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ABSTRACT
Objective  The mechanical thrombectomy (MT) benefit is 
related to the degree of reperfusion achieved. First pass 
effect (FPE) is defined as complete/near revascularisation 
of the large-vessel occlusion (modified Thrombolysis in 
Cerebral Infarction (mTICI) 2c-3) after a single device pass. 
This study assessed the health benefit and economic 
impact of achieving FPE for acute ischaemic stroke (AIS) 
patients from the Spanish National Health System (NHS) 
perspective.
Design  A lifetime Markov model was used to estimate 
incremental costs and health outcomes (measured in 
quality-adjusted life-years (QALYs)) of patients that 
achieve FPE. A subanalysis of the Systematic Evaluation 
of Patients Treated With Neurothrombectomy Devices for 
Acute Ischaemic Stroke (STRATIS) registry was performed 
to obtain clinical outcomes. The base case included all 
patients that achieved at least a final mTICI ≥2 b, while 
the alternative scenario included all patients regardless of 
their final mTICI (0–3). Treatment costs were updated to 
reflect current practice based on expert panel consensus, 
while other acute and long-term costs were obtained from 
a previous cost-effectiveness analysis of MT performed in 
Spain. Sensitivity analyses were performed to assess the 
model’s robustness.
Setting  Spanish healthcare perspective.
Participants  AIS patients in Spain.
Interventions  FPE following MT.
Outcome measures  The model estimated QALYs, lifetime 
costs and net monetary benefit for the FPE and non-FPE 
group, depending on the inclusion of reperfusion groups 
and formal care costs.
Results  STRATIS subanalysis estimated significantly 
better clinical outcomes at 90 days for the FPE group 
in all scenarios. In the base case, the model estimated 
lifetime cost saving per patient of €16 583 and an 
incremental QALY gain of 1.2 years of perfect health 
for the FPE group. Cost savings and QALY gains were 
greater in the alternative scenario (-€44 289; 1.75). In 
all scenarios, cost savings were driven by the long-term 
cost reduction.

Conclusion  Achieving FPE after MT can lead to better 
health outcomes per AIS patient and important cost 
savings for the Spanish NHS.

INTRODUCTION
The annual number of strokes in the Euro-
pean Union is forecasted to increase by 34% 
in 2035, mainly due to its ageing population. 
With improving survival rates after stroke, 
almost 1 million more people will be living 
with a stroke as a chronic condition, rising 
from 3.7 million in 2015 to 4.6 million in 
2035.1 It is estimated that the incidence and 
prevalence of strokes will increase by 35% and 
31%, respectively, in Spain by 2035,2 which 
will inevitably raise the associated economic 
burden.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ A Markov model estimated the lifetime health and 
cost implications of achieving first pass effect (FPE) 
in acute ischaemic stroke patients treated with me-
chanical thrombectomy in Spain from the National 
Health System perspective.

	⇒ The model allows to quantify the benefits of aiming 
mechanical thrombectomy techniques that may in-
crease the FPE success rates.

	⇒ A limitation of this study is that clinical effica-
cy and patient characteristics were based on the 
Systematic Evaluation of Patients Treated With 
Neurothrombectomy Devices for Acute Ischaemic 
Stroke (STRATIS) registry, which included centres 
outside Spain.

	⇒ Another limitation is that some model parameters, 
such as acute and long-term costs have been de-
rived from literature, which have been validated by 
clinical experts.
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Mechanical thrombectomy (MT) is the most effective 
reperfusion treatment used in acute ischaemic stroke 
(AIS) management in patients with large vessel occlusion 
(LVO).3 4 Its cost-effectiveness has already been demon-
strated in Spain; improving functional outcomes is associ-
ated with a higher quality of life and reduced health costs, 
leading to €44 378 in savings per patient compared with 
thrombolysis with intravenous tissue-type plasminogen 
activator (IV-tPA) alone.5

Clinical evidence suggests that the number of passes 
during an MT inversely correlates with the functional 
outcome of the procedure.6 7 Achieving complete/near 
revascularisation of the LVO (modified Thrombolysis in 
Cerebral Infarction (mTICI) 2c-3) after a single pass with 
MT, known as first pass effect (FPE), is associated with 
significant improvements in clinical outcomes and can be 
considered an independent predictor of good functional 
outcomes.8 Recent studies have begun to try to identify 
factors or predictors of FPE that may impact the choice 
of thrombectomy device and technique in the future.8–11

The objective of this study is to assess the health 
outcome benefits and economic impact of achieving FPE 
for the AIS patients from the National Health System 
(NHS) perspective in Spain.

METHODS
Model structure
A previously published cost-effectiveness model 
comparing MT+IV-tPA with IV-tPA alone in a Spanish NHS 
setting was modified to reflect only patients that received 
MT treatment which afterwards were stratified to reflect 
those who achieved FPE and those who did not (non-
FPE),5 and allowed to estimate lifetime health and costs 
outcomes of the two patient groups. As in the previous 
modelling, this analysis is also over the patient’s lifetime 
and from the Spanish NHS perspective. The model was 
developed using Microsoft Excel (Microsoft Corporation, 
Redmond, Washington, USA).

The model had a two-phase structure, consisting of 
an acute-subacute phase from stroke onset to 90 days, 
and a rest-of-life phase 91 days after stroke to the end of 
patient’s life. In the acute–subacute phase, patients enter 
the model once reperfusion status (FPE vs non-FPE) has 
been determined, and then are assigned to one of the 
seven mutually exclusive health states based on modi-
fied Ranking Scale (mRS; 0-no symptoms, 6-death) to 
reflect several degrees of disability at 90 days. Afterwards, 
patients enter a Markov structure, from 91 days after 
the stroke to the end of the patients’ life. In this phase, 
patients could remain in the same health state or tran-
sition to different states during each annual cycle until 
the end of life, depending on the occurrence of a recur-
rent stroke or death from other causes (age-specific and 
gender-specific mortality). A half-cycle correction was 
used to account for transitions occurring in the middle 
of a cycle.

Patient population
The model simulates a hypothetical cohort of 1000 
patients with clinic-demographic characteristics based on 
the STRATIS registry (Systematic Evaluation of Patients 
Treated With Neurothrombectomy Devices for Acute 
Ischaemic Stroke).12 STRATIS registry patients were 
classified into 2 groups: patients with a final mTICI ≥2 b 
(used for the base case analysis), and patients with final 
mTICI (0–3) (used for the alternative scenario). After-
wards, patients in both groups were stratified into FPE 
and non-FPE groups.

Clinical data
Clinical data were obtained from a subanalysis of the 
STRATIS registry12 in which FPE and Non-FPE groups 
were compared. Moreover, it was considered that patients 
were at risk of experiencing adverse events (symptom-
atic intracranial haemorrhage and malignant cerebral 
oedema) during the acute–subacute phase; therefore, 
adverse events data were also obtained from STRATIS 
registry subanalysis.

Categorical variables were compared by using χ2 test 
and Mantel-Haenszel χ2 test when appropriate. Propor-
tion differences were compared by z-test both one-sided 
and two-sided tests are performed (considering 5% and 
2.5% significance level, respectively). All statistical anal-
yses were performed by using SAS V.9.4.

Background age/gender-related mortality was obtained 
from the latest available Life Table in Spain (data from 
2018)13 and relative risks of death by mRS score were used 
to adjust age/gender-related mortality14 to account for the 
increased risks observed among stroke survivors (online 
supplemental table A1 and A2). Recurrence stroke rates 
were obtained from Mohan et al15 (online supplemental 
table A3).

Quality of life
Health outcomes were measured using quality-adjusted 
life-years (QALYs), a measure that weights life-years 
gained with an intervention by its utility value. Utilities 
assigned to health states can take values from 0 (death) to 
1 (optimal health) and negative values (state worse than 
death). Utilities by mRS score were obtained from Rivero-
Arias et al,16 with values ranging from 0.93 (mRS 0) to 
−0.54 (mRS 5) (online supplemental table A4).

Costs
The study considered the Spanish NHS perspective, 
consequently, only direct medical costs were considered, 
including treatment and adverse events management 
costs, acute and long-term care costs. Treatment costs 
were updated to reflect the costs for each patient group 
(FPE vs non-FPE) and were kept in line with the new 
treatment approaches according to local practice based 
on a panel of experts’ consensus. Treatment costs in both 
groups FPE and non-FPE included the costs of AIS diag-
nosis, and adjunctive IV-tPA in 30% of the cases according 
to local practice (online supplemental table A5).
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Adverse events, acute and long-term costs by mRS score 
were kept consistent with the previous model.5 For each 
scenario, a second analysis was performed to include 
formal care costs such as nursing/residential costs. All 
costs are presented in Euros and were inflated to reflect 
Euros in 2020 (table 1). Costs and health outcomes were 
discounted at an annual discount rate of 3% consistent 
with the relevant health technology assessment guidelines 
for Spain.17

Economic model outcomes and sensitivity analysis
The model estimates the lifetime total costs and QALYs 
for each patient group. To quantify the net economic 
value of FPE, the net monetary benefit (NMB) was calcu-
lated, considering a willingness-to-pay (WTP) threshold 
of €30 000/QALY, (NMB=(Incremental QALYs×WTP) − 
Incremental Costs).18 19

Deterministic sensitivity analysis (DSA) and probabi-
listic sensitivity analysis (PSA) were conducted to evaluate 
results’ robustness.20 DSA assigns a one-way variation to 

input parameters including discount rates, mRS at 90 
days, age, health states utilities, recurrent stroke rates, 
relative risk of death, and all costs (treatment, acute and 
long-term costs). In PSA, 10 000 Monte Carlo simulations 
were run after assigning a probability distribution to all 
key parameters simultaneously (mRS scores at 90 days 
(Dirichlet), mortality relative risks (lognormal), starting 
age (normal), utilities (beta) and costs (gamma)), to 
account for the general uncertainty around model 
inputs.5

Patient and public involvement
This study was conducted without patient and public 
involvement. Therefore, patients were not involved in the 
study design, reporting or interpretation of the findings.

RESULTS
Based on STRATIS subanalysis, the mean age of stroke 
considered in the model was 68 years. Both groups have 
similar characteristics at baseline. Descriptive statistics 
on the FPE and non-FPE groups are reported in online 
supplemental tables A6–A9.

Our results suggest that the FPE group had significantly 
better clinical outcomes at 90 days after stroke compared 
with the non-FPE group in the base case scenario (mRS 
0–2: 66.2% vs 54.6%, p<0.005). Similar results in the 
alternative scenario were observed (mRS 0–2: 66.9% vs 
50.6%, p<0.0001) (figure 1). Adverse events results across 
scenario populations are presented in online supple-
mental table A10.

In the base case scenario, the model estimates an 
average lifetime cost per patient equal to €97 206 for the 
FPE group and €113 790 for the non-FPE group. Of these, 
83% were associated with long-term costs. Overall, the FPE 
group generated a cost reduction of €16 583 per patient 
in a lifetime horizon. Cost reductions are predicted to be 
greater when nursing/residential care cost are included, 
leading to a savings of €30 072 per patient.

In terms of health outcomes, the model estimates that 
achieving FPE lead to a QALY gain of 1.2 years (7.89 vs 
6.69), while the number of independent people at 90 
days is also projected to increase by 116 (662 vs 546) in 
this hypothetical cohort. However, there is an estimated 
increase in the total number of recurrent strokes in the 
FPE group due to patients living longer (283 vs 257).

The model suggests that achieving FPE lead to a 
NMB of €52 634 considering a WTP of €30 000/QALY 
gained. The NMB was expected to increase to €66 122 
when nursing/residential care cost are considered. FPE 
provides greater net economic value demonstrating 
higher efficacy with lower costs from the payer perspec-
tive in a lifetime time horizon (table 2). In the alterna-
tive scenario, similar results were observed, which may 
confirm the greater benefits that achieving FPE (between 
32% and 47% higher) may provide when all patients 
regardless their final mTICI are considered (QALY gain of 
1.75 years and €21 910 cost reduction; when considering 

Table 1  Adjusted acute and long-term costs (Euros 2020)

mRS

Acute costs Annual long-term cost

Total acute 
care cost 
(€)

Total long-term 
healthcare cost 
(without nursing 
and residential 
care cost) (€)

Total including 
nursing and 
residential care 
cost (€)

mRS 0 4718 1340 2767

mRS 1 5242 1489 3074

mRS 2 5766 1638 3382

mRS 3 6468 23 250 33 061

mRS 4 7187 25 833 53 339

mRS 5 7906 28 417 67 400

mRS 6 4046

Note: Table adapted from de Andrés-Nogales et al.5

mRS, modified Ranking Scale.

Figure 1  mRS outcomes at 90 days base case and 
alternative scenario. FPE, first pass effect; mRS, modified 
Rankin Score.
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nursing/residential costs, a cost reduction of €44 289 and 
an NMB of €96 684) (table 2).

Sensitivity analysis
According to the DSA, in both scenarios (base case and 
alternative), the key drivers of the analysis included long-
term care costs, starting age, health state utilities by mRS 
score and relative risk of death. However, none of these 
key parameters changed the direction of the results; 
therefore, in all the simulations, the NMB remained 
positive (minimum value: €28 884; maximum value: €73 
620), showing the results were robust to input parameters 
variations (figure 2). In the PSA, FPE was estimated to be 

cost neutral or cost saving in 98.4%of the Monte Carlo 
simulations (figure 3).

DISCUSSION
Clinical evidence suggests that achieving FPE after a 
single pass is associated with favourable outcomes after 
an MT procedure.6 7 Our study estimated the health 
gains from achieving FPE and examined the associated 
economic impact from the Spanish NHS perspective over 
a lifetime horizon.

Clinical outcomes, based on a subanalysis from the 
STRATIS registry, showed that achieving mTICI 2c-3 

Table 2  Summary of base case and alternative scenario results

Costs

Base case Alternative scenario

FPE Non-FPE Incremental FPE Non-FPE Incremental

Treatment (€) 9086 10 432 −1346 9086 10 432 −1346

Adverse event costs (€) 269 582 −313 238 551 −314

Acute costs (€) 5259 5353 −94 5250 5387 −137

Long term care costs (€) 79 296 94 263 −14 968 78 039 98 469 −20 430

Long term care costs (with nursing/residential care 
cost) (€)

144 072 172 527 −28 456 141 678 184 487 −42 809

Recurrent stroke costs (€) 3297 3160 137 3313 2997 316

Total costs (€) 97 206 113 790 −16 583 95 925 117 836 −21 910

NMB (€) 52 634 74 306

Total costs (with nursing/residential care cost) (€) 161 982 192 054 −30 072 159 565 203 854 −44 289

NMB (with nursing/residential care cost) (€) 66 122 96 684

Total QALYs 7.89 6.69 1.2 7.96 6.21 1.75

Total life years 10.99 10.06 0.92 11.03 9.71 1.32

FPE, first pass effect; NMB, net monetary benefit; QALYs, quality-adjusted life-years.

Figure 2  Tornado diagram of deterministic sensitivity analysis. FPE, first pass effect; RR, relative risk.
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reperfusion after a single pass leads to significantly better 
overall mRS distribution and functional independence 
(mRS 0–2). The difference in the proportion in mRS 
0–2 between FPE and non-FPE groups ranged between 
11.5% and 16.3% depending on the cohort of patients 
(figure  1). Similar findings have been described in the 
literature.8 21 22 An analysis of North American Solitaire 
Acute Stroke Registry conducted by Zaidat et al suggested 
that if patients achieved mTICI 3, the FPE lead to better 
clinical outcomes compared with the rest of the cohort 
that did not achieve FPE (61.3% vs 35.3%, p<0.0001).8 
The meta-analysis by Abbasi et al reported on the associ-
ation between FPE and clinical outcomes finding higher 
rates of functional independence for FPE compared with 
Non-FPE (56% vs 41%, p<0.01) and lower mortality (17% 
vs 25%, p<0.01).21 Furthermore, a recent meta-analysis 
that conducted a per-pass analysis of recanalisation and 
health outcomes in thrombectomy22 suggests that the 
likelihood of functional independence in patients with 
final successful recanalisation decreased after each pass. 
On the first pass, 55% of patients achieved mRS 0–2 
(p value: 0.033), while rates progressive declined after 
each subsequent pass, dropping to 26% for patients who 
required five or more passes for successful recanalisation. 
The results of our analysis also confirm improved health 
outcomes from achieving FPE and are therefore coherent 
with existing literature.

The base case results suggest that achieving FPE yields 
better health outcomes than non-FPE group, providing 
an incremental QALY gain of 1.2, equivalent to 438 days 
in perfect health. From the cost perspective, the FPE 
group is associated with lower healthcare costs, leading 
to a cost saving of €16 583 and €30 072 when considering 
nursing/residential healthcare costs (table  2). QALYs 
and cost savings resulted to be greater in the alternative 
scenario: the FPE group lead to 1.75 additional QALYs 
per patient (or 657 days in full health) and €21 910 in 
savings (€44 289 when considering nursing/residential 

healthcare costs). The greater results observed in the 
alternative scenario can be explained by a slight increase 
in good functional outcomes in the FPE group, accom-
panied by a decrease in the mRS 0–2 in the non-FPE 
group, which contributed to an even larger incremental 
difference between FPE and non-FPE outcomes in this 
scenario.

Cost savings in both scenarios were mainly driven by 
reductions in long-term costs associated with the manage-
ment of functionally dependent patients. Furthermore, 
all results were tested by performing DSA and PSA, 
which demonstrated that our results are robust. In both 
scenarios and subscenarios, the non-FPE group was asso-
ciated with lower health benefits and higher healthcare 
costs.

Improved health outcomes are generally associated 
with economic benefits. Even though there is less liter-
ature available on cost-implications from FPE, a recently 
published study23 estimated the short-term cost implica-
tions of FPE in several countries, including Spain. The 
authors estimated the procedural/hospitalisation and 
annual care costs differences considering a 1-year time 
horizon. Similar to our work, the study showed lower 
procedural/hospitalisation and annual care costs for 
patients that achieved FPE versus non-FPE across coun-
tries considered. Furthermore, our findings are compat-
ible with other studies undertaken in the USA that have 
demonstrated that achieving TICI 3 lead to healthcare 
and societal cost savings relative to achieving TICI 2b for 
LVO.24 25

Overall, the results of this study showed that raising 
the FPE rate will not only increase the quality of life for 
patients, but also decrease the overall healthcare costs. 
Achieving FPE can potentially be one of the primary goals 
in the treatment of patients with ischaemic stroke due 
to LVO from both a clinical and economic perspective. 
Because this analysis was performed from the Spanish 
NHS perspective, only the direct costs are considered. 

Figure 3  Probabilistic sensitivity analysis. QALYs, quality-adjusted life-years.



6 González Diaz E, et al. BMJ Open 2022;12:e054816. doi:10.1136/bmjopen-2021-054816

Open access�

There could be larger savings associated with achieving 
FPE if indirect costs, such as informal care and produc-
tivity losses, were included.

To our knowledge, this is one of the first studies that 
aim to evaluate the lifetime health and cost implications 
of achieving FPE in AIS patients in Spain from the NHS 
perspective. Among the strengths of this study are the 
Markov structure (allows to better reflect the patient 
pathway in terms of lifetime costs and benefits) and the 
inclusion of comprehensive diagnostics and treatments 
costs, main adverse events management and recurrent 
strokes, to account for all health outcomes and associated 
costs after a stroke.

This study has some limitations. First, clinical efficacy 
and patient characteristics were based on the STRATIS 
registry, which included centres outside Spain. Moreover, 
the study’s reliance on observational data may limit the 
result’s interpretation due to the potential effect that 
unmeasured confounders (eg, quality of stroke care, 
procedural technique) could have on the mRS score 
variation between groups. Furthermore, the STRATIS 
registry is based on specific stent retrievers and might 
not be applicable to other types of devices with different 
safety and efficacy profile. Also, the average age for a 
stroke onset in Spain might be higher than our assump-
tion for all patients (68 years), which could potentially 
lead to an overestimation of health outcomes. However, 
age was included in the DSA, varied to an upper limit of 
81 years, and this did not lead to dramatic changes in 
the results as the NMB remained positive in all scenarios. 
Third, patients were assumed to remain in a given mRS 
score until they experienced a recurrent stroke or death. 
Other factors that may have an effect on mRS scores, 
such as comorbidities, were not included. However, this 
aspect could affect both patient cohorts equally consid-
ering there are no differences in the baseline character-
istics, nonetheless further studies on mRS decline in the 
long term are encouraged. Acute and long-term costs 
were obtained from the original cost-effectiveness model 
and the same limitations for costs would apply. Finally, 
resource consumption was based on a panel of experts’ 
consensus and clinical practice and subject to heteroge-
neity between centres. However, these assumptions were 
tested in the DSA and PSA and did not alter the overall 
results.

CONCLUSION
Achieving FPE after MT can lead to important healthcare 
cost saving and better functional clinical outcomes per 
patient compared with not achieving FPE. Costs saving 
to the Spanish NHS ranged from -€16 583 to -€44 289 
depending on the patient cohort and long-term costs. 
Increasing FPE rates will lead to greater cost savings to 
the healthcare system.
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