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ABSTRACT

Background The effectiveness of endovascular
treatment (EVT) for large vessel occlusion (LVO) stroke
severely depends on time to treatment. However, it
remains unclear what the value of faster treatment is in
the years after index stroke. The aim of this study was to
quantify the value of faster EVT in terms of health and
healthcare costs for the Dutch LVO stroke population.
Methods A Markov model was used to simulate
5-year follow-up functional outcome, measured with
the modified Rankin Scale (mRS), of 69-year-old LVO
patients. Post-treatment mRS was extracted from the
MR CLEAN Registry (n=2892): costs per unit of time
and Quality-Adjusted Life Years (QALYs) per mRS sub-
score were retrieved from follow-up data of the MR
CLEAN trial (n=500). Net Monetary Benefit (NMB) at a
willingness to pay of €80 000 per QALY was reported
as primary outcome, and secondary outcome measures
were days of disability-free life gained and costs.
Results EVT administered 1 min faster resulted in

a median NMB of €309 (IQR: 226;389), 1.3 days

of additional disability-free life (IQR: 1.0;1.6), while
cumulative costs remained largely unchanged (median:
-€15, IQR: —65;33) over a 5-year follow-up period. As
costs over the follow-up period remained stable while
QALYs decreased with longer time to treatment, which
this results in a near-linear decrease of NMB. Since
patients with faster EVT lived longer, they incurred more
healthcare costs.

Conclusion One-minute faster EVT increases QALYs
while cumulative costs remain largely unaffected.
Therefore, faster EVT provides better value of care at no
extra healthcare costs.

INTRODUCTION

Occlusions of the intracranial carotid artery and
middle cerebral artery, commonly referred to as
large vessel occlusions (LVO), are severe causes of
acute ischemic stroke (AIS), frequently resulting in
persisting neurological deficits affecting patients’
health and healthcare costs.' Mortality of the
LVO stroke population is high and a large portion

of the survivors remain dependent on care.”® These
outcomes have drastically improved in recent years
with the introduction of endovascular treatment
(EVT).* The beneficial effect of EVT is, however,
highly time-dependent.” As a result, various poli-
cies that aim at reducing time delay from onset of
neurologic deficit to EVT have been investigated.®
However, it remains unclear what the health and
cost effects of faster EVT are in the years following
treatment.

Health outcomes and costs have a strong associ-
ation in the case of LVO stroke as the high disease
burden results in a lower perceived quality of life and
higher demand on healthcare facilities.> 7 Besides
the short- and long-term health benefits, several
studies have proven that EVT reduces healthcare
costs in the years after treatment.*®” Although EVT
has become standard practice in developed coun-
tries worldwide,'® various time-consuming inef-
ficiencies remain present in current practice.'’ '2
With the growing use of advanced diagnostics the
negative side-effects in terms of added delay to
treatment should be known." With several poli-
cies aiming at faster EVT delivery, proposed and
promising yet time-consuming advanced diagnos-
tics available,® * so understanding the value of each
minute has become increasingly important.

Studies that evaluate workflow improvements
mainly used time saved as primary outcome and thus
do not include long-term health and cost effects.® A
recent study determined the health and cost effects
of faster EVT in the case of LVO stroke based on
US guidelines and data.'* However, extrapolation
of US data on a population level to the Netherlands
and other European countries is difficult: besides
differences in healthcare costs, geographical differ-
ences cause different onset to EVT times, " ' and US
guidelines apply stricter imaging selection criteria
for EVT eligibility."” ® The use of similar guidelines
and empirical findings suggest that Dutch data is
more comparable to other European countries."
Furthermore, the adaptation of the guidelines in the
US is not universal, resulting in a more comparable
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Ischemic stroke

situation in regions of the US to the Dutch setting. The aim of
this study was to quantify the value of faster EVT in terms of
health and healthcare costs for the Dutch LVO stroke population
with a Markov model.

METHODS

In this study, simulations with a Markov model were performed
to compute expected health and costs during follow-up for each
hour of delay to EVT of patients with intracranial carotid artery,
M1, and proximal M2 occlusions. Subsequently, the differences
in health and cost outcomes between each hour of delay was
used to represent the effect of faster EVT per minute.

Modeling procedure

A two-staged Markov model was developed with a short-term
and long-term part. For each time step, simulated patients could
be in one of six Markov states defined by modified Rankin
Scale (mRS) sub-scores: mRS 0 and 1 were combined in one
Markov state since the sample size was otherwise too low to
retrieve accurate estimates. The mRS is a seven-point scale for
disability, ranging from 0 (no disabilities) to 6 (death). The short-
term model was used to simulate 90-day mRS per hour delay of
time from onset to the start of EVT, which was defined by the
time of groin puncture. Time to groin puncture was preferred
to time to end-of-intervention as the resulting time related mRS
would include an effect related to LVO and thus intervention
complexity: furthermore it is unlikely that intervention time can
be saved to achieve faster EVT. Simulated cohorts were assumed
to exist of an even split of males and females aged 69, the median
age of patients in the MR CLEAN registry," at the beginning of
the long-term simulations deterioration of mRS could only occur
after stroke recurrence or due to death. In the long-term model
changes in mRS due to stroke recurrence and all-cause mortality
were simulated over 5 years of follow-up with a cycle length of
1 year. Figure 1 contains the short- and long-term model archi-
tecture graphically. Quality-adjusted life years (QALYs) and costs
related to each Markov state were discounted at a 1.5% and
4% compounded annual rate, respectively, according to Dutch
guidelines for cost effectiveness research.?’ A yearly inflation
rate of 1.7% was used to adjust future costs based on fore-
casts from the Dutch Ministry of Health, Welfare and Sport.*!
TreeAge software (TreeAge Pro 2019, version R2.1; TreeAge,
Williamstown MA, USA) was used for implementing the model
and simulations.

A mRS 01 B

No change

mRS 3

mRS 3

mRS 3

0-60 minutes to Recurrent

groin puncture mRS 3 stroke

A

mRS 4

mRS &

Mortality
mRS 6

Figure 1 Markov model architecture: Pane A: Short-term model used
for each hour to simulate 90-day mRS (modified Rankin Scale). In this
example, 0-60 minutes of onset time to groin puncture was presented.
Pane B: Long-term model for patients (example for mRS 3 at 90-days'
post-index stroke). After recurrent stroke an equal or higher mRS score
can be achieved. After stroke recurrence, death (mRS 6) is not possible
to prevent duplicate mortality rates in the model. mRS after stroke
recurrence was based on normalized values from the MR CLEAN trial
control arm.

All consecutive patients
treated with EVT
March 18 2014 - Nov 1 2017

(N=3637)
Registry exclusion criteria
Age <18 years (n=9)
- No MR CLEAN
7 trial center (n=177)
Vv Posterior circulation (n=172)

Onset to groin >390 min (n=99)

Registry inclusion

(n=3180)
Study exclusion criteria
Onset to groin >360 min (n=71)
—> Unknown onset to groin (n=13)
Unknown 90-day mRS (n=204)
\ 4
Study inclusion patients
(n=2892)
MR CLEAN trial
90-day follow-up
(n=500)
Study exclusion criteria
Past 2-year follow-up before
start data collection (n=14)
> Declined to participate (n=61)
Withdrew consent (n=8)
v Lost to follow-up (n=26)
MR CLEAN trial
2-year follow-up
(n=391)

Figure 2 Data and inclusion. In this study data from the MR CLEAN
Registry (part 1 and 2), MR CLEAN trial, and 2-year follow-up from the
MR CLEAN trial were used. For this study, additional exclusion criteria
were formulated for the MR CLEAN Registry data. EVT, endovascular
treatment; mRS, modified Rankin Scale.

Data sources

Input parameters of the Markov model were retrieved retrospec-
tively from the MR CLEAN Registry part 1 and 2," and 2-year
follow-up data from the MR CLEAN trial,”* ** public data,**
and literature.” % Patients from the MR CLEAN Registry were
included based on the following criteria: LVO in the anterior
circulation, treatment in MR CLEAN trial center, age =18 years,
available 90-day mRS, available time from onset to groin punc-
ture, and time from onset to groin puncture <360 min (figure 2).
The data collection protocols have been published, and ethics
committee and research board approval has previously been
received in compliance with the Declaration of Helsinki.'? *728

Probabilities
The data of 2892 patients in the MR CLEAN Registry were used
to retrieve the per-hour of time from onset to groin puncture and
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the probability of mRS sub-scores 90 days after EVT (figure 1A).
Yearly mortality rates of the Dutch population by age and gender
were retrieved from forecasts of the Royal Dutch Actuarial Society
starting in 2021.%* Subsequently, published hazard rates (HR) of
additional mortality related to mRS and years after index stroke
were used to compute all-cause, including recurrent stroke-related,
mortality rates.”® The probability of a recurrent stroke for each year
after an index stroke was retrieved from a population study.*® To
prevent double inclusion of stroke-related mortality in the model,
death (mRS 6) was not modeled as an outcome after recurrent
stroke. Instead, the HR by Hong et al on all-cause mortality was
used, which included recurrent stroke-related mortality and other
causes of death.” Functional outcome at 90 days excluding death
(mRS6) of the MR CLEAN trial control arm (n=267) was used to
compute the mRS distribution after stroke recurrence (figure 1).%
As death could not occur and mRS could only remain equal or dete-
riorate, the outcomes of the MR CLEAN trial control arm were
normalized for the available outcome options (online supplemental
table S1).

Costs and QALYs

Two-year follow-up data of the MR CLEAN trial (n=391) was
used to estimate QALYs and costs per unit of time in separate
mRS sub-scores. Data was collected at 3, 6, 12, 18, and 24
months' post-index stroke and included utility scores computed
from EuroQoL 5D and cost questionnaires. A QALY gener-
ally is a value between 0 and 1 where 0 implies death and 1
perfect health during 1 year. However, in our reference data it
was also possible to have a negative QALY since some health
situations were perceived by the patients as worse than death.
Per patient, the average of each mRS/utility score combination
across different time points was used as the QALY estimate. The
online supplemental material contains more information on the
data collection and computations with costs and utility scores
previously collected by van den Berg et al.”’ In short, costs were
computed from a healthcare payer perspective and included:
acute setting treatment cost, in-hospital costs, outpatient clinic
visits, rehabilitation, formal homecare, and long-term institu-
tionalized costs. The mRS at 90 days and 18 months were used
as reference points for the calculation of costs per mRS-related
health state for the first and second year after index AIS, respec-
tively. Follow-up costs per mRS from the third year onward were
assumed equal to costs of the second year excluding rehabilita-
tion costs (online supplemental table S1). Mean costs and QALY
values were used to perform baseline simulations. Historical
inflation rates from the Dutch Central Bureau of Statistics were
used to adjust the reported costs with reference year 2015 to the
reference simulation start year of this study (2021).>”

Sensitivity analyses

One-way sensitivity analyses were performed to assess the degree
of change in outcome due to change of a single input parameter.
Outcome measures were reported for an increase and decrease
of 10% with respect to the baseline input parameters. For age of
the simulated population, a deviation of 4 years from the baseline
age was used. Deviations in age were only used in the long-term
model, but the effect of age on 90-day mRS was not included
in this study. A probabilistic sensitivity analysis was performed
to assess input parameter uncertainty. Online supplemental
table S1 includes the distribution type per input parameter. 10
000 s order Monte Carlo simulations were used to estimate the
certainty of the estimates. External validation with respect to
simulated mRS and reported mRS in contemporary follow-up
data of endovascular treated patients was performed.” %°3° In

the external validation the proportion of patients with good
functional outcome (mRS <2), poor functional outcome but
not deceased (mRS 3-5), or death (mRS 6) were compared with
follow-up results from REVASCAT (1 year),” MR CLEAN (2
years),” and a study by Clua-Espuny et al (5 years).*°

Population effects

An estimate was made to represent the effects of 1 min of faster
EVT for the Dutch population based on the PSA results. For this
estimate the total population in the MR CLEAN registry part 1
and 2 (n=3279) included in 43 months was used to compute the
yearly number of LVO patients that receive EVT (n=887) and
thus could benefit from faster EVT. The outcome on the popula-
tion level was computed by taking a weighted average based on
the prevalence of each hour delay to groin puncture in the MR
CLEAN registry.

Outcome measures

The primary outcome measures used were Net Monetary Value
(NMV), a single aggregated value for costs, and QALYs where
QALYs are converted to a monetary value NMV=QALYs*will-
ingness to pay - costs, per hour delay from onset to groin punc-
ture, and Net Monetary Benefit (NMB, the NMV difference
between each hour): at a willingness to pay threshold of €80
000 per QALY.*® Secondary outcome measures were QALYs
and costs. Results were presented as cumulative values over the
S-year simulated period. Outcome measures were computed per
hour delay of time from onset to groin puncture and reported
for 1 min, 10 min, and 1 hour of faster EVT. Differences in
outcome measures between the hours were used to compute
outcome measures of faster EVT. Transforming outcomes per
hour of faster EVT to per minute includes an assumption of
constant differences between hours. Per minute of faster EVT,
additional days of disability-free life (additional days in perfect
health; QALYs/365), change in costs, and NMB were computed.
PSA results were reported as median with IQR. For descriptive
statistics (online supplemental table S2) distributions across
the 6-hour delay were statistically compared with ANOVA,
Kruskall-Wallis, and Chi-squared tests for normal distributed
continuous, non-normal distributed continuous, and categorical
distributed baseline variables, respectively.

Model input parameters

Online supplemental table S1 in the online supplementary mate-
rial depicts all parameters used for baseline simulations and
probabilistic sensitivity analyses.

RESULTS

Descriptive statistics

Online supplemental table S2 contains descriptive statistics
of 2892 MR CLEAN registry patients per hour of delay from
onset to groin puncture. Age, clinical (NIHSS), and radiological
(ASPECTS) parameters were significantly associated with delay
to EVT. The proportion of directly referred patients was signifi-
cantly lower in the 4th—6th hours of delay from onset to groin
puncture. Furthermore, intravenous thrombolysis was admin-
istered to 77.4%, and 61.3% of the entire population were
directly referred to an EVT-capable center.

Baseline simulations and one-way sensitivity analyses

Costs per hour of delay remained roughly equal, while QALYs
and thus NMV decreased (online supplemental table S3). Each
minute of faster EVT resulted in an NMB of €242 (per hour:
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Figure 3  Probabilistic sensitivity analysis results per hour of delay
from onset to groin puncture: Costs (A), quality-adjusted life-year
(QALY) (B), and Net Monetary Value (C) per hour time from onset to
groin puncture.

€14,519). This was mainly due to a 1.4 gain of disability free
life-days (0.224 QALYs per hour). Costs changed with -€41 per
minute of faster EVT (per hour: -€2,433).

The one-way sensitivity analysis revealed that age at the start
of simulations, QALYs per year in mRS 0-4, and costs per year
in mRS 3—4 affect NMB most. Costs in the first year in mRS 2—4
affected NMB more than costs made in the subsequent 4 years,
except for costs in mRS 4. Online supplemental figure S1 in the
online supplementary material depicts the one-way sensitivity
analyses results.

Probabilistic sensitivity analysis

Similar to the baseline simulation results, costs remained stable
while QALYs and thus NMV decreased per hour of delay in
the PSA (figure 3). Faster EVT resulted in no change in costs
(per minute median: -€15, IQR: -€65;€33 — per hour median:
-€969, IQR: -€3,897;€1,972), a gain in health (per minute
disability-free life-days gained median: 1.3, IQR: 1.0;1.6 — per
hour QALYs gained median: 0.22, IQR: 0.17;0.27), resulting in

a positive NMB (per minute median: €309, IQR: €226;389 -
per hour median: €18 513 IQR: €13,574;€23,376). Results of
faster EVT for differences between separate hours of time to
groin and the outcome for the Dutch population are depicted
in table 1. Faster EVT between the third and fourth hour had
a more profound effect on disability-free life-days and NMB.
For an expected number of 887 EVT-eligible AIS patients in the
Dutch population yearly, delivery of EVT by 1 min faster would
result in a median QALY gain of 3.5 (IQR: 2.1;4.9 — per hour
median: 210.1, IQR: 124.0;294.8), and a per minute median
NMB of €287 324 (IQR: €146,270;€428,547 — per hour
median: €17,239,435, IQR: €8,776,181;€25,712,803).

External validation of simulated MRS distributions

In online supplemental figure S2 in the online supplementary
material the external validation results are depicted. Good func-
tional outcome (mRS <2; online supplemental figure S2A) and
mortality (mRS 6; online supplemental figure S2C) at 1 and 2
years were comparable with results from the REVASCAT and
MR CLEAN follow-up studies.”* %’ Observed values were similar
to simulated values of 3-hour delay to groin puncture. Mortality
(mRS 6; online supplemental figure S2C) at 5= year follow-up
was higher in the simulated data compared with the study by

Clua-Espuny et al.*

DISCUSSION

Delay of time from onset to groin puncture results in a loss of
health (QALYs) that accumulates over the years following an
acute LVO stroke setting. Faster EVT will result in a gain in
health, while costs from a healthcare payer perspective remain
stable. Thus, faster EVT is cost effective. We have indicated that
an NMB of €309 per minute faster EVT may be achieved, which,
extrapolated to the Dutch population, equals an annual NMB
of €287 324. Since the treatment effect of EVT in the Dutch
MR CLEAN trial and Registry was lower than that of its inter-
national peers, it seems likely that the NMB per minute faster
EVT is even higher in populations with higher treatment effect
of EVT.

Even though only the potential benefits and not the costs
of realizing faster EVT were considered, this study provides a
strong argument to invest more in stroke logistics. Depending on
the approach to realize faster EVT it seems likely that additional
costs will be made. For example, better ambulance coverage or

Table 1

Probabilistic sensitivity analysis results per hour of faster treatment

Hour difference Costs in € median (IQR)

QALY gained median (IQR) NMB in € median (IQR)

2633 (=10,957;18,613)
-2219 (-6,651;2,240)
—3228 (-7,274;1,026)
4666 (440;9,078)
—3860 (-10,108;2,261)
-969 (-3,897;1,972)
-151 (-649; 329)

-15 (-65;33)

First — second hour

Second — third hour

Third — fourth hour

Fourth — fifth hour

Fifth — sixth hour

Per hour faster treatment*

Per 10 min faster treatment*

Per minute faster treatment™

Population outcome per hour of earlier treatment#
Population outcome per 10 min of earlier treatment#

Population outcome per minute of earlier treatment§ —14,423 (-97,482;74,326)

—865,387 (—5,848,900;4,459,552)
—144,231 (-974,817,743,258)

0.36 (0.09;0.61)
0.15(0.07;0.23)
0.34 (0.28;0.40)

( 23 799 (-3004;49,133)
(
(
0.22 (0.16;0.29)
(-
(
(

14 052 (6,809;21,714)
30 143 (23,732;36,679)
13125 (6,353;19,682)

0.09 (-0.01;0.18) 10 560 (1,708;19,971)

0.22 (0.17;0.27) 18513 (13,574;23,376)
13.5(10.5;16.4)t 3085 (2,262;3,896)

1.3(1.0;1.6)t 309 (226;389)

210.1 (124.0;294.8) 17 239 435 (8,776,181;25,712,803)
35.0 (20.7;49.1) 2 873 239 (1,462,696;4,285,467)
3.5(2.1;4.9) 287 324 (146,270;428,547)

*For each simulation the median value of the five differences between 6 hours was taken.

tThe per minute QALY results are depicted as disability-free life days gained (DALY). This is the daily value of a QALY (DALY=QALY/365).

tOutcome for the Dutch LVO stroke population if faster EVT is performed.
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public awareness of stroke symptoms might be used for faster
EVT delivery, which requires investments in ambulance coverage
and educational programs that are not included in this study.
Furthermore, it should be considered that in per euro invested in
expediting EVT there might be diminishing returns with respect
to the realized minutes of faster EVT.

The paradox of higher lifetime healthcare costs due to longer
survival caused no cost savings as a result of faster EVT in this
study. Patients with faster EVT had an improved functional
outcome (mRS) and life expectancy, however, additional health-
care costs were made in the long term. Faster EVT in the popu-
lation treated between the third and fourth hour of onset to
groin puncture was related to a larger health effect than that of
differences between other hours. This could be related to the
proportion of directly referred patients to an EVT-capable stroke
center (online supplemental table S2): a potential selection of
indirectly referred patients could have occurred. Although a
clear relationship between faster EVT and NMB was found, this
result was very sensitive to age. An increase in age resulted in
an exponential decrease of the cost effectiveness of faster EVT
in terms of NMB, which is in line with the findings by Wu et al
where the cost effectiveness of reperfusion after EVT decreased
with an increase in age.’! In addition, the effect of age in this
study is likely to be an underestimation since the modeled effect
of age only considered mRS changes in the long run (after 90
days' post-stroke), whereas it is known that age is also related to
poor functional outcome at 90 days.*

Findings from this study are in accordance with the US-based
population study by Kunz et al,'* and the indirect effect of time
on the cost-effectiveness analyses for M2 occlusions by Khunte
et al.’? The exact quantitative value of faster EVT was, however,
much less (NMB median: $1,059; 95% prediction interval:
$555-$1,485) than the study by Kunz et al. This difference in
NMB per minute of faster EVT was mainly due to differences
in follow-up simulation time and cost computations: Kunz et
al used life-time simulations and included both societal and
healthcare costs, while 5-year follow-up and only direct health-
care costs were used in this study. This timespan was chosen to
retrieve a more conservative and certain estimation of the value
of time, since the simulation of longer follow-up results in the
accumulation of probability estimate errors. Kunz et al also
found that age was the major factor affecting NMB of faster
treatment.'* The comparison of simulated results with observed
long-term mRS distributions revealed a comparable proportion
of good functional outcome but a higher mortality rate in the
baseline simulations than observed rates in the validation studies
considered.” #* 3% Although this might implicate an overes-
timated mortality rate, a lower age in two of three validation
studies (age in Clua-Espuny et al*’; MR CLEAN; REVASCAT:
69.5;65.5;67.2) could explain the lower mortality rate in these
studies. In addition, these validation studies either were retro-
spective in design and thus prone to selection bias (Clua-Espuny
et al’”), had a large loss to follow-up (MR CLEAN, 16.7%), or
had a relatively low sample size (REVASCAT, n=103).

The lack of data regarding the long-term decline of mRS,
stroke recurrence, and mortality in patients with LVO under-
going EVT remains a shortcoming of this study. If survival and
time in different mRS states differ in the long-run costs and
health effects also alter significantly. Another limitation of this
study was the lack of recent data on healthcare spending after
a 2-year follow-up period and societal costs. To improve the
accuracy of cost-effectiveness studies in stroke, future research
should aim at retrieving better cost estimates from a healthcare
payer and societal perspective related to mRS during multiple

years after an initial stroke. However, if the relative cost differ-
ences related to the mRS Markov states remain similar, it is in
the line of expectation that the results of this study would not
differ. Furthermore, mRS decline and mortality related to mRS
in time should be studied more extensively.

The results of this study should be seen as the potential benefit
of faster EVT at a population level: 1 min of faster EVT does not
necessarily benefit every patient equally. Since age has a large
effect on the cost effectiveness of faster treatment, the extrap-
olation of findings from this study to other, potentially much
older, populations should be performed with caution. Further-
more, the high percentage of direct referral to an EVT-capable
center and intravenous thrombolysis administration were not
included in this study. Deviations of those percentages in other
populations might result in a different EVT treatment effect/
time relationship which, in turn, affects cost effectiveness and
clinical outcomes. However, randomized controlled trial-based
cost effectiveness analyses are required to determine the rela-
tionship between direct referral to EVI-capable centers, throm-
bolysis administration, and faster EVT. Nevertheless, we believe
that with the available (public) information this study gives a
fine-grained representation of mRS and a conservative cost and
health effect estimate that stresses the necessity for healthcare
payers to extensively invest in faster EVT delivery.

CONCLUSION

Saving time to groin puncture has the potential to improve
health while healthcare costs may be expected to remain stable
over S-year follow-up. At a willingness to pay of €80 000 per
QALY, 1 min of faster treatment is equivalent to 1.3 disability-
free life-days saved and a NMB of €309 in a median 69-year-old
Dutch population.
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Cost and QALY computation

This appendix contains information on the data collection and computations with costs and utility scores
previously collected by van den Berg et al. currently under review.

Costs per unit of care: Per unit of care the costs were extracted from the Dutch costing manual for
health care research 2015, hospital registration system, and data published by the institute of Medical
Technological Assessment (iMTA) Rotterdam the Netherlands. These per unit costs were used to
compute the total costs for the reference year 2015.

Acute setting units of care used: In the acute stroke setting the following units of care were included to
compute acute setting costs. Units of care related to the intervention were deterministically defined.
The following intervention care was included: 1 (neuro-) interventionist, 1 anesthesiologist, 2 radiology
assistants, 2 anesthesia assistants during 1.5 hours of treatment delivery. 1 CTA scan was added,
thrombectomy materials (guide wire, balloon, stent retriever or aspiration device), angiographic
materials, vascular closure devices, and heparin. Additional costs for general anesthesia were added; we
thus assumed all procedure s were conducted with general anesthesia (only marginal cost difference).
The total acute treatment costs, thrombolysis excluded, were inflated by 42% according to represent
overhead costs, the percentage was derived from iMTA (maximum overhead percentage academical
hospitals). Finally, the costs of thrombolysis delivery were extracted from Medicijnkosten.nl 2016.

Long term setting units of care used: In-hospital care use, outpatient clinic visits, rehabilitation, formal
homecare, and long-term institutionalized care were extracted from patient questionnaires and report
forms, medical records, and the hospital information systems.

Quality-adjusted life year (QALY): EuroQol5D questionnaires were used to compute utility scores
between -0.329 and 1 at 3, 6, 9, 12, 18, and 24 months. The negative utility refers to a situation that is
worse than death (QALY=0), a QALY of 1 refers to perfect health. Per patient, the EQ5D utility was
averaged across different time points per mRS group. The resulting value was used as the QALYs per unit
of time in an mRS group.

van Voorst H, et al. J Neurolntervent Surg 2021;0:1-8. doi: 10.1136/neurintsurg-2020-017017



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurolntervent Surg
| Age of cohort in 2021 (65-83)
] QALY in mRS 2 {(0.72-0.88)
] QALY in mRS 3 (0.558-0.682)

Costs first year mRS 4 (101,173-123,655)
[ QALY in mRS 4 (0.369-0.451)

QALY in mRS O or 1 (0.846-1)

] Costs after second year mRS 4 (27,933-34,141)
[ ] Costs first year mRS 3 (74,207-90,697)
| Costs second year mRS 4 (38,874-47,512)
[ | Costs first year mRS 2 (47,524-58,084)

11800 12300 12800 13300 13800 14300 14800 15300 m Increase of variable value with 10%
NMB per hour of faster EVT (£) Decrease of variable value with 10%

Figure S1. Net monetary benefit Tornado diagram: The effects in terms of NMB per hour of faster EVT
due to a 10% increase (red) or decrease (blue) in model input parameters is depicted in a descending
order for the 10 most impactful model parameters. The middle of the tornado diagram used the median
NMB (€14,519) found in the baseline simulations. NMB: net monetary benefit, QALY: Quality-adjusted
life years.
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Figure S2. Baseline simulation external validation: Per hour of time from onset to groin puncture the
proportion of simulated patients in mRS 0-2 (A), mRS 3-5 (B), and mRS 6 (C) was depicted. Published
long term follow-up of EVT treated patients from Clua-Espuny et al. (cross), MR CLEAN (circle), and
REVASCAT (triangle) were added. Due to a joint reporting of mRS 5-6 in the REVASCAT follow-up, pane B
includes mR 3-4 and pane C mRS 5-6. mRS: modified Rankin Scale.
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Variables Baseline value Distribution Data source
Outcome

number of patients (%)

mRS after 0-60 minutes

e o gron (s sz
01/2/3/4/5/6) : : gistry
MRS after 61-120 106(29.4)/78(21.7)/53(14.7)/ B I
minutes time to groin 30(8.3)/16(4.4)/77(21.4) Dirichlet R e
(MRS: 01/2/3/4/5/6) : : : gistry
mﬁsu:(fetseg;il;Sg(:om 263(27.9)/181(19.2)/116(12.3)/ Dirchlet I
(MRS: 01/2/3/4/5/6) 112(11.9)/42(4.5)/228(24.2) registry
nmqﬁlsuizzetri:qilt'i?om 162(19.5)/147(17.7)/116(14.0)/ Circhlet MR CLEAN
(mRS: 01/2/3/4/5/6) 100(12.0)/52(6.3)/254(30.6) registry
mﬁsuf:‘ietriitltfzgom 73(16.0)/72(15.8)/64(14.0)/ I MR CLEAN
(MRS: 01/2/3/4/5/6) 49(10.7)/31(6.8)/167(36.6) registry
mﬁsuf:‘ietri;?tfsgoin 42(14.6)/39(13.6)/36(12.5)/ I MR CLEAN
& 48(16.7)/14(4.9)/108(37.6) registry

(mRS: 01/2/3/4/5/6)
mRS no EVT (after

16(7.7)/35(16.8)/44(21.2)/

recurrent stroke; by Dirichlet MR CLEAN trial
1(38. 2(15.4
mRS: 01/2/3/4/5) 81(38.9)/32(15.4)
IVT given (per hour 11(68.8)/265 (73.6)/735 (78.5)/663 Sets MR CLEAN
1/2/3/4/5/6) t (79.9)/352 (77.5)/206 (71.8) registry
. . Pennlert et al.
Baseline recurrent Dependent on years after index .
. . Fixed values supplementary
stroke ischemic stroke .
material
HR recurrent stroke (by
1. Log- .
mRS: 01/2/3/4/5) Age (OR 1.03 per year) dependent og-normal Pennlert et al
Dutch Royal
Baseline mortality Age, gender, and year dependent Fixed values Actuarian
Society
HR mortality (by mRS:
01/2/3/4/5) 1.54/2.17/3.18/4.55/6.55 Log-normal Hong et al.
Inflation rate in %
per year .
(2015/2016/2017/2018/ 0.6/0.3/1.4/2.6/1.7 Fixed value CBS
2019/2020 and after)
Costs and QALY mean(std)
. CLOT MR
Costs EVT 9924.50 Fixed value CLEAN
CLOT MR
T X i
Costs IVT 950.82 Fixed value CLEAN

van Voorst H, et al. J Neurolntervent Surg 2021;0:1-8. doi: 10.1136/neurintsurg-2020-017017



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s)

J Neurol ntervent Surg

33,402(31,930)/52,804(23,571)/

SZ’ZXE; é;’y mRS: 82,452(35,333)/112,414(35,786)/ Gamma CE(L)ET A'K'IR
96,640(30,463)/21,112(17,350)
_ 5,934(15,918)/8,543(14,844)/
SZ’ZXE; é;’y mRS: 19,235(15,999)/43,193(45,640)/ Gamma CE(L)ET A'K'IR
56,425/24,252)/423(3,196)
3,633(9,087)/7,318(13,770)/
rCnOI:;_S S’ij‘zr /237:/\,;%;1 §(by 16,276(11,753)/31,037(19,928)/ Gamma CE(L)ET A'K'IR
' 54,997(24,874)/374(3,118)
QALY (by mRS: 0.94(0.09)/0.80(0.17)/0.68(0.24)/ beta CLOT MR
01/2/3/4/5/6) 1 0.39(0.26)/0.24(0.25)/0(0.01) CLEAN

Table S1. Model input parameters: t: Probability of IVT per hour of onset time to groin and costs of IVT
were combined to compute additional treatment costs on top of EVT, patients referred from medical

centers without EVT capabilities with >4.5 hours onset time to groin could also have received IVT.
$:Mean and standard deviation (std) of cost and QALY estimates were used to construct gamma
distributions and beta distributions respectively. §: Rehabilitation costs were close to zero after the

second year follow up year and were assumed zero. Adding to this assumption is that rehabilitation is

not seemed effective more than 2 years after index stroke. 9: mRS 6 - QALY association depicts the
association for the year of death, all subsequent years QALY was assumed zero. CBS: Dutch Central

Bureau of Statistics.
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Hours of delay from onset to groin puncture value
All hours First Second Third Fourth Fifth Sixth P
Total count (n) 2892 16 360 942 831 456 287
Age (years) 70(14.0) | 63 (15.0) | 69(14.1) | 68 (14.2) | 71(13.1) | 71 (14.2) | 71 (15.1) <le-4
NIHSS 16 (11- 16 (11- | 16(12- | 16(11- | 15(11- | 16(10-
20) 10(5-15) 20) 20) 19) 19) 20) 0.03
ASPECTS 9(8-10) | 10(9-10) | 9(8-10) | 9(8-10) | 9(7-10) | 9(7-10) | 9(7-10) | <le-4
Sex female 1373 8 145 427 403 227 163 <1e-3
(47.5%) (50.0%) (40.3%) (45.3%) (48.5%) (49.8%) (56.8%)
Collateral
0.63
score
2 1
0 168 0 (0.0%) 19 56 46 3 5
(6.2%) (5.5%) | (6.4%) | (5.9%) | (7.5%) | (5.7%)
1 987 4 118 314 301 166 84
(36.3%) (30.8%) (34.0%) (35.7%) (38.7%) (38.7%) (32.1%)
2 1038 8 140 340 292 152 106
(38.3%) | (61.5%) | (40.3%) | (38.7%) | (37.5%) | (35.4%) | (40.5%)
3 516 1(7.7%) 70 169 139 79 57
(19.0%) SR 202%) | (19.2%) | (17.9%) | (18.4%) | (21.8%)
mRS prior to
0.04
stroke
0 2563 12 247 655 547 274 173
(73.6%) | (75.0%) | (69.2%) | (70.7%) | (67.4%) | (61.6%) | (63.6%)
1 377 3 38 126 106 59 45
(10.8%) (18.8%) (10.6%) (13.6%) (13.1%) (13.3%) (16.5%)
2 213 1(6.2%) 32 57 68 38 17
(6.1%) P (9.0%) | (6.1%) | (8.4%) | (8.5%) | (6.2%)
3 188 0 (0.0%) 30 50 47 39 22
(5.4%) SO (8.4%) | (5.4%) | (5.8%) | (8.8%) | (8.1%)
4 116 . . 32 35 30 12
(3.3%) | OO0 | 7RO 1550 | 439 | (6.7%) | (4.4%)
> (02870 ) | 0000%) | 308%) | 7(08%) | 9(11%) | 5(1.1%) | 3(11%)
. (o]
Infarct in left 1277 3 167 405 383 191 128 014
hemisphere (47.0%) | (18.8%) | (49.1%) | (45.7%) | (48.7%) | (44.8%) | (48.5%) )
IVT 2232 11 265 735 663 352 206
(77.4%) | (68.8%) | (73.6%) | (78.5%) | (79.9%) | (77.5%) | (71.8%) | %03
Off-hours 1827 3 178 574 543 325 204
le-5
(63.2%) (18.8%) (49.4%) (60.9%) (65.3%) (71.3%) (71.1%) <€
?;;2::2; wpyr | 1773 14 344 616 416 226 157 e
(61.3%) | (87.5%) | (95.6%) | (65.4%) | (50.1%) | (49.6%) | (54.7%)
capable center
Time from 98.7 138 188
onset to VT (53.2) 20(10.9) | 58 (17.0) | 72 (24.7) | 98 (35.7) (54.2) (65.2) <le-5
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Time from
. 199 102 153 210 269 330
onsettogroin | oo 44D 4o | a70) | (168) | (72) | (75 | &
puncture
Time from
254 160 210 264 324 383
onset to 757) |28CY | 387) | (384) | (393) | (3a1) | (37.2) | “1&°
reperfusion

Table S2. Descriptive statistics per hour of delay from onset to groin puncture. Descriptive statistics are

either presented as: mean (std), median (25th percentile-75th percentile), count (percentage%). EVT:

endovascular treatment, IVT: intravenous treatment, NIHSS: NIH stroke scale, ASPECTS: Alberta stroke

program early CT score, ER: emergency room, off-hours implied if the patient was admitted between

17:00-08:00 on week-days, in the weekend, or on holidays.
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Hours from onset to groin

Sixth (301-360 minutes)

puncture Costs (€) QALY NMV
First (<60 minutes) 125,254 2.848 102,564
Second (61-120 minutes) 120,700 2.509 79,993
Third (121-180 minutes) 123,133 2.358 65,474
Fourth (181-240 minutes) 126,118 2.015 35,081
Fifth (241-300 minutes) 121,631 | 1791 | 21,614
125,853 1.703 10,395

Table S3. Baseline simulation results per hour of delay from onset to groin puncture: QALY: Quality-

adjusted life year, NMV: Net Monetary Value.
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Section/item Item | Recommendation Reported on page
No No(p)/ line No(l)
Title and
abstract
Title 1 Identify the study as an economic valuation or P113
use more specific terms such as “cost-
effectiveness analysis”, and describe the
interventions compared.
Abstract 2 Provide a structured summary of objectives, P1I130-p2111
perspective, setting, methods (including study
design and inputs), results (including base case
and uncertainty analyses), and conclusions.
Introduction
Background and | 3 Provide an explicit statement of the broader P2130-p3 127
objectives context for the study. Present the study question
and its relevance for health policy or practice
decisions.
Methods
Target population | 4 Describe characteristics of the base case P3134-44
and subgroups population and subgroups analysed, including
why they were chosen.
Setting and 5 State relevant aspects of the system(s) in which | P3113-24, p111, p4
location the decision(s) need(s) to be made. 112-35
Study perspective | 6 Describe the perspective of the study and relate | P5153 —p6 117
this to the costs being evaluated.
Comparators 7 Describe the interventions or strategies being P515-8
compared and state why they were chosen.
Time horizon 8 State the time horizon(s) over which costs and P4 |12-21
consequences are being evaluated and say why
appropriate.
Discount rate 9 Report the choice of discount rate(s) used for P4 124-30
costs and outcomes and say why appropriate.
Choice of health 10 Describe what outcomes were used as the p7121-53
outcomes measure(s) of benefit in the evaluation and their
relevance for the type of analysis performed.
Measurement of 11a | Single study-based estimates: Describe fully the | Not applicable
effectiveness design features of the single effectiveness study
and why the single study was a sufficient source
of clinical effectiveness data.
11b | Synthesis-based estimates: Describe fully the P4 139-52
methods used for identification of included
studies and synthesis of clinical effectiveness
data.
Measurement and | 12 If applicable, describe the population and Not applicable

valuation of
preference based
outcomes

methods used to elicit preferences for outcomes.
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Estimating
resources and
costs

13a

Single study-based economic evaluation:
Describe approaches used to estimate resource
use associated with the alternative

interventions. Describe primary or secondary
research methods for valuing each resource item
in terms of its unit cost. Describe any
adjustments made to approximate to opportunity
costs.

Not applicable

13b

Model-based economic evaluation: Describe
approaches and data sources used to estimate
resource use associated with model health states.
Describe primary or secondary research methods
for valuing each resource item in terms of its
unit cost. Describe any adjustments made to
approximate to opportunity costs.

P4 140-55, p5 16 —
p6 124, online
supplement

Currency, price
date, and
conversion

14

Report the dates of the estimated resource
quantities and unit costs. Describe methods for
adjusting estimated unit costs to the year of
reported costs if necessary. Describe methods for
converting costs into a common currency base
and the exchange rate.

P6117-23

Choice of model

15

Describe and give reasons for the specific type
of decision analytical model used. Providing a
figure to show model structure is strongly
recommended.

P3147 -p4 121,
figure 1

Assumptions

16

Describe all structural or other assumptions
underpinning the decision-analytical model.

P5|41-p6|23

Analytical
methods

17

Describe all analytical methods supporting the
evaluation. This could include methods for
dealing with skewed, missing, or censored data;
extrapolation methods; methods for pooling
data; approaches to validate or make adjustments
(such as half cycle corrections) to a model; and
methods for handling population heterogeneity
and uncertainty.

P6126—p7|17

Results

Study parameters

18

Report the values, ranges, references, and, if
used, probability distributions for all parameters.
Report reasons or sources for

distributions used to represent uncertainty where
appropriate. Providing a table to show the input
values is strongly recommended.

Tables S1, S2
(supplement)

Incremental costs
and outcomes

19

Report the values, ranges, references, and, if
used, probability distributions for all parameters.
Report reasons or sources for

distributions used to represent uncertainty where
appropriate. Providing a table to show the input
values is strongly recommended.

Table 1, figures S1,
S2 (supplement)
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Characterising 20a | Single study-based economic evaluation: Not applicable
uncertainty Describe the effects of sampling uncertainty for
the estimated incremental cost and incremental
effectiveness parameters, together with the
impact of methodological assumptions (such as
discount rate, study
perspective).
20b | Model-based economic evaluation: Describe the | P8 144 — p9|28,
effects on the results of uncertainty for all input | figure 3, table 1
parameters, and uncertainty related to the
structure of the model and assumptions.
Characterising 21 If applicable, report differences in costs, Not applicable
heterogeneity outcomes, or costeffectiveness that can be
explained by variations between subgroups of
patients with different baseline characteristics or
other observed variability in effects that are not
reducible by more information.
Discussion
Study findings, 22 Summarise key study findings and describe how | P10|6-20
limitations, they support the conclusions reached. Discuss
generalisability, limitations and the generalisability of the
and current findings and how the findings fit with current
knowledge knowledge.
Other
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