility is increased tan/0fié case

the ircrease from 50% to 70% EVT eligibility widens the gap as Drip and Ship is expected to
become more expensive.

Points B and D are the only two which indicate an excellent outcome probability greater than

4%. This is consistent across all four experimentscam be attributed focation of these two

points. Both Point B and D are located inside thehb&r threshold for tPA at the PSC, but

outside the 4 fHour threshold for tPA at the CSC. This means that transporting a patient whose

stroke onset occurs Hitese points using the Mothership meteodl i mi nat es t he pat i
eligibility for tPA.

6.3 Summary of Results

The experiments presentidldstrate the results of the model with three varied input parameters
includingtreatmengefficiency at the PSQyroporton of confirmedLVO patients treated with

EVT and driving distance between the PSC and .O3@resultingtemporospatial diagrams
showhow different combinations of these input variables impact transport method dedrsions
most cases, the methadhich produces the highest probability of an excellent outcahgas

with the least expensive transport methotwhenthis is not the case these results provide
insights into why.

The advanced results provide insights into the magnitudes of the differen@esm&iothership
and Drip and Ship from both the patient outcome and transport cost persp&aines is
closest to the PS@nd both functions converge to a Drip and Ship decision. This antie
point where the excellent outcome probabilities have a difference greater than 4% and the
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transport costhave a difference greater than $1000.00. All five other points illustratiedte
that the difference between the excellent outcome probabibti the transport costrigarginal.
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Chapter 7: Sensitivity Analysis

The moddis sensitivity toa few variables is required &malyze any uncertainty in the modled
input variablesThe tireefollowing input variables whickareheld constant in model were tested
as a part of this sensitivity analysis:

1 Probabilities of airworthy weather and air resource availability
T 0@ Qi VRO AR
T 0@ QVQi ¢ BILERA GO QA QO ®
1 Fixed andvariable costs adir transportation
1 &
1 6

These variables were chosen because they have the greatest amount of ureredtairgyikely
to change from region to region if this model were implemented in-avaé scenario.

7.1 Probability of Airworthy Weather and Air Res@e Availability

The probabilities of airworthy weather and air resource availabiipeatogethemithin the
modd, never independently.he product of these two probabilitiessmultiplied by the

probability of air consideratioto equalthe overallprobability of an intefacility transfer via air.
The probability of air consideration is varied with the distance between the PSISaxnolut

the probabilities of airworthy weather and air resource availability are cons@n34% and
96.47%, respedtely. These values were assumed basedmrbhcatior?? written on Nova

S ¢ o taboatéd sir ambulance missians2005 and the air ambulance program in Nova Scotia
has changed significantly sintteen For this reasarthese values add uncertainty to the model.

Two scenariosre presented o t est t he mthe pdbabibtiesofeamvwornthy i@ vi ty t c
weather anair resource availabilityThe values assumed in these scenarios are shown below in
Tablel6andTablel?.

Table16: Sensitivity Analysis Air Probabilities Scenario 1

Variable Probability
0® Qi VLB WRI 80%
0® AYQi € ®OILWXNRA O | 90%

Tablel7: Sensitivity Analysis Air Probabilities Scenario 2

Variable Probability

0® Qi VLB WRI 50%
0® QYQi € ®OILWXNRA O 50%

Four experiments ruwere runwith 240 minutes of driving time between tA8C and CS®
illustratet h e mo d e | 6 ghe airgprolsabilitids deing analyzethe results for air
probability scenari®l and 2are shown below ifigurell andFigurel2.
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Figurell: Sensitivity AnalysidResults of Experiments Run with 240 minutes Ground Drivil
Time between the PSC and C&&h Air Probability Scenario 1



Inefficient PSC Efficient PSC

& @
®e

Figurel2: Sensitivity AnalysidResults of Experiments Run with 240 minutes Ground Drivil
Time between the PSC and C&&h Air Probability Scenario 2



The results of thisensitivity analysis on the air probabilities indicate that the model is not very
sensitive ta change in these values. Tiasults of the experiments run with fiivst air

probability scenariehown inFigure11 do not indicate a significant difference from theseline
results A slight decreasén the width of the red region the results of experiments run for an
efficient PSCappears to be the onthange. Th decease in the probabilities of airworthy

weather and air resource availability reduce the likelihood of anfautéity transfer occurring

via air. Thishascaused a shift in which method the produces a higher probability of an excellent
outcomen the rgions that cause the shrinkage of the red region. For patients in this gon
and Ship only produces a higher probability of an excellent outcome when the probability of an
inter-facility transfer occurring via air is highahen thdikelihood of a interfacility transfer

via air is further decreasea the second air probability scenario the red regiexperiments

run for an efficient PSC completely disappears

A reduction in the likelihood of an intéacility transfer occurring via air resaltn a reduction in
the expected cost of the Drip and Ship methadother notable difference between the baseline
and the resultshown forthe second air probability scenaisca decrease ithe purple region of
divergenceThis occurs as a result gfowth of the red region and is causedhwydecrease in

the expected cost ah interfacility transfer

/.2 Cost of Air Transport

The cost of operating an air ambulance servicemmonlynot information which is available

to the public This isbecausair ambulance services are often private organizatidrshold

government contract§Vhat is available to the public are cost estimates basedroe pat i ent 0 s
citizenship in the province the air transport began. This information was used tdefter@st

$1200.00 as the fixed cost and $12.00 per km as the cost of air ambulance services for the model.
However, as wittany estimation these values add uncertainty to the model.

Two scenarios are present ed tofartmsmiThetvalues mo d e |
assumed for these scenarios are shown beldwlite 18 andTable19.

Tablel8: Sensitivity Analysis Air Transport Cost Scenario
Variable Cost

& $5,000.00

6 $15.00
Table19: Sensitivity Analysis Air Transport Cost Scenario
Variable Cost

& $8,000.00

6 $20.00
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Four experiments run were run with 240 minutes of driving time between the PSC and CSC to
il lustrate the model 6s sensitivity to the ai
these experiments run with air transport coehacios 1 and 2 are shown belowrigurel3and

Figurel4.

r
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Figurel3: Sensitivity AnalysidResults of Experiments Run with 240 minutes Ground Drivil
Time between the PSC and C&&h Air Transport Cost Scenario 1



Inefficient PSC Efficient PSC

e®
o

Figurel4: Sensitivity AnalysidResults of Experiments Run with 240 minutes Ground Drivil
Time between the PSC and C&&h Air Transport Cost Scenario2



Theresultof an increase in the cost of air transport are more drastic than that of the air
probabilities.The model is moderately sensitive to the cost of air tranggsaran be seen from
the results shown iRigure13 andFigurel4.

The results shown iRigurel3are similar to the baselirrit there is notable change in the
regions d divergence. The blue regions of divergeshenk,and the purple regions of
divergencssignificantly grow with an increase in the cost of air transfdre disparity between
the cost of air and ground transport is increased significantly with thexggcne the cost of air
transportwhich leaddarger regions where Mothership is the least expensive transport method.

The results shown ithe first row ofFigure14 show resultswith even less blue divergence and
larger regions of purple divergence. The increasedrctist of air transport in thisestario
results in significantly lesarea where Drip and Ship is cost effectid@wever, when thEVT
eligibility is increased from 50% to 70% the resultgho$ air transport cost scenanalicate

that Drip and Ship is never cost effective.
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Chapter 8: Discussion

8.1 Informing Protocol for Transporting Suspected LVO Ischemic Stroke Patients

The purpose of this research is to infamansportation protocol for LVO ischemic stroke
patients. This research does so by analyzing the results of experiments despyoeidi¢o
insight into when Mothership and Drip and Ship methodbetterfor patieris whose stroke
onset occurs outside the catchment area of a @Sight into the costs associated with these
methods is a novel contributiaa the research surrounding ischemic stroke transportation
decisionsUnderstanding thenonetary impact of thegkecisions is importardgshealthcarénas a
finite budget anallocating it efficientlyis a critical objectivef an effective healthcare system.
Transportation Decisions for Regions LocaBstween the PSC and CSC

Thetemporospatial diagramsrminate athe halfway point between the PSC and GSC
Mothership is clearly the optimal decision for patients within the catchment area of a CSC
facility. Despite thisthe results ofthe presente@xperimentsainanimouslyindicate a region
betwea the PSC and CSC whédviothership idetterfrom the perspective of both patient
outcome and transportation casthe size and shape of this region vaith experiment inputs
but neer disappeacompletelymeaningthethreshold for where Mothership@hid be
considered optimas alwaysbeyond the halfway point between the PSC and CSC facillties.
should be reflected ithe transportation protocol for patientsth a suspected LV@ndwhose
stoke onset occuis between the PSC and CSIhe input vhich affects the size and shape of
thegreen unanimous Mothership region appears to be the efficiency of the PSC. fHuidity
should be taken into consideration when implementing transportation protocol for a suspected
LVO ischemic stroke patient.

Areasbetween the PSC and C86nsistentlyindicate regions of divergencghisis primarily

due to theneed to badkack when the Drip and Ship method is indicdtada higher probability

of an excellent outcome for the patiethendeveloping protocol for slightlypnorecomplex

cases such as a patieviiose contraindications to tPA can be identified at the scene of the stroke
this divergencanayindicateregions viherechoosing Mothership woulgenerate transportation
costsavingtHowever, the research surrounding assumi
with known contraindications to tPi& limited andseems to provide dsomewhat
inconsistenf®’’ One studyP suggests that Mothership transportation for patients with known
contraindications to tPA does resultsinorter onset to puncture timétowever, this study

found no significanimprovemenin the 90mRS score fopatients with contraindications tPA

who were transported according to the Mothership method.

8.1.1Transport Decisions for Patients Outside the 4.5 Hour WirfdowPA at the PSC

Patients who are outside the -h&ur time window for tPAat the PSGtill stand to benefit from
the Drip and Ship protocol icertain instanced§.he prevalence dheseinstancess highly
dependentipon the time to treatment efficiencies at the P&gorefficiency at the PSC also
impedesair transportation abilityo reducean LVO patients timespent intransitto EVT. For
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this reason, time to treatment efficiencies should be considereddelieloping protocol for
patients outside the 4Hour time window for tPA at the PSC.

This conclusion couldlsobe extrapolated iglhtly to inform protocol for patients with lengthy
onset to FMC timessuch as patients who wake up with stroke symptéomthese cases,
efficiency at thd®SCmay put the patient outside the 4.5 hour time windodthetime savings

air transportation éérsin this instancehould be ssessedvhen developing transport protocol

for these patientsEVT has been proven effective for these patféust there idimited

research surroundirtgansport protocol for patients with cosindications to tPA does suggest
that Mothership reduces onset to puncture fithéowever, this research does not investigate the
time savingsssociated withir transportationvhen analyzing patients wheere transported
according to the Drip and Ship method.

8.1.2Extrapolating the Restsl for Patients with a Prolonged Onset to FMC time

The model assumes 20 minutes between stroke onset and FMC. This time varies significantly
from patient to patient and is difficult to model accurately for all stroke patients. However, due to
the generalied nature of the temporospatial diagrams the probability of an excellent outcome

can be extrapolated for a patient whose onset to FMC time differs from the 20 minutes assumed
within the model. This can be done using the concentric circles as a guideeasingthe time
between the scene and facility would result in the same change in outcome as a prolonged onset
to FMC time.

8.1.3The Consequence of Making Cdseffective TransportDecisions

Ultimately, the transportation method decision should be made @ugdodwvhat is best for the
patient. The results of this model indicate that in most regions makiatjest outcome oriented
decision oincides with making a transportation cost effective decision. However, the results do
indicateregions where transpation cost and patient outcome functions diverge. In these
regionsadditional analysis is needdebr example, letter patient outcomes result in less need for
stroke rehabilitation and/or less dependence long term care facilities. This lesser expesise in po
stroke cardikely offsetsthe added cost being incurred to transport a patient to treatment.

8.2 Benefits of Intesfacility Transfer via Air

Air transportation is a costly resource but
probability of an excellent outcomén inclusion of inteffacility transfers via aiis novel in this

field of research and is shownitwrease tharea where Drip and Ship produces the highest
probability of an excellent outcome relative to the results producetblmginsky et af® This is

due to the time savings realized in the Drip and Ship method when afaritity transfer takes

place via air.

The results of thesexperiments show that in most cases the transportation method associated
with the highest probability of an excellent outcome for the patient is also the method associated
with the least transportation expense. Most of the results shown do not indieateaiv
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conclusions from the outcome and transportation cost functions. This is the case even when the
inter-facility transfer associated with the Drip and Ship method has a high probability of
occurring via air transportation. This indicates that the dppdy to confirm a patients EVT
eligibility provides cost savings of a large enough magnitude to make Drip and Ship wih inter
facility transfer via air a more cost effective method of transportation relative to Mothership via
ground in many regions.

8.3 Limitationsand Future Studies

A few limitations exist within this model. The first being the exclusion of fixed wing air
transportation. It is understood that rotary wing transportation is more commonly used for inter
facility transfers via air but is notéhexclusive choice. Fixed wing transportation comes with
different logistic challenges than rotary wing but can also offer air transportation in different
circumstances than rotary wing.

The inclusion of fixed wing transportation for irdecility transers would add value to this

model. Fixed wing transportation involves a faster speed when in the air but also is less flexible
than rotary wing transportation in where it can take off and land. Unlike a rotary wing aircraft, a
fixed wing aircraft requirea runway for takeff and landing. This means that the aircraft cannot
land at a hospital facility and instead lands at the closest runway where the patient is then picked
up and transported to the hospital facility via ground ambulance. These logistigaegities

must be considered to properly model fixed wing as an option forfatiity.

The second limitation of this model is an underlying assumption made for patients who are
outside the 4 four time window for tPA at the PSC. It was assumeditiia¢se patients are
transported according to the Drip and Ship method that they are subject to the same timeline as a
patient who is receiving tPA. This is likely not the case, a patient who is known to be ineligible

for tPA upon arrival at the PSC cha transferred for EVT immediately after their LVO

diagnosis and EVT eligibility is confirmed. In reality this is probably a shortened timeline

relative to a patient who arrives at the PSC for tPA and is subsequently transferred for EVT.

Rotary wing air tansfers provide quicker access to EVT when patients are first transported to a
PSC facility following the Drip and Ship protocol. These time savings can be an asset to all
patients, even those who are unable to receive tPA as treatment for their issthekeicFuture

studies should consider the logistical differences between a patient who receives tPA and is
subsequently transferred to the CSC via air for EVT versus a patient who bypasses tPA treatment
but is still transferred to the CSC via air for EVTis possible that the logistical differences in

these scenarios amount to a significant difference in time spent at the PSC, which should be
consideredn future iterations of the model.

Currently the model assumes théiation of air transportatioriakes place around the time tPA
is administeredHowever if air transportation is initiated sooner the time saviaigs
transportatiorcanoffer to a scenarimay significantly increaséf air transportation were to be
initiated before the LVO ischemicreke diagnosis is confirmetie time advantage for a patient
requires an intefacility transferis almost guaranteed to be significaflis would likelyprovide
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better outcomes fdrVO patients transported accorditathe Drip and Ship metho&uture
iterations of the model should include this analylsi©order b properly make this addition to the
modela cost must be assumfedl instances when air transportation is initiated lantlater
rescindedvhen the patients diagnosis is confirm&esting this within the current model would
take a few minor revisions to the time advantage transport costs associated with air
transportation.

A variation of this model could help inform protocol for patients Witbwncontraindications to

tPA. When the paramedic team has identified that a patient has known contraindications to tPA
at the scene of the stroltee transportation protocol should reflect tAikis model could be

modified and run on experimerttse reflectscenarios where patients have known
contraindications to tPA. This wouldeld results indicating whette interfacility transfer via

air is beneficial for these patients and when it is not.

This research establishes that choosing a transport methwkimize a suspected LVO
patientds probability of an excel |l eHdweverut c o me
patient outcomes also have a cost benefit to the healthcare system, as improved outcomes in

stroke have been associated with shdeegth of stay in both acute and rehabilitation and have

also resulted in fewer patients requiring laegn care’® ™ These cost savings may be greater

than the increased cost of transport. However, the potent@adeaain transportation cost to

downstream hospital costs was not evaluated in this study.

One previous study sought to investigate which transport method yielded the best outcome for
LVO ischemic stroke patients and how this compared to the mos¢ffestive method. This

study included downstream hospital costs along with the cost of transport. This study applied an
algorithm to a specific realiorld scenario and uses QALYs and a Markov analytic model to
assess transport decisions. No traffe betweerpatient outcome and cost effectiveness were
found, meaning the transport method which yielded the best patient outcome was also found to
be least expensiv¥.The results of this thesis only compare patient outcomes to transport costs
but still yield similar results. This model identified small regions where a-tHdmtween

patient outcome and transportstexists but also found that when a tradffeexists the

difference between a Mothership and Drip and Ship decision is marginal.

Future studies should include downstream hospital costs and the cost benefit of improved patient
outcomes. The coshavings associated with downstream hospital costs and improved patient
outcomes may compensate for a more expensive transport method in regions whereff trade

has been identified.
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Chapter 9: Conclusion

The addition of intefacility transfers via rotary wingransportation is a novel contributionttee
field of transport decisions for suspected ischemic stroke patiiitsut air transportation

Drip and Ship means a shorter onset to needle time but an extended onset to puncture time
relative to the Mothehsp method The addition of air transportation provides a time advantage
whichreduces the difference in onset to puncture time betMethership and Drip and Ship
This results irhigher probabilities of an excellent outcome for the Drip and Ship meimbd
therefore moreegions optimizedavith the Drip and Ship methoth particular, more regions
between the PSC and CSC are optimized with Drip and Ship wtesfiacility transfer via air is
considered.

The analysis ofransport cosis also a novel cdribution to this field of work. The inclusion of

air transport is costly, andsight into the relationship between transport cost and patient

outcomes is valuabl@hen designing strategies to transport suspected ischemic stroke patients to
treatmentTheDrip and Ship method includes intkcility transport via air, which is more

costly than inteffacility transfer via groundHowever, Drip and Ship also offers the opportunity

to confirm the patitbhetransfertake¥pladeed to this viork,litwasy b ef o
not understood if th ability to confirm EVT eligibility was enough to offset to the cost of

transporting a patient via aifhis work has confirmed thatinmostcasee e pati ent 6s pr
of an excellent outcome can be maxindizeith the same transport decision which minimizes the
expected transport codthis indicateghatthea bi | i ty to confirm a pati el
indeed offset the cost of an intiacility transfer via air in most regions.

It was known that increasing the efficiency at the PSC resuft®re regions being optimized

with the Drip and Ship methodhis model included EVT eligibilityo analyze the impact this

has on transport decisionsnAncrease in the proportion of LVOtgnts eligible for EVT

resultsiilmor e regi ons where Mothership optimizes a
outcome buincreases the expected transport cost of the Drip and Ship mé&thsaneans that

an increase in the proportion of LVO patieeligible for EVTresults in an increase in the size

of divergent regions.

Inconclusionj n most cases a decision to maximize th:
outcome also minimizes the expected transpast Several variablesnpact the transgrt

decision,and the size of regions where divergent results are observed. However, divergent
regionsonly illustrate a significant difference between Mothership and Drip andiSloipe

objective.This means transport decisions can be made to maxindzethat i ent 6 s pr oba
an excellent outcome as the marginal cost difference in divergent regions is likely to be

recovered athere are downstream hospital cost savings associated with better patient outcomes.
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Appendix A i Relevant MATLAB Code

function [ pixel, pixel_overlay, alpha, TimeConstant, parameters, t_270, a, ScreeningTool, PA, Plot_Title,
Stockholm, PGround, .

PAir, A|rGrndProbab|I|ty HospDistDef_L,HS] =

Two_PixelColorGeneration( Res, pixel_row, pixel_column, io, JO P_min, P_max, MultiRun,RunNum,PicSave,
MultiRunNumEnd,GradientRun)

%This function fills in the RGB triplets into each pixel based on the
%probability of the best transportation model and its relationship to the
%probability scale (P_min -~ P_max)

[parameters, TimeConstant, t_270, ScreeningTool,SpeedConversion, DtoE, AirGrndProbability, TransportationCost,
PA, Plot_Title, Stockholm ,
PGround, PAir, XL_Output, TagOn HospDistDef_L,HS]=Three_Pacman_Prompt(MultiRun, RunNum, MultiRunNumEnd);

t PS C_CSC_MS=TimeConstant.Ground_PSC_CSC;
a=TimeConstant.PSC_Max*Res;

pixel = ones(pixel_row, pixel_column, 3);
pixel_overlay = ones(pixel_row, pixel_column, 3);
alpha = zeros(pixel_row, pixel_column);

CircRad=TimeConstant.PSC_Max*Res;
CircleRatio=(pi*Ci rcRad”2)/pixel_row"2;

for i=1:pixel_row
for j=1:pixel_column

%Locate all the pixels that are within the circle of interest and
%above the halfway point between PSC and CSC
%(i - i0)"2+( - jo)"2=(TimeConstant.PSC_Max)"2
%i=1/2*(512*factor+a) is the horizontal coordinate of the halfway
%point between PSC and CSC
RndNum=rand();
if  ((i -i0)"2+( - jo)*2)<=(TimeConstant.PSC_Max*Res)"2 && i<=1/2*(pixel_r ow +t_PSC_CSC_MS * Res)
if PicSave==1 || RndNum<=OutputPercent
%Calculate the distance from pixel position(i,j) to the location
%of PSC (io,jo) and CSC (io+a,jo)

%Equation of a circle below

%rl=time to PSC, r2=time to CSC

rl=sqrt((j -jo)y"2+(  -io)*2)/Res;

r2=sqrt((j -jo)"2+(i - (io+t_PSC_CSC_MS * Res))"2)/Res;

%Call for the probability fu nction, input the distance calculated

%above and compare the probability of good outcome for

%the MS approach and the DnS approach

[C_DnS, C_MS, C_DnS_G, C_DnS_A, C_DnS_1] = Four_Cost_Functions(r1,r2, TimeCons tant,
TransportationCost, AirGrndProbability, SpeedConversion, DtoE, parameters, PA, Stockholm);

[P_DnS, P_MS, OTN_DnS, OTP_G, OTP_A, OTN_MS, OTP_MS] =
Five_Probability_Functions(r1,r2, TimeConstant,parameters, PA, Stockholm, AirGrndProbability);
%P_DnS_G, P_DnS_A]

if P_MS>P_DnS && C_MS<C_DnS
colour= 'Green' ;
pixel(i,j,:) = 1/255 * [100 184 105];

% Colour blind friendly ( comment above and uncomment below touse) - Dark Blue

% pixel(i,j,) = 1 /255 * [15 32 128];

elseif P_MS>P_DnS && C_MS>C_DnS
colour= 'Blue' ;
pixel(i,j,:) = 1/255 * [111 154 182];

% Colour blind friendly (comment above and uncomment below to use) ---  Orange
% pixel(i,j,:) = 1/255 * [245 121 58];

elseif P_MS<P_DnS && C_MS<C_DnS
colour= 'Purple’ ;

pixel(ij,2) = 1/255 * [159 130 171];

% Colour blind friendly (comment above and uncomment below to use) ---  Light Blue
% pixel(i,j,:) = 1/255 * [133 192 249];
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elseif P_MS<P_DnS && C_MS>C_DnS
colour= 'Red' ;
pixel(i,j,:) = 1/255 * [195 128 125];

% Colour blind friendly (comment above and uncomment below to use) ---  Magenta/Purple
% pixel(i,j,:) = 1/255 * [169 90 161];
end
end
end
end
end

TRANSPORT COSTFUNCTION
function [C_DnS,C_MS, C_DnS_G, C_DnS_A, C_DnS_1] = Four_Cost_Functions(A,B,TimeConstant, TransportationCost,
AirGrndProbability, SpeedConversion, DdToEuc, parameters,PA,Stockholm)

Alpha = parameters(1);

GroundReturnFactor_DnS1=2; %This is to account fo r the ground ambulance having to come back to its base
GroundReturnFactor_DnS2=2; %Dns Leg 2 PSC to CSC
GroundReturnFactor_MS=2; %MS PAtto CSC

Y=Stockholm(2);

C_MS=TransportationCost.FixedGround + GroundReturnFactor_MS*(TransportationCost.VariableGround *
((TimeConstant.Response+B)*(SpeedConversion.Ground/60)));

C_DnS = (TransportationCost.FixedGround + GroundReturnFactor_DnS1*(TransportationCost.Varia bleGround *

((TimeConstant.Response+A)*(SpeedConversion.Ground/60))))

+ Alpha*Y*((1 - (PA * AirGrndProbability. Weather * AirGrndProbability.Available))

* (TransportationCost.FixedGround_Prime + (GroundReturnFactor_DnS2*Transportatio nCost.VariableGround
* (TimeConstant.Ground_PSC_CSC*(SpeedConversion.Ground/60))))

+((PA * AirGrndProbability. Weather * AirGrndProbability.Available)

*(TransportationCost.FixedAir + (TransportationCost.VariableAir * DdToEuc *
((Ti meConstant.Air_Base_PSC+TimeConstant.Air_PSC_CSC)*(SpeedConversion.Ground/60))))));

%BELOW IS ONLY FOR THE EXCEL OUTPUT

%For output to excel and analysis only

C_DnS_1= ((TransportationCost.FixedGround + (GroundReturnFactor_DnS1*TransportationCo st.VariableGround *
((TimeConstant.Response+A)*(SpeedConversion.Ground/60)))));

%Cost of going by ground for both legs without prob of going by ground considered

C_DnS_G = Alpha*Y*((TransportationCost.FixedGround_Prime +
(GroundReturnFactor_DnS2*Tr ansportationCost.VariableGround *
(TimeConstant.Ground_PSC_CSC*(SpeedConversion.Ground/60)))));

%Cost of going by air for second leg and ground the first without prob of air considered
C_DnS_A = Alpha*Y*((TransportationCost.FixedAir + (TransportationCost.VariableAir * DdToEuc *
(((TimeConstant.Air_Base_PSC+TimeConstant.Air_PSC_CSC))*(SpeedConversion.Ground/60)))));
%
end

PROBABILITIY OF AN EXCELLENT OUTCOME FUNCTION

function [P_DnS, P_MS, t_onset_needle_DnS,t_onset_puncture_DnS_G, t_onset_puncture_DnS_A, t_onset_needle_MS,
t_onset_puncture_MS] = Five_Probability_Functions(A,B,TimeConstant,parameters,PA,Stockholm,AirGrndProbability)

%Both A and B are ground times, A is used in both DnS scenarios then Time
%constant is used for the time to PSC (ground or air), B is only used for
%mothership, which means it needs to be a grounf time

P_mRS01_HS=0.24; P_mRS01_SM=0.90;

alpha=parameters(1);
beta= parameters(2);
chi=parameters(3);
gamma=parameters(4);

X=@(t_otn) ((t_otn>270)*0) + ((t_otn<=270)*Stockholm(1));
Y=Stockholm(2);
Z=@(t_otn) ((t_otn>270)*0) + ((t_otn<=270)*Stockholm(3));

P_AirTransfer= PA * AirGrndProbability. Weather * AirGrndProbability.Available;
P_GroundTransfer=1 - P_AirTransfer;
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%%

%LVO DRIP AND SHIP

%X=time from PSC, Z=time from CSC

t_onset_needle_DnS=TimeConstant.FMC + TimeConstant.R esponse + TimeConstant.OnScene + A +
TimeConstant.DTN_PSC;

RelmageMins=15;

DTP_DnS_Ground= TimeConstant.DTP_DS;
if  TimeConstant.NTDO + TimeConstant.Ground_PSC_CSC > TimeConstant.LongTransfer_thresh &&
X(t_onset_needle_DnS)< 1 && Y<1 && Z(t_onset_needle_DnS)<1
DTP_DnS_Ground= TimeConstant.DTP_DS + RelmageMins;
end
t_onset_puncture_DnS_G=TimeConstant.FM C + TimeConstant.Response + TimeConstant.OnScene + A +
TimeConstant.DTN_PSC ...
+ TimeConstant.NTDO + TimeConstant.Ground_PSC_CSC + DTP_DnS_Ground;

DTP_DnS_Air= TimeConstant.DTP_DS;
if  TimeConstant.NTDO + TimeConstant.Air_PSC_CSC > Time Constant.LongTransfer_thresh &&
X(t_onset_needle_DnS)< 1 && Y<1 && Z(t_onset_needle_DnS)<1
DTP_DnS_Air= TimeConstant.DTP_DS + RelmageMins;
end
t_onset_puncture_DnS_A= TimeConstant.FMC + TimeConstant.Response + TimeConstant.OnScene + A +
TimeConstant.DTN_PSC
+ max([TimeConstant.NTDO, TimeConstant.Air_Lead + TimeConstant.Air_Base_PSC + TimeConstant.Air_OnGround]) +
TimeConstant.Air_PSC_CSC + DTP_DnS_Air;

P_mRS01_LVO_tPA_DnS=(0.2359+2e - 7.*t_onset_needle_DnS."2 - 0.0004*t_onse t_needle_DnS);
P_mRs01_LVO_noTreatment=0.07; %ESCAPE Trial, Jessalyn Stockholm Model

%LVO DnS GROUND

%The minimum probability of P_mRS01_CSC is 0.129 after 1505 minutes

P_mRSO01_EVT_DnS_G=(0.3394+4e - 8.*t_onset_puncture_DnS_G."2 - 0.0002.*t_onset_puncture_DnS_G);
%LVO DnS AIR

%The minimum probability of P_mRS01_CSC is 0.129 after 1505 minutes

P_mRSO01_EVT_DnS_A=(0.3394+4e - 8.*t_onset_puncture_DnS_A."2 - 0.0002.*t_onset_puncture_DnS_A);

P_mRSO01_EVT_DnS_Overall= (P_AirTransfer*P_mRS01_EVT_DnS_A) + (P_GroundTransfer*P_mRS01_EVT_DnS_G);

P_mRS01_LVO_DnS_OverAll= X(t_onset_needle_Dn S) * (P_mRS01_LVO_tPA_DnS + ((1 - P_mRS01_LVO_tPA_DnS) * ((Y *
P_mRSO01_EVT_DnS_Overall) +
((1 -Y)*P_mRs01_LVO_noTreatment)))) + (1 - X(t_onset_needle_DnS)) * ((Y * P_mRS01_EVT_DnS_Overall) +

((1 -Y)*P_mRs01_LVO_noTreatment));

%Following  two are for excel output and analysis only, just the prob of
% outcome without the prob of air and ground factored

P_EVT_G= X(t_onset_needle_DnS) * (P_mRS01_LVO_tPA_DnS + ((1 - P_mRS01_LVO_tPA_DnS) * ((Y *
P_mRSO01_EVT_DnS_G) + ...
((1 -Y)*P_mRs01_LVO_noTreatment)))) + (1 - X(t_onset_needle_DnS)) * ((Y * P_mRS01_EVT_DnS_G) + ((1
Y) * P_mRs01_LVO_noTreatment));
P_EVT_A= X(t_onset_needle_DnS) * (P_mRS01_LVO_tPA_DnS + ((1 - P_mRS01_LVO_tPA_DnS) * ((Y *
P_mRSO01_EVT_DnS_A) + ...
((1 -Y)*P_mRs01_LVO_noTreatment)))) + (1 - X(t_onset_needle_DnS)) * ((Y * P_mRS01_EVT_DnS_A) + ((1

Y) * P_mRs01_LVO_noTreatment));

%%

%LVO MOTHERSHIP

%Mothership probability functions

%X=time from PSC, Z=time from CSC

t_onset_needle_MS= TimeConstant.FMC + TimeConstant.Response + TimeConstant.OnScene + B +
TimeConstant.DTN_CSC;

t_onset_puncture_MS= TimeConstant.FMC + TimeConstant.Response + TimeConstant.OnScene + B +
TimeConstant.DTP_MS;

% The minimum pr  obability is 0.0968 after 270 minutes

P_mRS01_LVO_tPA_MS=0.2359+2e- 7.*t_onset_needle_MS."2 - 0.0004*t_onset_needle_MS;

%The minimum probability of P_mRS01_CSC is 0.129 after 1505 minutes

P_mRS01_EVT_MS=0.3394+4e- 8.*t_onset_puncture_MS."2 -0.0002 .*t_onset_puncture_MS;

P_mRS01_LVO_MS= X(t_onset_needle_MS) * (P_mRS01_LVO_tPA_MS + ((1 - P_mRSO01_LVO_tPA_MS) * ((Y *
P_mRSO01_EVT_MS) + ((1 -Y)*P_mRs01_LVO_noTreatment))))

+ (1 - X(t_onset_needle_MS)) * ((Y * P_mRS01_EVT_MS) + ((1 -Y)* P_mRs01_LVO_noTreatment));
%%
%nLVO

P_mRs01_nLVO_noTreatment= 0.4622;
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%nLVO DRIP AND SHIP

%the minimum probability of P_mRS01_nLVO is 0.4622 after 270 min utes
P_mRS01_nLVO_tPA_Dns=(0.6343 - 5e- 8.*(t_onset_needle_DnS)."2 - 0.0005*t_onset_needle_DnS);
P_mRS01_nLVO_DnS= (Z(t_onset_needle_DnS)* P_mRS01_nLVO_tPA_Dns) + ((1 -

Z(t_onset_needle_DnS))*P_mRs01_nLVO_noTreatment);

%nLVO MOTHERSHIP

%the m inimum probability of P_mRS01_nLVO is 0.4622 after 270 minutes
P_mRS01_nLVO_tPA_MS=(0.6343 - 5e- 8.*(t_onset_needle_MS)."2 - 0.0005.*t_onset_needle_MS);
P_mRS01_nLVO_MS= (Z(t_onset_needle_MS)* P_mRS01_nLVO_tPA_MS) + ((1 -

Z(t_onset_needle_MS))*P_mRs01_nLV O_noTreatment);

end

%%
%FINAL COMBINED PROBILITIES

P_DnS=alpha.*P_mRS01_LVO_DnS_OverAll + beta.*P_mRS01_nLVO_DnS +
chi.*P_mRS01_HS + gamma.*P_mRS01_SM;

P_MS=alpha.*P_mRS01_LVO_MS+ beta.*P_mRS01_nLVO_MS+ ...
chi.*P_mRS01_HS + gamma.*P_mRS01_SM;
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Appendix BT Results Assuminga RACE Pre-hospital Scale
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Figurel5: Results foRACE Experiments Run witlnefficient Hospital Scenario
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Figure16: Results foRACE Experiments Run witEfficient Hospital Scenario































