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Stroke Warning Information and Faster Treatment (SWIFT): Cost-
effectiveness of a stroke preparedness intervention

Elizabeth R. Stevens, PhD, MPH1,2,*, Eric Roberts, MPH1, Heather Carman Kuczynski, 
MPH1, Bernadette Boden-Albala, DrPH1

1New York University College of Global Public Health, Department of Epidemiology, New York, 
NY, USA

2New York University School of Medicine, Department of Population Health New York, NY, USA

Abstract

Objectives—We evaluated the cost-effectiveness of a stroke preparedness behavioral 

intervention study (SWIFT), a stroke intervention demonstrating capacity to decrease race-ethnic 

disparities in ED arrival times.

Methods—Using the literature and SWIFT outcomes for two interventions, enhanced 

educational (EE) materials or interactive intervention (II), we assess the cost-effectiveness of 

SWIFT in two ways: 1) Markov model, and 2) cost-to-outcome ratio. The Markov model primary 

outcome was the cost per QALY gained using the cost-effectiveness threshold of $100,000/QALY. 

The primary cost-to-outcome endpoint was cost per additional patient with ED arrival <3 hours, 

stroke knowledge, and preparedness capacity. We assessed the ICER of II and EE versus standard 

care (SC) from a health sector and societal perspective using US$ 2015, a time horizon of 5 years, 

and a discount rate of 3%.

Results—The cost-effectiveness of the II and EE programs were, respectively, $227.35 and 

$74.63 per additional arrival <3 hours, $440.72 and $334.09 per additional person with stroke 

knowledge proficiency, and $655.70 and $811.77 per additional person with preparedness 

capacity. Using a societal perspective the ICER for EE versus SC was $84,643 per QALY gained 

and the ICER for II versus EE was $59,058 per QALY gained. Incorporating fixed costs, EE and II 
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would need to administered to 507 and 1,693 or more patients, respectively, to achieve an ICER of 

$100,000/QALY.

Conclusion—II was a cost-effective strategy compared to both EE and SC. However, high initial 

fixed costs associated with II may limit its cost-effectiveness in settings with smaller patient 

populations.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: .

Keywords

acute stroke; health literacy; patient education; patient-centered outcomes research; preparedness; 
cost-effectiveness

BACKGROUND

Stroke is a leading cause of death and serious long-term disability in the United States and 

globally. While primary and secondary stroke prevention remain key public health concerns, 

prevention remains suboptimal and stroke preparedness continues to be a priority.1,2

The rapid diagnosis and treatment of acute ischemic stroke are critical in the reduction of 

morbidity, disability, and stroke-associated mortality. Currently, tissue plasminogen activator 

(tPA) is the only approved treatment for acute ischemic stroke,3 however, less than 25% of 

eligible stroke patients arrive to an emergency department (ED) within the 3-hour treatment 

window.4,5 Reasons for poor stroke preparedness include inadequate preparedness 

competency to recognize stroke symptoms and respond to stroke as an emergency.6–9

A randomized controlled trial examining two stroke education focused interventions, the 

Stroke Warning Information and Faster Treatment (SWIFT), reported a significantly 

increased proportion of participants arriving <3 hours after symptom onset; approximately 

50% arrived <3 hours of symptom onset compared to around 20% at baseline in both trial 

arms. To date SWIFT is one of the first stroke interventions demonstrating capacity to 

decrease race-ethnic disparities in ED arrival times.10 However, the cost of implementing 

this effective intervention has not yet been studied.

In this study, we present the cost-effectiveness of SWIFT comparing differences in the 

proportion of stroke patients arriving to the ED <3 hours, as well as, stroke knowledge and 

preparedness capacity.10

METHODS

Intervention and Participants

SWIFT was a controlled trial (2005–2011) that randomized 1,193 patients with an initial 

diagnosis of ischemic stroke or transient ischemic attack (TIA) to enhanced educational 

(EE) materials or interactive intervention (II). Specifically, both groups received a culturally 

tailored, health literature packet of preparedness focused educational materials and a 

medical alert bracelet. II additionally included in-hospital interactive group sessions 

consisting of a preparedness presentation, a stroke survivor preparedness narrative video, 
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and roleplaying (Figure 1). The trial had no contemporaneous “standard care” control group.
10,11

Patients were followed for 12 months. The primary endpoint measures were the proportion 

of patients arriving to the ED <3 hours after stroke onset. Compared to baseline arrival of 

approximately 20%, the SWIFT trial demonstrated a probability arriving at ED in <3 hours 

of 40.9% and 54.6% for the EE and II interventions, respectively. Secondary outcomes 

included pre-post intervention differences in stroke knowledge and preparedness capacity. 

These secondary outcomes were selected in the SWIFT study because limited stroke 

knowledge and preparedness capacity have been shown to be associated with poorer stroke 

outcomes.6–9 The design and key results of the SWIFT trial have been described previously.
10,11

Data Collection

At the time of study we documented the implementation cost of EE and II interventions 

including multimedia educational materials, facilitator wages, intervention time, and 1-

month follow up telephone calls (Table S1). In Markov analyses, costs were estimated based 

on resource use derived from comparable populations of US patients. The cost of developing 

the content of intervention materials was not included in our analysis because these costs 

have already occurred and are not recoverable (in economic terminology, “sunk”) from the 

perspective of program dissemination. Outcome data including ED arrivals <3 hours, stroke 

knowledge, and preparedness capacity were collected during the trial. At baseline, 1 and 12 

months, the stroke knowledge survey,12 including an open-ended question on preparedness 

capacity, was verbally administered. To evaluate preparedness capacity, participants were 

asked to name the three most important things to say to ED staff when a stroke is suspected. 

A fully correct response included identification of potential stroke; report of at least one 

stroke symptom; and mention of either time of stroke onset, use of tissue-type plasminogen 

activator, or 3-hour time window.10 Model inputs for the standard care (SC) arm and stroke 

related resource use and utility values were derived from the literature. (Table 1)

Fixed and Variable Cost Classification

Intervention components were categorized as fixed (costs that do not change with the 

number of stroke patients) or variable cost inputs (costs that increase with the number of 

stroke patients). For example, activities related to facilitator training were generally 

considered fixed costs and activities related to patient-level education and follow-up were 

generally considered variable costs, as costs generally increased proportionally with the 

number patients enrolled in the program.

Cost-effectiveness

We assess the cost-effectiveness of SWIFT in two ways: 1) using a Markov model and 2) 

determining the cost-to-outcome ratio as compared to baseline.

We projected 5-year cost-effectiveness using a Markov model described below. We assessed 

the cost-effectiveness of EE compared with II and SC. The model incorporated the variable 

costs to assess the average cost-effectiveness per patient and the high fixed costs, which 
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were shared by the population, were then added separately to assess cost-effectiveness at a 

population level. Therefore, after the model analysis the total patient enrollment necessary to 

achieve cost-effectiveness was calculated. To encapsulate costs incurred by the health system 

and patients, our analysis adopted a limited societal perspective that included informal 

caretaker costs and productivity lost as well as non-medical direct costs (e.g. care facilities 

and paid caretakers) but did not include out-of-pocket medical costs, travel, or other non-

medical direct costs. A secondary analysis was also performed using the healthcare system 

perspective.

We also derived the cost-effectiveness for secondary outcomes using the ratio of variable 

costs to program efficacy outcomes [(change in cost)/(change in effectiveness)]13 as 

compared to pre-intervention measures. The efficacy outcomes, reported in detail elsewhere,
11 included (1) the proportion of patients arriving to ED <3 hours after stroke onset, (2) 

stroke knowledge, and (3) preparedness capacity. Total costs per outcome were calculated 

assuming a patient population size the same as in the SWIFT trial.

Markov Model

We projected long-term cost-effectiveness of SWIFT using a Markov model, developed 

using TreeAge Pro Suite 2016 (TreeAge Software Inc., Williamstown, MA).14 The model 

and analyses were performed in April-October 2016. The model incorporated event 

probabilities and risk data from SWIFT and the literature to estimate quality-adjusted life 

expectancy, and medical costs. Model inputs can be found in Table 1.

Our Markov model used a time horizon of 5-years to capture the key clinically relevant 

timeframe associated with stroke recurrence. The primary end point was the incremental 

cost per quality adjusted life-year (QALY) gained. The model included four Markov states 

representing categories of modified Rankin Scale (mRS) disability scores. Each mRS score 

health state was assigned a health utility value which was derived from the literature.15 

Patients can transition to a less severe mRS health state through recovery, remain in their 

current health state, transition to a more severe state through a secondary stroke, or die 

(Figure 2). The probabilities of transitioning between health states and mRS scores were 

derived from the literature (Table 1).16,17 Patient movement between health states was 

modeled using 1-month cycles for 5 years or until death.

The model was used to determine the mean total cost accrued per person receiving EE, II, 

and SC, as well as the mean number of QALYs gained. This allowed for the calculation of 

the incremental cost-effectiveness ratios (ICERs). We calculated QALYs by multiplying the 

time spent in each health state by corresponding utility estimates (on a scale where 1.0 = 

perfect health and 0.0 = death) for each stroke health state. Utility scores were derived from 

the literature.15 Cost-effective therapies were selected using a willingness-to-pay (WTP) 

threshold of $100,000 per QALY gained. Costs and QALYs were discounted at 3% per year. 

All costs were converted to 2015 $US using the consumer price index. The unit of analysis 

for cost-effectiveness estimates was the patient. All analyses were performed according to 

intention to treat. Our methods and the reporting of our results are consistent with guidelines 

for cost-effectiveness analyses.18
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Sensitivity Analysis

In sensitivity analyses, the time horizon was set to a 10-year and a lifetime horizon to assess 

the long-term impact of the interventions. We performed 1-way sensitivity analyses of all 

model inputs (Table 1). We then employed a probabilistic sensitivity analysis of 100,000 

iterations of Monte Carlo simulation.

RESULTS

SWIFT Participant Characteristics

Participants had a mean age of 63 years±15, 50% were female, 17% black, 51% Hispanic, 

and 26% white. This was a mild stroke/TIA cohort with over 84% scoring <7 on National 

Institute of Health Stroke Scale.

Costs

Fixed costs for II and EE averaged $11,542.46 and $1,057.81, respectively. II variable costs 

were $27,020.52 for 601 patients, or $44.96 per patient. Using the total cost, including fixed 

and variable costs, II cost $38,562.98, or $64.16 per patient. EE variable costs were 

$9,003.08 for 592 patients, or $15.21 per patient. Using the total cost EE cost $10,060.90, or 

$16.99 per patient. (See supplemental Table S1)

Cost-per-outcome

At 30 days, II and EE, respectively, cost $227.35 and $74.63 per additional arrival <3 hours, 

$440.72 and $334.09 per additional person with stroke knowledge proficiency, and $655.70 

and $811.77 per additional person with preparedness capacity. (Table 2)

Model analyses

Mean quality-adjusted life years (QALYs) gained for II and EE was 0.00031 and 0.00013, 

respectively compared to SC. Five-year costs for II, EE, and SC using a societal perspective 

were projected to be $121,023, $121,035 and $121,045, respectively. The increased costs 

associated with II, EE, and SC were primarily attributable to increased tPA costs.

Using a societal perspective, the ICER for EE versus SC was $84,643 per QALY gained and 

the ICER for II versus EE was $59,058 per QALY gained.(Table 3) Using a healthcare 

perspective EE had an average cost of $71,293 and an ICER of $121,658/QALY compared 

to SC. II had an average cost of $71,311 and an ICER of $102,113 compared to EE.

Incorporating fixed costs in the societal perspective cost-effectiveness analysis, EE would 

need to be administered ≥507 patients to achieve an ICER of $100,000/QALY. II would need 

to be administered to ≥1,693 patients to achieve an ICER of $100,000/QALY compared to 

EE.

Sensitivity Analysis

The results were most sensitive to the costs associated with informal caretakers and tPA, 

variation in the time horizon, and the benefits of tPA.
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Increasing the time horizon to 10 years and lifetime led to the ICER for II dominating both 

SC and EE. When incorporating fixed costs in the societal perspective 10-year horizon, EE 

and II would need to be administered to 24 and 267 or more patients, respectively, to achieve 

an ICER of $100,000/QALY.

In the Monte Carlo simulation where all model inputs were varied across plausible 

distributions, at a WTP threshold of $100,000/QALY there was a 94.9% probability that II 

would be cost-effective versus EE and SC, a 5.1% probability that SC would be more cost-

effective than II and EE. The probability of EE being more cost-effective than both II and 

SC remained below 1% at all WTP thresholds.

DISCUSSION

This analysis based on SWIFT indicates that EE and II are likely to be a good value in 

patients who have experienced an ischemic stroke. The health benefits of the model were 

primarily derived from earlier thrombolysis with tPA.

While II is cost-effective when considering only variable costs, the high fixed costs 

associated with its implementation may be a prohibitive factor for its implementation in 

smaller institutions that see fewer stroke patients. Similarly, while on average II provided the 

greatest impact on stroke knowledge and behavioral competencies, EE was overall more 

cost-effective on a per outcome basis. As II implementation currently includes high-cost 

items such as a film customized to patient populations, it may be beneficial to manualize the 

intervention to decrease the initial investment burden. If the fixed costs of II cannot be 

successfully reduced, however, EE remains a cost-effective intervention. Therefore, in 

settings where II implementation is infeasible, EE should be considered as an alternative 

intervention.

The cost-effectiveness of EE and II holds true for both black and Hispanic patient 

populations, making SWIFT one of the first cost-effective behavioral interventions to reduce 

race-ethnic disparities in arrival times.10 In sensitivity analyses EE and II demonstrated a 

robust cost effectiveness across the intervention effect sizes observed among black and 

Hispanic patients. However, potentially due to the impact of a small sample size, II was not 

cost-effective among white patients. Additionally, in sensitivity analyses a greater 

intervention effect was observed as the age at initial stroke decreased. Therefore, the II and 

EE interventions are likely even more cost-effective in certain minority populations, such as 

Hispanic American patients who are more likely to have a stroke at an earlier age than white 

Americans.19,20

After the 30 day follow-up call, which was designed to assess improvement in stroke 

knowledge and preparedness capacity and not initially intended to serve as an intervention, 

there was a catchup effect seen for EE. This is theorized to be an artifact of the additional 

stroke education received by going through the knowledge and competence questions. Due 

to this unintended effect and as there is a particularly high rate of stroke reoccurrence in the 

first month, this analysis focused primarily on the cost-effectiveness using the pre-follow-up 

call ED arrival data, however the cost of the follow-up calls was included in the variable 
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costs to be conservative. This may have biased the cost-effectiveness of II towards being 

more cost-effective than EE, however both II and EE would be expected to remain cost-

effective compared to standard care. Additionally, the SWIFT trial observed a trend where 

there appeared to be an excess number of total strokes/TIA in the II compared with the EE 

group (187 versus 138), which was not driven by stroke mimics.10 If shown to be true, II 

uncovering a higher number of true strokes may indicate an improved cost-effectiveness in II 

beyond what is modeled.

As seen in SWIFT baseline data, significant racial and ethnic disparities exist in stroke 

knowledge, behavioral competencies, and ED arrivals.11 Additionally, minority patients are 

less likely to receive tPA treatment21 and often have poorer stroke outcomes than white 

patients.19,20 Through its culturally tailored behavioral interventions, SWIFT represents a 

program that has the potential to reduce stroke outcome disparities in a cost-effective way. 

Thus providing an opportunity to increase health equity among stroke patients.

Continued low rates of arrival to ED under 3 hours for acute stroke suggests a need for more 

effective dissemination of existing materials on stroke preparedness. In the United States, 

about 185,000, or nearly 1 in 4 strokes annually are in people who have had a previous 

stoke.22 Our findings suggest that clear, simple, preparedness-focused messages, 

predischarge (and possibly follow-up reinforcement) are potentially cost-effective 

interventions to increase the proportion of early ED arrivals in this population. These results 

provide support for Brain Attack Coalition, Get with the Guidelines, and state-level 

certification programs that emphasize the critical role of continued stroke education.23–28

Our study had several important limitations. First, the most significant limitation is in the 

design of the original SWIFT trial, which had no SC arm for comparison. Therefore, the 

literature was used to establish SC, which may not be truly reflective of the in-hospital 

stroke education at the study site. Similarly, the SWIFT trial did not assess the impact of the 

interventions on long-term survival, healthcare costs, and quality of life. To address 

uncertainty around these factors we examined the impact of plausible alternatives in 

sensitivity analyses, the results of which were similar to the result of our primary results. 

Second, as there is no information currently available on the long-term effectiveness of the 

interventions, the analysis models the impact of the interventions at a constant effect size 

throughout time. This may bias the results towards improving the cost-effectiveness of the 

interventions, however, due to the significantly higher risk of recurrent stroke within the first 

year after an initial stroke,17 most of the intervention benefit occurs within the first couple of 

years after intervention implementation. Similarly, the 5-year time horizon may be too short 

to capture the long-term impact of the interventions. Third, the societal perspective analysis 

did not include out-of-pocket medical costs, travel costs, or other non-medical direct costs 

beyond care facilities and paid caretakers, and is therefore limited. This likely 

underestimates the favorability of the intervention cost effectiveness. Fourth, approximately 

10% of ischemic strokes are large vessel occlusions and eligible for thrombectomy.29 Our 

model, however, did not include increased likelihood of earlier thrombectomy as an effect of 

earlier ED arrival. Thrombectomy has a treatment threshold of <6 hours since symptom 

onset, therefore an arrival time of <3 hours may decrease the time until thrombectomy, but is 

less likely to increase the total number of individuals receiving the procedure; this would 
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increase the potential health gains, but not costs making the model a potentially conservative 

estimate of the cost effectiveness. Finally, the results may not be generalizable from a mild 

stroke and TIA population to the larger community.

CONCLUSION

On the basis of the results of SWIFT, the implementation of II to increase stroke knowledge, 

behavioral competency, and secondary stroke ED arrivals <3 hours was a cost-effective 

strategy compared to both EE and SC. However, high initial fixed costs associated with II 

may limit its cost-effectiveness in settings with smaller patient populations. These findings 

provide support for the inclusion of a behavioral intervention in post-stroke care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
SWIFT intervention study design
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Figure 2. 
Markov model structure
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Table 1.

Select model inputs

Sensitivity Analysis Range

Parameter Value Low High Source

Age at initial stroke (years) 60 49 74 SWIFT

Probability of recurrent stroke within 1 month 0.031 0.017 0.044 17

Probability of recurrent stroke within 1 year 0.111 0.09 0.133 17

Probability of recurrent stroke within 5 years 0.264 0.201 0.328 17

Probability of recurrent stroke within 10 years 0.392 0.272 0.512 17

II probability arriving at ED in <3 hours 0.5455 0.47 0.613 SWIFT

EE probability arriving at ED in <3 hours 0.4091 0.324 0.485 SWIFT

SC probability arriving at ED in <3 hours 0.25 0.117 0.336 24,25,30–32

Probability of TPA if arriving at ED in <3 hours 0.1941 0.153 0.247 33

Probability of TPA if arriving at ED in >3 hours 0.0025 0.002 0.004 33

Probability of hemorrhage with TPA 0.05 0.041 0.062 34

Probability of hemorrhage with no TPA 0.006 0.005 0.009 35

Probability of death with hemorrhage 0.217 0.182 0.261 36

Probability of death with no TPA 0.169 0.135 0.203 16

Probability of mRS 0–1 with TPA 0.283 0.251 0.336 16

Probability of mRS 2–3 with TPA 0.342 0.299 0.392 16

Probability of mRS 4–5 with TPA 0.237 0.211 0.268 16

Probability of mRS 0–1 with no TPA 0.271 0.228 0.322 16

Probability of mRS 2–3 with no TPA 0.301 0.249 0.364 16

Probability of mRS 4–5 with no TPA 0.258 0.232 0.289 16

Health Utility Value mRS 0–1 0.748 0.673 0.853 15

Health Utility Value mRS 2–3 0.395 0.329 0.472 15

Health Utility Value mRS 4–5 0.055 0.045 0.067 15

Probability of initial stroke mRS 0–1 0.556 0.443 0.655 SWIFT

Probability of initial stroke mRS 2–3
Societal Perspective Specific Inputs

0.444 0.355 0.533 SWIFT

Patient hospitalization time mRS 0–1 (Days) 3.8 3.04 4.56 37,38

Patient hospitalization mRS 2–3 (Days) 4.7 3.76 5.64 37,38

Patient hospitalization mRS 4–5 (Days) 9.4 7.52 11.28 37,38

Patient care facility stay mRS 0–1 (Days) 1 0 10 39

Patient care facility stay mRS 2–3 (Days) 18 5 30 39

Patient care facility stay mRS 4–5 (Days) 144 75 250 39

Patient productivity lost mRS 0–1 (Days)
* 50 10 70 39

Patient productivity lost mRS 2–3 (Days)
* 39 20 50 39

Patient productivity lost mRS 4–5 (Days)
* 23 10 40 39
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Sensitivity Analysis Range

Parameter Value Low High Source

Paid caretaker time mRS 2–3 (hrs/wk)
* 3 0 10 40

Paid caretaker time mRS 4–5 (hrs/wk)
* 9 6 20 40

Informal caretaker time mRS 2–3 (hrs/wk) 15.4 10 30 40

Informal caretaker time mRS 4–5 (hrs/wk) Costs ($US) 38 20 60 40

Costs ($US)

II variable 45 37 54 SWIFT

EE variable 15 11 20 SWIFT

Tissue plasminogen activator (tPA) - 100 mg vial 7,374 6,160 8,870 41

Hospitalization Costs mRS 0–1 7,652 6,125 9,148 37

Hospitalization Costs mRS 2–3 11,623 9,160 13,696 37

Hospitalization Costs mRS 4–5 13,589 10,928 16,058 37,42

Hospitalization Costs (death) 15,460 13,014 18,425 42

Annual Health Costs 1st yr mRS 0–1 16,463 13,170 19,756 43

Annual Health Costs 1st yr mRS 2–3 19,571 15,657 23,486 43

Annual Health Costs 1st yr mRS 4–5 22,856 18,285 27,427 43

Annual Health costs annual after 1st yr mRS 0–1 2,167 1,733 2,600 44

Annual Health costs annual after 1st yr mRS 2–3 5,394 4,315 6,473 45

Annual Health costs annual after 1st yr mRS 4–5 13,817 11,054 16,581 45

Societal Perspective Specific Inputs

Care facility daily cost (per day) 1,531 500 2,000 46

Paid caretaker median hourly wage 10.77 8 20 47

US Median annual income 36,200 18,907 184,392 48

Note: Costs are reported in 2015 USD

*
Productivity lost excluding hospital and care facility stays
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