Ischemic stroke

®

OPEN ACCESS

» Additional supplemental
material is published online
only. To view, please visit
the journal online (http://dx.
doi.org/10.1136/jnis-2023-
020275).

"Department of Neurology, Vall
d'Hebron University Hospital,
Stroke Unit, Barcelona, Spain
“Medicina, Universitat
Autonoma de Barcelona,
Barcelona, Spain

3Chief Medical Office, Philips,
Amsterdam, The Netherlands
*Image Guided Therapy,
Philips Healthcare, Best, The
Netherlands

Correspondence to

Dr Marc Ribo, Stroke Unit.
Neurology, Hospital Vall
d'Hebron, Barcelona 08870,
Spain; marcriboj@hotmail.com

Received 6 March 2023
Accepted 12 April 2023

| '.) Check for updates

Original research

Cost-utility of direct transfer to angiography suite
(DTAS) bypassing conventional imaging for patients
with acute ischemic stroke in Spain: results from the

ANGIOCAT trial

Manuel Requena
Tom Kokhuis

ABSTRACT

Background The ANGIOCAT trial showed a clinical
benefit of direct to angiography suite (DTAS) for patients
with large vessel occlusion (LVO) stroke admitted within
6 hours after symptom onset in decreased hospital
workflow time and improved clinical outcome. However,
the impact of DTAS implementation on hospital costs

is unknown. This economic evaluation aims to assess
the cost-utility of DTAS from the provider (hospital)
perspective.

Methods A cost-utility analysis was applied to
compare DTAS with the standard direct to CT (DTCT)
suite approach using direct cost and health outcomes
data. The time horizon was 90 days. One-way sensitivity
analysis as well as probabilistic sensitivity analysis was
performed, varying the model parameters by £25%.
Measures included costs, quality-adjusted life years, and
incremental cost-effectiveness ratios. Health outcomes,
classified according to the modified Rankin Scale, were
obtained from the ANGIOCAT trial. Respective utilities
were obtained from the literature.

Results DTAS is the dominant strategy. The incremental
cost-effectiveness ratio is —€89 110 (—$97 600) with
cost saving per patient of —€2848 (-=$3120). The
improved clinical outcome is directly related with a
decrease in costs for the hospital, mainly due to the
decrease in costs of hospital stay, improved clinical
outcome and fewer complications.

Conclusions For patients with LVO admitted within

6 hours after symptom onset, the DTAS not only improves
clinical outcome but also decreases the costs (dominant
option) compared with the standard DTCT. Multicentric
international randomized clinical trials are ongoing to
determine the replicability of our findings.
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INTRODUCTION

In 2019, stroke was the second leading cause of
death (accountable for 11.6% of total deaths glob-
ally) and the third leading cause of combined death
and disability." In Spain, there were 101845 inci-
dent cases and 29 646 death counts related to stroke
in 2016.> The economic burden of stroke is substan-
tial, especially when taking into account produc-
tivity costs (eg, mortality losses, morbidity losses,
social care, etc) in addition to the direct health-
care costs of the acute and chronic treatments.’ In
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The direct to angiography suite (DTAS)
approach for patients with large vessel
occlusion (LVO) stroke has been found to
be an effective and safe tool to reduce in-
hospital delays and potentially improve clinical
outcomes. With the growing implementation
of DTAS in stroke centers around the world,
the health economic impact of this strategy
has become an important topic and was
investigated in this study.

WHAT THIS STUDY ADDS

= This study shows that DTAS is a dominant
protocol compared with the direct to CT (DTCT)
suite protocol for the treatment of patients with
a suspected LVO stroke on admission.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Implementation of DTAS not only improves
clinical outcome but also decreases the costs of
hospital care for the treatment of patients with
an LVO admitted within 6 hours after symptom
onset.

2017, the stroke-related healthcare costs in Spain
were estimated to be €1.7 billion, accounting for
1.68% of the total healthcare expenditure with
inpatient hospital care being the main contributor
(€569 million, 34%).> The total costs of stroke for
society in Spain in 2017, including productivity
losses, was estimated at €3.6 billion, accounting for
0.3% of gross domestic product.’

Although mechanical thrombectomy candidates
are a minority of all stroke patients, the develop-
ment of this therapy became a paradigm shift after
the results of five pivotal trials in 2015.

Timely reperfusion is the fundamental prin-
ciple underlying successful reperfusion therapy for
stroke,* and time from symptom onset to reper-
fusion (OTR) is the main modifiable predictor of
functional outcome.’

Therefore, establishing quick and efficient
imaging and workflow protocols that can save time
while allowing appropriate selection of patients for
therapy is paramount. Similarly, to the percutaneous
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Ischemic stroke

coronary intervention protocols in acute myocardial infarc-
tion, several case—control studies have shown that transporting
stroke patients directly to the angiosuite is safe, feasible and
results in a significant reduction in median door to treatment
times down to 16 min and potentially higher chances of good
outcomes.* ° Several meta-analyses'® ' and one randomized
clinical trial (ANGIOCAT trial) have recently confirmed these
data.'?

Direct to angiography suite (DTAS) protocols require the
immediate availability of the angiography suite and stroke
team, and although clinical data must be confirmed in multi-
center ongoing trials, DTAS is the most effective time-shortening
strategy published so far. The growing implementation of DTAS
in many stroke centers around the world and the potential cost
of this strategy has become an important topic.

Our aim is to explore the cost-effectiveness of DTAS compared
with the usual in-hospital stroke pathway based on data from the
ANGIOCAT trial.

METHODS

Study design

The ANGIOCAT trial was a prospective, open, randomized
clinical trial (NCT04001738) with blinded assessment of the
primary end point by an independent investigator. A total of 174
patients were randomly assigned to follow either the DTAS (89
patients) or the conventional workflow (85 patients) to assess
the indication of endovascular thrombectomy (EVT), and the
primary outcome favored the DTAS workflow by a decrease in
disability across the range of the modified Rankin Scale (mRS)
(adjusted common OR 2.2, 95%CI 1.2 to 4.1, P=0.009)."

For this analysis, costs of hospital care were based on costing
of input consumed during treatment (‘microcosting’) in the Vall
d’Hebron hospital in 2018. The following hospital care costs
were collected (before and after discharge): (1) hospital stay; (2)
laboratory; (3) mechanical thrombectomy procedure; (4) intra-
venous tissue plasminogen activator (IV-tPA) for intravenous
thrombolysis; (5) other.

Description of modeling approach

The purpose of this analysis was to compare the expected incre-
mental cost and outcomes for ischemic stroke patients who take
the DTAS route using cone-beam CT (CBCT) versus ischemic
stroke patients who follow the traditional conventional imaging
approach. To achieve this, a decision tree was constructed
(figure 1) and a cost-utility analysis was carried out. A cost-utility
analysis is a type of economic evaluation to compare costs and
outcomes of alternative interventions. Outcomes are measured
as quality-adjusted life years (QALYs) which consider the quality
of life (health utilities) and quantity of life (life years).

The incremental costs and incremental outcomes (QALYs)
are then combined into a single metric, namely the incremental
cost per QALY gained (or incremental cost-effectiveness ratio).
Using QALYs as a standardized measure of effectiveness allows
comparison across disease areas which is particularly useful in
decision-making.

In order to add rigor to the analysis, a probabilistic sensi-
tivity analysis (PSA) is conducted to quantify the level of confi-
dence in the result of the evaluation, in relation to uncertainty
in the model inputs. The PSA therefore addresses uncertainties
associated with input values of an economic model which is
constructed based on input from other studies. Details about the
input parameters and sensitivity analysis of the evaluation are
provided below.

Non-EVT eligible
(e.g. ICH stroke)

Figure 1  Decision tree that was used to model cost-utility of DTAS
(top branch) versus the conventional workflow (bottom branch). CBCT,
cone-beam CT; DTAS, direct to angiography suite; EVT, endovascular
thrombectomy; ICH, intracerebral hemorrhage; mRS, modified Rankin
Scale.

The analysis was carried out from the Spanish healthcare
provider perspective. QALYs based on the mRS were used as
a measure of effectiveness. The time horizon was 90 days. This
study was conducted according to the'®  reporting guidelines'?
(see online supplemental table 1).

Unit costs and resource utilization

As the analysis was conducted from a provider perspective, costs
relative to each mRS were included and estimated by taking an
average from direct hospital costs calculated in Euros (€). The
following hospital care cost were collected (before and after
discharge): (1) hospital stay; (2) laboratory; (3) procedure; (4)
IV-tPA for intravenous thrombolysis; (5) other (consumables,
rehabilitation and personnel costs). A summary of the unit costs
related to the mRS scores (excluding costs relating to CBCT and
dedicated angiosuite setup) is presented in online supplemental
figure 1.

The cost of CBCT was based on the acquisition cost of the
machine and room (angiosuite) setup to have a room idle to
receive emergency stroke patients without delay. A discounted
annual equivalent cost was calculated by taking into consider-
ation the lifespan of the machine (10 years), discount rate (3.5%)
and procedural volume per year (200 cases). The annual acqui-
sition cost per case was calculated to be €1202 equating to €301
for 90 days.

The cost was considered as incremental to CT imaging for
conservative purposes. For the analysis, it was assumed a dedi-
cated room was needed.

Health state utility values and calculation of QALYs

Clinical outcomes were measured as QALYs based on an average
of utility data derived from three literature studies.'*'® This is
a standardized measure that takes into account the quality and
quantity of life lived—a year in perfect health would equate to
1 QALY. The quality aspect of the QALY was based on the mRS.
The mRS scores ranged from 0 to 6 (0 being the best and 6
the worst (death)). Costs and outcomes were considered over
90 days.
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Table 1 Model inputs used in probabilistic sensitivity analysis

Model variable Distribution

Value and confidence intervals

% of patients that have thrombectomy  Beta

Utility values: mRS 0-6 Beta

DTAS: 83% (62% to 100%)
DTCT: 86% (64% to 100%)

mRS 0 (functional independence): 0.93 (0.7 to 1). mRS 1 (functional independence): 0.88 (0.66 to 1). mRS 2

(functional independence): 0.78 (0.59 to 0.98). mRS 3 (disabled): 0.58 (0.44 to 0.73). mRS 4 (disabled): 0.37 (0.28
to 0.46). mRS 5 (disabled): 0.09 (0.07 to 0.11). mRS 6 (death): 0

Patient distributions according to utilities Beta
—DTAS

mRS 0 (functional independence): 8% (6% to 10%). mRS 1 (functional independence): 20% (15% to 25%). mRS
2 (functional independence): 15% (11% to 19%). mRS 3 (disabled): 15% (11% to 19%). mRS 4 (disabled): 14%

(10% to 17%). mRS 5 (disabled): 7% (5% to 8%). mRS 6 (death): 22% (16% to 27%)

Patient distributions according to utilities Beta
-DTCT

mRS 0 (functional independence): 1% (1% to 2%). mRS 1 (functional independence): 11% (8% to 14%). mRS 2
(functional independence): 15% (11% to 19%). mRS 3 (disabled): 19% (14% to 24%). mRS 4 (disabled): 10% (7%

10 12%). mRS 5 (disabled): 10% (7% to 12%). mRS 6 (death): 34% (26% to 43%)

CBCT and angiosuite cost Gamma
CT cost Gamma 0
Costs related to mRS — DTAS Gamma

€2 000 000 (€1 500 000 to €2 500 000)

mRS 0 (functional independence): €11 536 (€8652 to €14,420). mRS 1 (functional independence): €16 286 (€12

214 to €20 357). mRS 2 (functional independence): €12 665 (€9 499 to €15 831). mRS 3 (disabled): €13 784 (€10
338 to €17 230). mRS 4 (disabled): €26 315 (€19 736 to €32 894). mRS 5 (disabled): €26 295 (€19 721 to €32
869). mRS 6 (death): €17 250 (€12 937 to €21 562)

Costs related to mRS — DTCT

mRS 0 (functional independence): €13 669 (€10 252 to €17 086). mRS 1 (functional independence): €15 951 (€11

963 to €19 938). mRS 2 (functional independence): €19 494 (€14 620 to €24 367). mRS 3 (disabled): €19 074 (€14
306 to €23 843). mRS 4 (disabled): €26 266 (€19 699 to €32 832). mRS 5 (disabled): €31 530 (€23 647 to €39
412). mRS 6 (death): €18 189 (€13 642 to €22 736)

€1-$1.10.

CBCT, cone-beam CT; DTAS, direct to angiography suite; DTCT, direct to CT; mRS, modified Rankin Scale.

Sensitivity analysis

In order to account for any uncertainty in the model, a one-
way sensitivity analysis was conducted in the form of a tornado
diagram. Model parameters were varied by =25% so the impact
of each parameter on the incremental cost could be seen.

As the DTAS requires capital expenditure with a dedicated
angiosuite, the cost per case is dependent on procedural volume.
As such, a break-even analysis was carried out to determine the
minimum number of procedures required for the net cost impact
to be zero.

A PSA was also undertaken to further assess the uncertainty
and subsequently add more rigor to the analysis. The PSA was
run in the form of a Monte Carlo simulation whereby the model
was run a large number of times. The model variable type and
subsequent distribution determined the inputs for the PSA
(table 1). As confidence intervals for the variables were not avail-
able, a 25% variance was used. Using outputs from the simula-
tions, the net monetary benefit was calculated to determine the
probability of cost-effectiveness and different willingness to pay
thresholds. In line with the National Institute for Health and
Clinical Excellence (NICE) guidance, a €22 000 threshold was
used.'”” ' The PSA simulation outputs also provided the ability
to generate a cost-effectiveness plane to show which quadrant(s)
the outputs fell into.

A cost-effectiveness acceptability curve was subsequently
created using calculated net monetary benefit values from
each iteration. This was done to determine the probability of
CBCT DTAS being cost-effective at a range of willingness to pay
thresholds.

RESULTS

Deterministic analysis

The deterministic analysis showed that the DTAS pathway using
CBCT is both cost saving (€2848) and provides better patient
outcomes (additional 0.032 QALYs) when compared with the
traditional pathway of stopping for conventional imaging. This

means DTAS with CBCT is dominant over the conventional
pathway. The incremental cost-effectiveness ratio was calculated
to be —€89 110.

One-way sensitivity analysis
Results for the one-way sensitivity analysis in the form of a
Tornado diagram are presented in figure 2. As the deterministic
analysis identified the intervention to be dominant, only the
incremental cost (instead of the incremental cost effectiveness
ratio which is a summary of the cost-effectiveness of a health-
care intervention) was used as the central measure of variability.
The bars in the diagram show the extent of the cost-effectiveness
impact when a £25% variation is applied to each of the vari-
ables. Those that had the largest impact are portrayed on the
top; the cost attributed to patients in the direct to CT (DTCT)
arm who died (mRS 6) had the biggest impact. When the value
of this variable was decreased by 25%, it still resulted in a cost
saving of €1290.

To examine the impact of mRS 6 in the DTCT arm further,
a one-way sensitivity analysis was undertaken in the form of
varying the cost of mRS 6 in different increments to see the
resulting impact on the cost saving. Online supplemental table 2
shows the results of this analysis.

Break-even analysis

The annual volume of procedures whereby the net impact on
cost was zero was calculated to be 76 procedures (the minimum
amount of procedures required annually for the pathway to be
considered as cost saving). When the number of procedures is
increased, the cost-effectiveness is improved and therefore high-
volume providers would benefit from the CBCT DTAS pathway
the most.

Probabilistic sensitivity analysis
A Monte Carlo simulation of 5000 iterations was undertaken
for the PSA and showed dominance of the CBCT DTAS pathway

Requena M, et al. J Neurolntervent Surg 2023;0:1-6. doi:10.1136/jnis-2023-020275
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Tornado Diagram

DTCT mRS 6 average cost |
DTCT mRS 6 patient distribution |
DTAS mRS 6 average cost .|
DTAS mRS 6 patient distribution [
DTCT mRS 3 average cost I
DTCT mRS 3 patient distribution |
DTAS mRS 4 average cost |
DTAS mRS 4 patient distribution [ T
DTAS mRS 1 average cost I
DTAS mRS 1 patient distribution I
DTCT mRS 5 average cost |
DTCT mRS 5 patient distribution I
DTCT mRS 2 average cost I
DTCT mRS 2 patient distribution .|
DTCT mRS 4 average cost I
DTCT mRS 4 patient distribution I
DTAS mRS 3 average cost |
DTAS mRS 3 patient distribution |
DTAS mRS 2 average cost |
DTAS mRS 2 patient distribution I
DTAS mRS 5 average cost | ]
DTAS mRS § patient distribution ]
DTCT mRS 1 average cost |
DTCT mRS 1 patient distribution ]
DTAS mRS 0 average cost I
DTAS mRS 0 patient distribution I
CBCT + Angio Suite cost |
DTCT mRS 0 average cost m
DTCT mRS 0 patient distribution m
Number of DTAS patients annually

-4,500 € -4,000 € -3500 € -3,000 € 2,500 € 2,000 € -1,500 €

Incremental cost (€)

Figure 2 Results for the one-way sensitivity analysis in the form of
a Tornado diagram. CBCT, cone-beam CT; DTAS, direct to angiography
suite; DTCT, direct to CT; mRS, modified Rankin Scale. €1~$1.10.

over the current standard of DTCT. The average cost saving was
calculated to be €1983 and an additional 0.032 QALYs gained
per patient.

Plots of the 5000 iterations of paired incremental costs and
QALYs are shown in figure 3. Most of the plots fall into the
south-east quadrant (cost saving and more effective), further
signifying the dominance of the CBCT DTAS pathway and
reducing the uncertainty around the resulting conclusion.

Iterations from the simulation were also used to f+orm a cost-
effectiveness acceptability curve (CEAC) which determines the
probability CBCT DTAS is cost-effective relative to DCTC at a
range of willingness to pay thresholds (how much one is willing
to pay for an additional QALY gain).

Cost-effectiveness plane
20,000 €
15,000 €
10000€

5000 €

et A

Incrergental costs

o
s

-

o

A
s
3

-10,000 € * -
15,000 €
20,000 €
Incremental QALYs

Figure 3  Plot of the 5000 iterations of paired incremental costs and
quality-adjusted life years (QALYs). €1~$1.10.

A €22 000 threshold was adopted. The proportion of simula-
tions that portrayed CBCT DTAS as being cost-effective (below
€22 000 threshold) was 91.4%. Online supplemental figure
2 shows the probability of CBCT DTAS being cost-effective
at different thresholds. Unsurprisingly, as the threshold limit
increases, the probability of CBCT DTAS being cost-effective
increases.

DISCUSSION

Following the recent evolution of acute stroke management,
DTAS has been discovered as an effective and safe tool to reduce
in-hospital delays and probably improve clinical outcomes
after the publication of several clinical experiences and the
ANGIOCAT trial. The cost associated with those medical
advances is one of the most important issues to argue against
its application. Our study shows that DTAS is a cost-effective
protocol even taking into account the cost of investing in a new
angiosuite dedicated to acute stroke attention.

There are two main reasons for cost reduction associated with
DTAS: improving functional outcome and minimizing imaging
protocol in patients with a suspected large vessel occlusion
(LVO) acute stroke.

In the ANGIOCAT trial, functional outcome improvement
was driven by reducing in-hospital delays and increasing the
rate of patients who undergo endovascular treatment. Time
from admission to reperfusion has been repeatedly associated
with functional outcome and the effect of DTAS reducing this is
beyond doubt the reason after the consistent evidence published
in the last few years. In the ANGIOCAT trial, although the
DTCT group presented a remarkably low median door to punc-
ture time of 42min, the same interval was only 18 min when
the DTAS was followed, similar than previously published in
pilot and collaborative studies.” * ' """ On the other hand,
the ANGIOCAT trial is the first study which compared proto-
cols in patients with a confirmed LVO whether or not they
received mechanical thrombectomy, and showed that DTAS was
associated with an increased rate of EVT (100% of DTAS vs
89% of DTCT patients). The benefits of the DTAS workflow
observed in the ANGIOCAT trial in terms of reduction of long-
term disability have been previously published.'* Moreover, the
present study confirms an improvement in patient quality of
life, showing that 0.032 QALYs were gained for each additional
patient that underwent DTAS instead of DTCT.

Length of stay and healthcare costs after initial treatment for
acute stroke are associated with 90-day mRS.?® Similar to other
cost-effectiveness studies related to acute stroke management,
the reduction in disability presented the highest impact in terms
of costs in our study as shown in the Tornado diagram. Since the
distribution of disability is shifted towards lower scores in DTAS
patients the total costs are lower. However, we also observed
that for each disability score as determined by the mRS scale,
the cost for DTAS patients was lower than for DTCT patients
(online supplemental figure 1). A possible explanation would
be a faster recovery and achievement of final mRS score among
DTAS patients, and therefore healthcare costs during the 90 days
after stroke. This hypothesis is supported by previous studies in
which DTAS was associated with a higher rate of early dramatic
clinical recovery.*!

In order to efficiently and consistently adopt a DTAS protocol,
institutions should be able to provide immediate availability of
the angiosuite and the team without interfering with the daily
activity scheduled in the angiosuite. To ensure the clinical bene-
fits of DTAS to a majority of patients admitted with a suspected
acute stroke due to LVO, implementation of new angiosuites
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primarily dedicated to triage and treatment of these patients has
been proposed.’

The return of the initial investment depends on the number
of patients who will benefit from the new workflow. In this
study, break-even was achieved with an annual number of 76
patients undergoing the DTAS protocol—taking into consid-
eration the 10-year lifespan of the angiosuite. At present most
large comprehensive stroke centers perform over 200 throm-
bectomies per year, meaning that even if DTAS could only be
applied to a proportion of all treated patients the investment can
be recouped.

A recent study showed that DTAS is cost-effective from
a healthcare system perspective by including a lifetime time
horizon, mainly due to long-term costs related to disability.** In
this study we focused on hospital-related costs during the acute
and sub-acute phase until 90 days post-procedure, with the aim
to provide a contextualized assessment relevant for the hospital
setting. Health technology assessments from the hospital
perspective can be a valuable tool in the hospital’s decision-
making process of optimal resource allocation for health tech-
nology investments. In addition, by using hospital-specific
clinical and cost data, a tailored hospital budget impact analysis
can be generated. Although the major cost savings following
DTAS implementation can be expected from long-term cost
savings related to patient disability,?* this study shows that DTAS
decreases acute hospital costs and is already cost-effective when
considering a relatively short time horizon of 90 days.

Our model may be considered as a conservative approach
since we included the necessary investment for a newly dedi-
cated angiosuite. Most previously published studies were devel-
oped in the absence of such a dedicated angiosuite, a scenario
that might also be possible. However, if the benefit of DTAS will
definitively be confirmed in ongoing multicentric randomized
trials,” ** the number of potential candidate patients in which
DTAS cannot be performed must be reduced to the lowest to
guarantee equity in the access to best clinical practices.

Our study has been performed in a single center of the
Spanish public healthcare system with longstanding experi-
ence in performing DTAS at the beginning of the trial (>200
DTAS patients since 2016). The study was performed with a
robust EMS pre-hospital assessment with clinical severity tools,
round-the clock 365 days a year on-site stroke neurology, and a
single payor healthcare system. Although some of these elements
may not be determinant, all may influence the reproducibility
of these results which should be evaluated in the setting of
other multicenter studies including different healthcare systems.
Nevertheless, our study includes data from real-world patients
and outcomes from a randomized clinical trial resulting in high
quality scientific evidence.

CONCLUSION

For patients with LVO admitted within 6 hours after symptom
onset, the DTAS workflow not only improves clinical outcome, >
but also decreases the costs (dominant option) compared with
the standard DTCT suite. Multicentric international randomized
clinical trials are ongoing to determine the replicability of our
findings.
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