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Abstract
Background and Objectives
Patients with acute ischemic stroke due to large vessel occlusion (LVO) deemed eligible for
endovascular thrombectomy (EVT) are transferred from the emergency room to the angiog-
raphy suite to undergo the procedure. Recently, the strategy of direct transfer of patients with
suspected LVO to the angiography suite (DTAS) has been shown to improve functional
outcomes. This study aims to evaluate the cost-effectiveness of the DTAS strategy vs initial
transfer of patients with suspected LVO (Rapid Arterial Occlusion Evaluation score >4 and
NIH Stroke Scale >10) to the emergency room (ITER).

Methods
A decision-analytic Markov model was developed to estimate the cost-effectiveness of the
DTAS strategy vs the ITER strategy from a Dutch health care perspective with a 10-year time
horizon. The primary outcome was the incremental cost-effectiveness ratio (ICER) using
Dutch thresholds of $59,135 (€50,000) and $94,616 (€80,000) per quality-adjusted life year
(QALY). Uncertainty of input parameters was assessed using 1-way sensitivity analysis, sce-
nario analysis, and probabilistic sensitivity analysis.

Results
The DTAS strategy yielded 0.65 additional QALYs at an additional $16,089, resulting in an
ICER of $24,925/QALY compared with the ITER strategy. The ICER varied from $27,169 to
$38,325/QALY across different scenarios. The probabilistic sensitivity analysis showed that the
DTAS strategy had a 91.8% and 97.0% likelihood of being cost-effective at a decision threshold
of $59,135/QALY and $94,616/QALY, respectively.

Discussion
The cost-effectiveness of the DTAS strategy over ITER is robust for patients with suspected
LVO. Together with recently published clinical results, this means that implementation of the
DTAS strategy may be considered to improve the workflow and outcome of EVT.
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Introduction
The mean prevalence of large vessel occlusion (LVO) in acute
ischemic stroke is approximately 30% (7%–61%), and the pres-
ence of LVO in acute ischemic stroke is associated with a higher
risk of death compared with non-LVO.1 Endovascular throm-
bectomy (EVT) has become the standard treatment for acute
ischemic stroke due to anterior circulation LVO. EVT was cost-
effective compared with medical treatment in various countries,2

but the effect remains highly time-dependent.3 Faster in-hospital
processes of acute stroke care, such as emergency department
door-to-reperfusion time, are associated with better 90-day func-
tional outcomes for patients with LVO treated with EVT.3 In fact,
10 minutes of faster EVT resulted in 13.5 disability-free life days
saved in Dutch patients4 and 39 disability-free life days in the US
patients.5 Therefore, optimal EVT treatment necessitates expe-
diting the diagnostic process of acute stroke.

In most Western countries, LVOs are usually diagnosed with
CT angiography (CTA) performed in the emergency de-
partment. When deemed eligible, patients will then be trans-
ferred to the angiography suite to undergo EVT. However, a
flat-panel CT in the angiography suite also can rule out in-
tracranial hemorrhage or large established ischemic lesions,
which contraindicate EVT. After flat-panel CT, LVO can be
confirmed by digital subtraction angiography.6 Recently, sev-
eral studies have shown that direct transfer to the angiography
suite (DTAS) of patients with suspected LVO significantly
decreased hospital workflow time and improved functional
outcomes at 90 days for patients with LVO.6,7 DTAS opens a
potential strategy of workflow improvement for rapid delivery
of EVT bypassing CTA in the emergency department. How-
ever, introducing DTAS could result in higher costs and un-
necessary occupation of the angiography suite in non-LVO
patients and increase the workload for the angiography team. A
recent economic evaluation8 concluded that DTAS was cost-
effective in patients with suspected LVO within 6 hours from
stroke onset in Spain. Therefore, the aim of this study was to
evaluate the cost-effectiveness of DTAS compared with initial
transfer to the emergency room (ITER) in patients with sus-
pected LVO from the Dutch health care perspective.

Methods
Population, Strategies, and Setting
The Evaluation of Direct Transfer to Angiography Suite vs.
Computed Tomography Suite in Endovascular Treatment:

Randomized Clinical Trial (ANGIOCAT) trial6 was an open,
randomized controlled trial with blinded end point assess-
ment conducted in Spain. The study evaluated the functional
outcome at 90 days after EVT for patients with LVO after the
DTAS or ITER workflow. The trial included 174 patients with
suspected LVO6 within 6 hours of symptom onset who had a
Rapid Arterial Occlusion Evaluation (RACE) score >4 on
scene or during transport and NIH Stroke Scale (NIHSS) >10
at arrival as scored by neurologists. LVO was confirmed in 147
patients (74 in DTAS and 73 in ITER).6 Based on the char-
acteristics of patients in the ANGIOCAT trial,6 we generated a
hypothetical cohort of 10,000 patients with suspected LVO
with a mean age of 74 years. This was necessary as the DTAS
strategy is currently no routine clinical practice in the Neth-
erlands. In the DTAS strategy, patients with suspected LVO
(RACE >4 and NIHSS >10) would be directly transferred to
the angiography suite for diagnostic evaluation, potentially
followed with IV thrombolysis (IVT) and EVT. A flat-panel
CT was performed to rule out intracranial hemorrhage or a
large established infarct. Subsequently, IVT could be adminis-
tered. Patients would undergo EVT if angiography confirmed
LVO. In the ITER strategy, patients with suspected LVO were
first transferred to the emergency room to confirm LVO byCT
orCTA. If necessary, the treating physician could decide for the
use of CT perfusion. When indicated, IVT would be admin-
istered directly after CT or CTA. Next, patients would be
transferred to the angiography suite to undergo EVT when
deemed eligible. Both strategies were applied to (hypothetical)
patients directly admitted to comprehensive stroke centers in
the Netherlands.

Model Structure and Assumption
We developed a 1-year decision tree model and a 9-year
Markov model to estimate the cost-effectiveness of the DTAS
strategy vs the ITER strategy from a Dutch health care payer
perspective (Figure 1). A 10-year model was chosen because
the average life expectancy for a 75-year person was 12 years in
the Netherlands.9 We assumed that workflow efficiencies and
adverse events between the 2 strategies would be similar for
non-LVO patients,6 but diagnosis costs in non-LVO patients
were taken into account in the model.

Functional outcome is assessed 90 days after stroke for the
modified Rankin Scale (mRS) score, with higher scores in-
dicating more severe disability. The DTAS and ITER strat-
egies resulted in different mRS scores at 90 days after stroke
in the ANGIOCAT trial.6 Recently, clinical trials reported

Glossary
AdViSHE = Assessment of the Validation Status of Health Economic decision models;CTA = CT angiography;DTAS = direct
transfer to the angiography suite; EVT = endovascular thrombectomy; FAST = face arm speech time; ICER = incremental cost-
effectiveness ratio; ITER = initial transfer to the emergency room; IVT = IV thrombolysis; LVO = large vessel occlusion;mRS =
modified Rankin Scale;NIHSS =NIH Stroke Scale;OR = odds ratio;QALY = quality-adjusted life year;RACE = Rapid Arterial
Occlusion Evaluation.
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excellent function (combining mRS 0 and mRS 1) as the
primary outcome in stroke patients.10 In addition, mRS 2
and mRS 3 had similar health utility and costs.4,11 Hence,
we included 5 states in our model: mRS 0–1, mRS 2–3,
mRS 4, mRS 5, and death (mRS 6). We assumed that the
mRS at 90 days might significantly improve or deteriorate
in the first year after stroke but would remain stable
thereafter. Therefore, patients’ mRS at 1 year was used as

an entry state in the Markov model to estimate long-term
outcomes in the subsequent 9 years. During each 1-year
cycle, patients could remain in their mRS or make a tran-
sition to another mRS or “death due to all causes”
(Figure 1, B and C). In the Markov model, long-term costs
and effectiveness were attributed to mRS scores, and we
assumed that other risk factors would be similar between
groups.

Figure 1 Cost-effectiveness Model Structure

(A) Decision treemode. (B) 1-year cycle Markovmodel for patients withmRS 0–1. (C) 1-year cycle Markovmodel for patients with mRS 2–3. LVO = large vessel
occlusion; M = Markov model; mRS = modified Rankin scale; RACE = Rapid Arterial Occlusion Evaluation.

e1038 Neurology | Volume 101, Number 10 | September 5, 2023 Neurology.org/N
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Input Parameters

Epidemiology and Clinical Parameters
We identified 7 relevant studies comparing DTAS and ITER
based on the recent systematic review.12 However, 1 trial13

did not report mRS score at 90 days, 1 case-control study14

reported mRS 0–2 only, and 4 studies15-18 had an observa-
tional design and were conducted in patients admitted first to
primary stroke centers and then transferred to EVT-capable
centers. Therefore, the ANGIOCAT trial6 was the only in-
cluded study to assess short-term outcomes for patients in the
DTAS and ITER groups (Table 1). The transition matrix of
changing mRS from 90 days to 1 year and from 1 year onward
was identified by applying data from the extended follow-up
of the MR CLEAN trial19 (eTables 1–3, links.lww.com/
WNL/C984). Quality of life, expressed in utility, was derived
from a previous publication for the Dutch stroke population.4

The mortality rate in the Markov model was estimated by
combining results of the clinical trial19 and mortality data of
the Dutch life tables for different age groups.20 The age-based
risk for mortality for the Dutch general population was

derived from Dutch survival statistics (Central Bureau of
Statistics).20 We assumed that the mortality rate over the 10-
year period after stroke depended on the mRS and age
(eTable 3, links.lww.com/WNL/C984).

Cost Parameters
Direct medical costs were included in our models based on a
Dutch health care perspective. Health care costs in LVO and
non-LVO patients were derived from data repositories and
expert opinion from the University Medical Center Gronin-
gen, published data, and the Dutch reference costs (Table 1
and eTable 4, links.lww.com/WNL/C984). All costs were
converted to the reference year 2021 in Euros (€) by using
the Dutch consumer price index21 and reported in USD ($)
(€1 = $1.1827 in 2021).22

Outcomes
The primary outcome was the incremental cost-effectiveness
ratio (ICER) calculated as the difference in the total costs
between 2 strategies divided by the difference in the quality-
adjusted life years (QALYs). The DTAS strategy was con-
sidered cost-effective if the ICER fell below the decision

Table 1 Input Parameters

Model inputs Base case Distribution Reference

Positive predictive value of RACE >4 and NIHSS >10 84.48% Uniform ANGIOCAT trial6

% of EVT in DTAS group 100% Invariant ANGIOCAT trial6

% of EVT in ITER group 87.7% Beta ANGIOCAT trial6

% of IVT in DTAS group 50.0% Beta ANGIOCAT trial6

% of IVT in ITER group 53.4% Beta ANGIOCAT trial6

mRS scores 0–1/2–3/4/5/6 at 3 mo in DTAS group 0.2838/0.2973/0.1351/0.0676/0.2162 Dirichlet ANGIOCAT trial6

mRS scores 0–1/2–3/4/5/6 at 3 mo in ITER group 0.1233/0.3425/0.0959/0.0959/0.3424 Dirichlet ANGIOCAT trial6

Health utilities of mRS scores 0–1/2–3/4/5/6 0.94/0.72/0.41/0.20/0.00 Beta CLOT MR CLEAN4

Costsa ($)

Patients with LVO

IVT costs 1,524 Uniform Supplementary

EVT in ITER strategy 13,256 Uniform Supplementary

EVT in DTAS strategy 12,865 Uniform Supplementary

Non-LVO patients

ITER strategy 774 Uniform Supplementary

DTAS strategy 2,206 Uniform Supplementary

Costs in year 1 of mRS scores 0–1/2–3/4/5/6 41,365/84,073/139,214/119,680/26,146 Gamma CLOT MR CLEAN4

Costs in year 2 of mRS scores 0–1/2–3/4/5/6 7,349/15,629/53,490/69,877/524 Gamma CLOT MR CLEAN4

Costs in year 2 onward of mRS scores 0–1/2–3/4/5/6 4,499/13,293/38,437/68,108/464 Gamma CLOT MR CLEAN4

Abbreviations: DTAS = direct transfer to the angiography suite; EVT = endovascular thrombectomy; ITER = initial transfer to the emergency room; IVT = IV
thrombolysis; LVO = large vessel occlusion; mRS = modified Rankin Scale.
a Costs were adjusted to the year 2021 by the Dutch consumer price index and reported in $.

Neurology.org/N Neurology | Volume 101, Number 10 | September 5, 2023 e1039
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threshold of €80,000/QALY ($94,616).23 In addition, we
applied the decision threshold of €50,000/QALY (per
capita Gross Domestic Product per QALY) ($59,135) to
consider the DTAS highly cost-effective in line with the
World Health Organization recommendations.24 In ac-
cordance with the Dutch guideline for economic evalua-
tions in health care, we applied an annual discount rate of
4% and 1.5% for costs and QALYs, respectively, to take into
account the effect of time preference on costs and effec-
tiveness.25 All analyses and modeling were performed in
Treeage Pro 2022 R1.2. The study was reported according
to the Consolidated Health Economic Evaluation Report-
ing Standards statement.26

Scenario Analyses
Patients with suspected LVO with RACE score >4 and
NIHSS >10 were included in the base case analysis as they
were inclusion criteria in the ANGIOCAT trial.6 To explore
the effect of inclusion criteria (i.e., without NIHSS >10 on
admission), we applied the positive predictive value of RACE
score >4 (0.42) from the PRESTO trial in scenario 1.27

Currently, the prehospital RACE scale is not routinely used in
the Netherlands (except for some regions).28 Therefore, we
also analyzed the cost-effectiveness of the DTAS vs ITER
strategies in suspected stroke patients by EMS paramedics
with positive face-arm-speech-time (FAST) test27 (without
the results of the RACE scale) to accurately reflect the current
situation in the Netherlands (scenario 2). An incidence of
12% LVO in the cohort of suspected stroke patients was used
in scenario 2 as a conservative assumption.27 In addition, a
4-year Markov model was applied for scenario 3 to further
explore the effect of follow-up time on the strategies.

Sensitivity Analyses
We employed 1-way sensitivity analyses to assess the effect of
uncertainty of the input parameters on the ICER. Input parameters
with their range are summarized in the eTable 5 (links.lww.com/
WNL/C984). Parameters for which sensitivity analysis indicated a
high effect on the ICER were presented in a Tornado diagram.

A probabilistic sensitivity analysis was performed usingMonte
Carlo simulation with 10,000 iterations by drawing random
values from input parameters’ distribution to evaluate un-
certainty (Table 1 and eTable 6, links.lww.com/WNL/
C984). The probabilities of each strategy being cost-effective
at varying decision thresholds were presented using cost-
effectiveness acceptability curves.

Model Validation
We applied the Assessment of the Validation Status of Health
Economic decision models (AdViSHE) tool29 in the process
of model validation. The AdViSHE tool includes 13 items
divided into 5 parts: validation of the conceptual model, input
data validation, validation of the computerized model, oper-
ational validation, and other validation techniques.

Standard Protocol Approvals, Registrations,
and Patient Consents
Ethics approval was not required as this work was based on a
model-based analysis with published input parameters, and no
individual patient data were used. This studywas not registered.

Data Availability
All relevant data are provided in the manuscript and its sup-
plementary material.

Table 2 Cost-effectiveness Results per Patient

Strategy
Cost per
patient ($)

Incremental cost
per patient ($) QALY per patient

Incremental QALY
per patient ICER ($/QALY)

Base case: RACE >4 and NIHSS >10

ITER 92,634 — 2.42 — —

DTAS 108,723 16,089 3.06 0.65 24,925

Scenario 1: without NIHSS >10

ITER 46,443 — 1.70 — —

DTAS 55,162 8,719 2.03 0.32 27,169

Scenario 2: without RACE >4 and NIHSS >10

ITER 13,822 — 1.20 — —

DTAS 17,336 3,514 1.29 0.09 38,325

Scenario 3: a 4-y Markov model

ITER 75,202 — 1.34 — —

DTAS 86,917 11,714 1.68 0.34 34,050

Abbreviations: DTAS = direct transfer to the angiography suite; ITER = initial transfer to the emergency room; ICER = incremental cost-effectiveness ratio; QALY
= quality-adjusted life year.

e1040 Neurology | Volume 101, Number 10 | September 5, 2023 Neurology.org/N
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Results
Base Case and Scenario Analyses
The DTAS strategy resulted in higher total costs ($16,089)
but also yielded 0.65 more QALYs compared with the ITER
strategy for each patient with suspected LVO. Therefore, the
DTAS strategy was cost-effective with an ICER of $24,925 per
QALY gained, that is, well below the decision threshold of
$59,135 and $94,616. In the scenario analyses, the DTAS
strategy remained a beneficial strategy also in a setting not
using NIHSS >10 (an ICER of $27,169 per QALY) and
without prehospital RACE (an ICER of $38,325 per QALY)
in all suspected stroke patients. Furthermore, when a 4-year
Markov model (scenario 3) was applied, the DTAS strategy
remained the cost-effective strategy compared with the ITER
strategy with an ICER of $34,050 per QALY (Table 2).

Sensitivity Analyses
One-way sensitivity analyses showed that the mortality rate in
the ITER group, the proportion of mRS 0–1 andmRS 4 in the
DTAS group, and the costs of EVT had a high effect on the
ICER (eFigure 1, links.lww.com/WNL/C984). Themortality
rate in the ITER group was the most influential variable on the
ICERs ranging from $18,407 to $27,958. Similarly, when the
proportion of mRS 0–1 in the DTAS group was adjusted from
a minimum value of 22.70% to a maximum value of 34.06%,
ICERs ranged from $30,567 to $21,322, respectively. The

ICERs in 1-way sensitivity analysis varied from $18,407 to
$30,567 but remained far below the threshold of $94,616
(eTable 7).

The scatter plots of probabilistic sensitivity analyses showed
that under the decision threshold of $94,616, DTAS in base
case, scenario 1, scenario 2, and scenario 3 had the corre-
sponding 97.0%, 95.7%, 91.3%, and 93.4% probabilities of
economic advantages,repectively (Figure 2). Figure 3 dem-
onstrates a probability of being cost-effective for DTAS and
ITER strategies based on different decision thresholds. In the
base case, when the threshold ranged from $59,135 to $94,616,
the DTAS strategy was cost-effective for 91.8%–97.0% of the
simulations, respectively (Figure 3A). Probabilistic sensitivity
analyses showed the robustness of cost-effectiveness of the
DTAS strategy in scenarios (Figure 3, B–D). Model validation
based on the AdViSHE tool is provided in the eAppendix 1
(links.lww.com/WNL/C984).

Discussion
Our results indicate that the DTAS strategy is cost-effective
over a period of 10 years compared with the ITER strategy,
with an ICER of $24,925, for patients with suspected LVO
with RACE >4 andNIHSS >10 within 6 hours of stroke onset.
Although the DTAS strategy was more costly than the ITER

Figure 2 Probabilistic Sensitivity Analysis: Cost-effectiveness Plane

(A) Base case. (B) Scenario 1. (C) Scenario 2. (D) Scenario 3. QALY = quality-adjusted life year.

Neurology.org/N Neurology | Volume 101, Number 10 | September 5, 2023 e1041
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strategy, the DTAS strategy yielded 0.65 more QALYs and
better functional outcomes at 90 days after stroke. Our find-
ings are in line with previously published studies showing that
earlier EVT treatment results in more disability-free life.4,5 A
recent study from Spain reported that the DTAS strategy was
dominant (lower costs and more QALYs) compared with the
ITER strategy,8 whereas the ICER of DTAS was $24,925 in
the Netherlands. Small differences in incremental QALYs
were reported in the previous study8 (0.82 QALYs in lifetime
horizon) compared with our findings (0.65 QALYs in 10
years). However, the DTAS strategy appeared to save
€51,505 per patient in Spain while DTAS would add costs
($16,089) in our study. Different long-term costs and the
model structure may explain these differences. For example,
the Spanish study included 7 health states (mRS 0, mRS 1,
mRS 2, mRS 3, mRS 4, mRS 5, and mRS 6) without taking
into account possible mRS improvement after 90 days. Our
model contained 5 health states (mRS 0–1, mRS 2–3, mRS 4,

mRS 5, and mRS 6) while allowing actually observed mRS
improvement.

Improvement of clinical outcomes in the DTAS group is most
likely explained by less time delays in the DTAS approach
(door-to-puncture time of 18 minutes in the DTAS group vs
42 minutes in the ITER group).6 Another potential explana-
tion for better outcomes observed in the DTAS group is a
higher rate of EVT in the DTAS group compared with the
ITER group in the ANGIOCAT trial (100% vs 87.7%). Re-
cently, the pooled results of 8 studies in a systematic review
also showed that the DTAS strategy reduced door-to-
puncture (29-minute reduction) and door-to-reperfusion
times (32-minute reduction) compared with the ITER strat-
egy. In addition, the DTAS strategy tended to be associated
with better functional outcomes at 90 days (odds ratio
[OR] 1.38, 95% CI 0.97–1.95) without any difference in 90-
day mortality between the 2 strategies (OR 0.74, 95% CI

Figure 3 Cost-effectiveness Acceptability Curves at Different Decision Thresholds

(A) Base case. (B) Scenario 1. (C) Scenario 2. (D) Scenario 3.

e1042 Neurology | Volume 101, Number 10 | September 5, 2023 Neurology.org/N
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0.48–1.15).30 Results of ongoing trials comparing the DTAS
and ITER strategies will provide more evidence on the effect
of DTAS on 90-day outcomes.31,32

One-way sensitivity analysis and probabilistic sensitivity
analysis support the robustness of our results. Cost-
effectiveness was sensitive to the mortality rate in the ITER,
the proportion of mRS 0–1, mRS4 in the DTAS, and the costs
of EVT. The DTAS strategy remained beneficial, with an
ICER still below the threshold of $94,616 when variables
increased or decreased by 20%. In addition, the DTAS strat-
egy was cost-effective in the scenario in which the DTAS
approach was applied to all suspected stroke patients with a
positive FAST test, reflecting current practice in large parts of
the Netherlands. However, introducing the DTAS strategy for
all suspected stroke patients will markedly increase the
workload for the angiography team and lead to the un-
necessary occupation of the angiography suite by non-LVO
patients, making it unfeasible for standard use in clinical
practice. Furthermore, the DTAS strategy increases the risk of
adverse events, such as groin hematoma. Therefore, the
DTAS strategy may be considered for patients with a high
likelihood of LVO that is identified through triage using ac-
ceptable accuracy prehospital stroke scales. That may make
the DTAS strategy more feasible in clinical practice. RACE is
one of the best performing prehospital stroke scales to detect
patients with LVO in the Netherlands.27,28 In addition, the
DTAS strategy should be implemented for patients with LVO
potentially having the most benefit from the DTAS strategy,
thus avoiding angiography suite overload. For example,
Requena et al.33 indicated that the DTAS approach had the
largest effect on patients with LVO admitted in the early time
window, from 0 to 3 hours after symptom onset. As such, the
DTAS approach is potentially introduced in the highly pa-
tients with suspected LVO (RACE >4 and NIHSS >10) in the
early window. In addition, broad EVT criteria (i.e., low RACE
score with LVO, late window) for applying the DTAS fall
beyond the scope of our current analysis.

Our model integrates the mRS score at 3 months and 1 year
after stroke onset to estimate long-term outcomes. The mRS
3-month poststroke is commonly measured as the end point
of randomized controlled trials and used as a proxy for
modeling long-term clinical and economic outcomes in pre-
vious cost-effectiveness studies.34,35 These studies assumed
that patients would not improve on the mRS beyond 90-day
poststroke. However, more recent studies suggest that
intermediate-term outcomes fluctuate over time, showing that
from 91 days up to 365 days, patients may improve, remain in
the same state, or even deteriorate.36,37 As such, the overall
effect of new strategies might be overestimated or under-
estimated. The incorporation of short-term outcomes (90
days after stroke) and middle-term outcomes (1 year after
stroke) in our model provides a more robust extrapolation of
long-term stroke consequences. This approach is supported
by evidence from the extension of follow-up patients in the
MR CLEAN trial.19

A systematic review on poststroke care reported that re-
habilitation services were the main cost driver of stroke bur-
den.38 Therefore, the cost-effectiveness results of DTAS in the
Netherlands suggest that DTAS is potentially cost-effective in
other settings with a high stroke burden. For example, the
poststroke care costs were highest in the United States
($4,644 per patient month), followed by Denmark ($3,026),
the Netherlands ($2,214), and Norway ($2,147).38 In addi-
tion, 10-minute earlier EVT provided better net monetary
benefit in the United States ($10,593)5 compared with the
Netherlands (€3,085).4 Other factors, such as the prevalence
of LVO and sensitivity of prehospital triage, may contribute
to the feasibility of introducing DTAS in clinical practice. The
presence of LVO in the stroke population seems similar in
the Netherlands (12%)27 and the United States (11%).39 The
AmericanHeart Association and American Stroke Association
recommends stroke scales to predict LVO, such as Cincinnati
Prehospital Stroke Scale, Los Angeles Motor Scale, RACE,
and Facial palsy, Arm weakness, Speech changes, Time, Eye
deviation, Denial/neglect scale. Given the comparable per-
formance of these (0.57–0.67), each emergency medical ser-
vice region should choose an easy-to-use tool and monitor
adherence and accuracy of the prehospital scale.40 In addition,
our model with published input parameters may be used in
other settings to assess the cost-effectiveness of the DTAS
strategy at different decision thresholds (i.e., $100,000 per
QALY in the United States,41 €22,000–€33,000 per QALY in
Denmark42). Future work should confirm the economic
benefit of the DTAS strategy in other settings.

This study has some limitations. First, we used mRS at 3
months from the ANGIOCAT trial in Spain because of the
lack of data from the Netherlands. Recently, the systematic
review of 2 RCTs and 5 observational studies showed that the
DTAS strategy was associated with faster onset to treatment
times and improved functional outcomes.12 We used data
from 1 single-center RCT (ANGIOCAT) instead of pooled
data because of the heterogeneity of outcome measures and
included patients. Second, our model did not consider adverse
events in the DTAS group for non-LVO patients because
ANGIOCAT results reported no procedural complication in
the DTAS group.6 This, again, emphasizes that the DTAS
strategy should focus on highly suspected LVO instead of all
stroke patients to avoid unnecessary invasive angiographic
examination. Notably, flat-panel CT angiography could po-
tentially avoid unnecessary invasive angiography. Third, be-
cause of the lack of cost parameters, we could not estimate an
ICER of introducing the DTAS strategy with prehospital
RACE assessment compared with the current practice in the
Netherlands, such as the ITER without prehospital RACE.
Calculation of costs associated with implementing the RACE
scale is complex because the RACE score could also influence
patient routing decisions. For example, patients with a high
likelihood of having an LVO (RACE >4) could be transported
directly to a comprehensive stroke center to avoid the transfer
of patients to hospitals without EVT capabilities.43 Hence,
costs related to the implementation of the RACE scale should
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be considered as shared costs among different strategies in
acute stroke management. In addition, we did not analyze
the cost-effectiveness of the DTAS strategy during daytime
and nighttime, indicating around-the-clock DTAS avail-
ability. However, the ANGIOCAT trial excluded 70 patients
because of an unavailable angiography suite and 120 off-
hours admission patients because the neurovascular team
could not be onsite before patient arrival.6 Therefore, only a
small number of selected patients could benefit because of
the capacity of the angiography suite and personnel. When
evidence from the ongoing trials becomes available, the ef-
fect of the DTAS strategy during off-hours should be taken
into account in economic evaluations. Finally, this study was
conducted using the Dutch health care perspective, and only
direct medical costs were included in the model. Therefore,
the burden of stroke may have been underestimated.
However, the average age of patients with suspected LVO
was 74 years in our study, and costs related to return to work
do not apply in our cohort. Future studies on a younger
population may include indirect costs such as productivity
loss.

Personnel factors should be considered to maximize the effect
of DTAS in clinical practice. The hospital should take into
account the capacity of the angiography team to prevent de-
lays for other patients because of occupied interventionalists
for non-LVO patients in the DTAS strategy. Furthermore, the
angiography teammust be well-trained before introducing the
DTAS strategy. Sulzenko et al.44 reported that the lack of
trained personnel during off-hours resulted in a small number
of patients who could be treated according to the DTAS
strategy. The benefit of time-saving in the DTAS strategy will
be lost if there is not enough medical staff in the angiography
team or not well-trained staff.

This study demonstrates that the DTAS strategy may be a
cost-effective approach in patients with suspected LVO
(RACE >4 and NIHSS >10) when compared with the ITER
strategy from the Dutch health care perspective. With faster
treatment, improved functional outcomes, and favorable
economic evaluation, the DTAS, combined with prehospital
triage for LVO, should be considered a potential strategy to
optimize the acute stroke care pathway.
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6. Requena M, Olivé-Gadea M, Muchada M, et al. Direct to angiography suite without
stopping for computed tomography imaging for patients with acute stroke: a randomized
clinical trial. JAMA Neurol. 2021;78(9):1099-1107. doi:10.1001/jamaneurol.2021.2385

7. Mendez B, Requena M, Aires A, et al. Direct transfer to angio-suite to reduce
workflow times and increase favorable clinical outcome. Stroke. 2018;49(11):
2723-2727. doi:10.1161/strokeaha.118.021989

8. RequenaM, Seguel-Ravest V, Vilaseca-Jolonch A, et al. Evaluating the cost-utility of
a direct transfer to angiosuite protocol within 6 h of symptom onset in suspected
large vessel occlusion patients. J Med Econ. 2022;25(1):1076-1084. doi:10.1080/
13696998.2022.2113221

9. Statistics Netherlands (CBS). Health expectancy; since 1981 [online]. Accessed April 15,
2022. opendata.cbs.nl/statline/#/CBS/en/dataset/71950eng/table?ts=1650378062896.

10. Logallo N, Novotny V, Assmus J, et al. Tenecteplase versus alteplase for management
of acute ischaemic stroke (NOR-TEST): a phase 3, randomised, open-label, blinded
endpoint trial. Lancet Neurol. 2017;16(10):781-788. doi:10.1016/s1474-4422(17)
30253-3

11. Rangaraju S, Haussen D, Nogueira RG, Nahab F, Frankel M. Comparison of 3-month
stroke disability and quality of life across modified Rankin scale categories. Interv
Neurol. 2017;6(1-2):36-41. doi:10.1159/000452634

12. Mohammaden MH, Doheim MF, Elfil M, et al. Direct to angiosuite versus conven-
tional imaging in suspected large vessel occlusion: a systemic review and meta-anal-
ysis. Stroke. 2022;53(8):2478-2487. doi:10.1161/strokeaha.121.038221

13. Pfaff JAR, Schönenberger S, Herweh C, et al. Direct transfer to angio-suite versus
computed tomography-transit in patients receiving mechanical thrombectomy: a
randomized trial. Stroke. 2020;51(9):2630-2638. doi:10.1161/strokeaha.120.029905

14. Psychogios MN, Maier IL, Tsogkas I, et al. One-stop management of 230 consecutive
acute stroke patients: report of procedural times and clinical outcome. J Clin Med.
2019;8(12):2185. doi:10.3390/jcm8122185

15. Sarraj A, Goyal N, Chen M, et al. Direct to angiography vs repeated imaging ap-
proaches in transferred patients undergoing endovascular thrombectomy. JAMA
Neurol. 2021;78(8):916-926. doi:10.1001/jamaneurol.2021.1707

16. Bouslama M, Haussen DC, Grossberg JA, et al. Flat-panel detector CT assessment in
stroke to reduce times to intra-arterial treatment: a study of multiphase computed
tomography angiography in the angiography suite to bypass conventional imaging. Int
J Stroke. 2021;16(1):63-72. doi:10.1177/1747493019895655

17. Jadhav AP, Kenmuir CL, Aghaebrahim A, et al. Interfacility transfer directly to the
neuroangiography suite in acute ischemic stroke patients undergoing thrombectomy.
Stroke. 2017;48(7):1884-1889. doi:10.1161/strokeaha.117.016946

18. Mendez AA, Farooqui M, Dajles A, et al. Direct transfer to angiosuite triage strategy
for patients undergoing mechanical thrombectomy in a rural setting. Stroke Vasc Interv
Neurol. 2021;1:e000124. doi:10.1161/svin.121.000124

19. van den Berg LA, Dijkgraaf MG, Berkhemer OA, et al. Two-year outcome after
endovascular treatment for acute ischemic stroke. N Engl J Med. 2017;376(14):
1341-1349. doi:10.1056/nejmoa1612136

20. Statistics Netherlands (CBS). Life expectancy; gender, age (per year and period of five
years) [online]. AccessedMay 15, 2022. opendata.cbs.nl/statline/#/CBS/nl/dataset/
37360ned/table?fromstatweb.

21. Statistics Netherlands (CBS). Consumer prices; European harmonised price index
2015=100 (HICP) [online]. Accessed April 15, 2022. cbs.nl/en-gb/figures/detail/
83133ENG?q=consumer%20price%20index%20rate%20health.

22. European Central Bank. Euro foreign exchange reference rates for 2021 [online].
Accessed July 8, 2022. ecb.europa.eu/stats/policy_and_exchange_rates/euro_refer-
ence_exchange_rates/html/eurofxref-graph-usd.en.html.

23. Institute for Medical Technology Assessment (iMTA). iDBC: iMTA Disease Burden
Calculator [online]. Accessed June 1, 2022. imta.shinyapps.io/iDBC/.

24. World Health Organization, Baltussen RMPM, Adam T, et al. Making Choices in
Health: WHOGuide to Cost-Effectiveness Analysis/edited by T. Tan-Torres Edejer. [et al].
World Health Organization; 2003.

25. National Health Care Institute. Guideline for Economic Evaluations in Healthcare.
National Health Care Institute; 2016.

26. Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) 2022 explanation and elaboration: a
report of the ISPOR CHEERS II Good Practices Task Force. Value Health. 2022;
25(1):10-31. doi:10.1016/j.jval.2021.10.008

27. Duvekot MHC, Venema E, Rozeman AD, et al. Comparison of eight prehospital
stroke scales to detect intracranial large-vessel occlusion in suspected stroke
(PRESTO): a prospective observational study. Lancet Neurol. 2021;20(3):213-221.
doi:10.1016/s1474-4422(20)30439-7

28. Nguyen TTM, van den Wijngaard IR, Bosch J, et al. Comparison of prehospital scales
for predicting large anterior vessel occlusion in the ambulance setting. JAMA Neurol.
2021;78(2):157-164. doi:10.1001/jamaneurol.2020.4418

29. Vemer P, Corro Ramos I, van Voorn GA, Al MJ, Feenstra TL. AdViSHE: a validation-
assessment tool of health-economic models for decision makers and model users.
Pharmacoeconomics. 2016;34(4):349-361. doi:10.1007/s40273-015-0327-2

30. Brehm A, Tsogkas I, Ospel JM, et al. Direct to angiography suite approaches for the
triage of suspected acute stroke patients: a systematic review and meta-analysis. Ther
Adv Neurol Disord 2022;15:175628642210781. doi:10.1177/17562864221078177

31. Riou-Comte N, Zhu F, Cherifi A, et al. Direct transfer to angiosuite for patients with
severe acute stroke treated with thrombectomy: the multicentre randomised con-
trolled DIRECT ANGIO trial protocol. BMJ Open. 2021;11(3):e040522. doi:
10.1136/bmjopen-2020-040522

32. WE-TRUST (Workflow Optimization to Reduce Time to Endovascular Reperfusion
for Ultra-fast Stroke Treatment) ClinicalTrials.gov Identifier: NCT04701684
[online]. Accessed May 12, 2022. clinicaltrials.gov/ct2/show/NCT04701684.
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