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Abstract

Introduction

Centralization of thrombolysis may offer substantial benefits at patient level. We performed a 

simulation study to assess short term costs and effects of centralization compared to optimized 

care in a decentralized stroke care system, consisting of nine community hospitals.

Methods

Using a simulation model, three scenarios to improve decentralized settings were assessed: 

(1) improving stroke care at all separate hospitals, (2) centralizing thrombolysis treatment to four, 

and (3) two hospitals. Primary outcomes were annual mean and incremental costs per patient for 

all scenarios. Secondary outcomes were proportion of patients treated with thrombolysis, Onset-

Treatment-Time (OTT), and additional travel distance in case of centralization.

Results

Optimizing all community hospitals separately led to $US 451 and 633 additional annual costs 

per patient, at a mean of $US 2,128 (95% CI, 1,129 – 3,176), compared to $US 1,677 (95% CI, 

685 – 2,732) when centralizing thrombolysis in four, and $US 1,495 (95% CI, 507 - 2,554) when 

centralizing in two hospitals (P<0.01), respectively. Thrombolysis rates decreased from 22.4% 

to 21.7 and 21.2% (P=0.12 and P=0.01) in case of centralization, and OTT increased from 119.0 

to 122.0 and 125.0 minutes (P=0.05 and P=0.01), respectively. Overall, travel time increased 

to 15.0 (95% CI 2.0 - 35.0) and 19.0 minutes (95% CI, 2.0 - 54.0), respectively, compared to 

12.0 minutes (95% CI, 2.0 – 33.0) in the baseline scenario (P<0.01).

Discussion

Centralizing thrombolysis substantially lowers mean annual costs per patient compared to raising 

stroke care at community hospitals simultaneously. Small, but statistically significant negative 

effects on thrombolysis rates and OTT may be expected compared to optimized decentral care, 

but centralization is still more effective than current decentralized stroke care.

Introduction

Costs associated with stroke are substantial, mainly as a result of hospitalization, rehabilitation, 

and nursing home care1. Treatment with tissue plasminogen activator (tPA) or thrombolysis is 

cost-effective for acute ischemic stroke patients within 4.5 hours of symptom onset2,3. However, 

current use of thrombolysis is low. Of all patients suffering a stroke, currently 1-7%4,5 worldwide 

and 11% in the Netherlands are treated6, whereas up to 31% may be achieved in optimized 

settings7.
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Treatment with thrombolysis in stroke centers as part of a centralized organizational model is 

associated with better patient outcomes and higher thrombolysis rates compared to community 

hospitals in a decentralized model8,9. In addition to better patient outcomes, centralization of 

thrombolysis may lead to substantial cost-savings9. Compared to stroke care at community 

hospitals, admission to a stroke center was associated with an incremental cost-effectiveness 

ratio of US$ 24,000 per quality-adjusted life year gained10. For every 5% absolute increase in 

thrombolysis rates, an additional 30,000 patients annually may be treated. In approximately 

4000 of these patients long-term disability may be avoided while saving more than US$100 

million on healthcare costs11, based on the National Institutes of Neurological Disorders and 

Stroke rt-PA trial and the medical literature12. The short-term costs and resource implications 

associated with advancing community hospital stroke care to the standards of a stroke center 

however remains unclear, hampering broad implementation of thrombolysis.

Because distances to hospitals offering thrombolysis in the Netherlands are relatively short, 

decentralized stroke systems may be improved in two ways: (1) raising stroke care to the standards 

of a stroke center at all separate community hospitals, and (2) centralizing thrombolysis treatment 

thereby reducing the number of community hospitals offering thrombolysis. Prior to large-scale 

implementation, the financial and personnel implications of both scenarios should be assessed.

Using a simulation model, the aims of this study were (1) to estimate the effects of centralization 

on the proportion of patients treated with thrombolysis, total process time, and travel time and 

(2) to estimate the short-term costs associated with raising stroke care at all community hospitals 

simultaneously compared to centralization of thrombolysis treatment.

Methods

The present study was based on a previously published six-month prospective study on a 

centralized (n=280 of which 124 thrombolysis candidates) and decentralized (n=801 of which 

227 thrombolysis candidates) organizational model of acute stroke care within a Dutch region8. 

A summary on baseline patient characteristics, population densities, and access to healthcare 

services is provided in the previously published paper.

Organizational models of acute stroke care

In the North of the Netherlands, a centralized and decentralized organizational model co-exist. 

The decentralized model comprises nine community hospitals in which tPA treatment is provided 

to patients in their catchment area. Community hospitals included in this study were medium 

to large hospitals with 100 to 400 stroke patients admitted per year. University Medical Center 

Groningen (UMCG) acting as stroke center served as an example of centralized stroke care. 

The stroke center has 24-hour, 7-day acute stroke care coverage, including immediate access to 

neuroimaging (Computed Tomography scan) and examination at the Emergency Department 
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(ED). Informed consent was obtained from all subjects participating in the prospective study and 

extended for current use. The study was approved by the institutional review board of UMCG.

Simulation model

A simulation model was designed using Plant Simulation software13 to replicate current practice 

of community hospitals based on parameter estimations obtained in the prospective study. 

A previously developed simulation model was used and extended to represent input data from 

the decentralized model14. Time delays and diagnostic processes were modelled along the pre-

hospital and in-hospital stroke pathway using probabilistic distributions. Costs associated with 

resource use were accounted for in the model. Key activities included model building, validation, 

and performing experiments15. Using the model we considered three scenarios for improving 

decentralized stroke care: (1) simultaneously improving stroke care at all community hospitals, 

(2) centralization of acute stroke care in four, and (3) in two community hospitals, thereby 

reducing the number of community hospitals offering thrombolysis. The community hospital 

hypothetically acting as a stroke center was chosen based on their geographical location within 

a region. The UMCG also participated in these scenarios as stroke center. For the two latter 

scenarios the effect of centralization on travel time to the treating hospital was assessed. In all 

scenarios the level of stroke care at hospitals was assumed to rise to the performance of the 

centralized model; i.e. 22% of all ischemic stroke patients would be administered thrombolysis8.

Improvements associated with centralization of thrombolysis treatment were implemented in the 

simulation model. Pre-hospital factors modelled included: lapse between stroke onset and call 

for help, General Practitioner (GP) consultation, Emergency Medical Services (EMS) use, and high 

priority ambulance transportation. Data collected in the prospective study included the travel 

time from the exact geographical location of the patient to the hospital providing thrombolysis 

for all patients transported by EMS. In-hospital factors included time from hospital arrival to 

neurological examination, neuroimaging (CT scan), and treatment with thrombolysis. In the 

model 10,000 patients progressed along the stroke pathway.

Cost calculation

Data was collected on resource use at the level of all individual patients in both the pre-hospital 

and intra-hospital phase of the stroke pathway. We calculated additional use of resources 

associated with an increase in the proportion of thrombolysis candidates by 16% (from 28% to 

44%), and in treatment with thrombolysis by 8% (from 14% to 22%) in case of centralization of 

thrombolysis treatment8. Unit costs were entered into the simulation model and contributed to 

overall resource use.

Mean and incremental annual costs per patient were estimated for all scenarios including 

fixed and variable costs. Fixed costs were considered constant whereas variable costs fluctuated 

directly with patient volumes. Fixed costs included annual public education campaigns and staff 

Lahr.indd   98 4-10-2013   13:48:21



Centralizing thrombolysis treatment in decentralized stroke care systems  |  99

7

education, and the purchase of a new CT scanner located in the ED. Yearly depreciation costs for 

a new CT scanner were conservatively estimated at 10%16 of the initial investment. Variable costs 

estimated included GP consultation either by telephone or visit, EMS utilization, staff deployment 

associated with activation of the acute stroke team including a stroke neurologist, resident 

neurology, and stroke nurse, outpatient clinic visits, and treatment with thrombolysis (alteplase). 

All patients irrespective of eligibility for thrombolysis underwent neurological examination, CT 

scanning, and laboratory examination, either in the ED for those arriving within the 4.5 hour time 

window or outpatient clinic. No additional staff deployment (emergency physicians, neurologists, 

radiologists, or nurses) was anticipated in case of centralization of thrombolysis, based on expert 

judgment. Costs per ambulance ride include tariffs for emergency transport, EMS dispatch, and 

costs per driven kilometer. Costs for deployment of medical personnel per hour included a 39% 

bonus for social gratuity, holiday pay, and other. The six-month study period was extrapolated 

to one year assuming similar resource utilization serving 1602 patients. The costs in euros were 

adjusted to the current euro-dollar exchange index of 1.31 $US per 1 euro17.

Travel time and distance

Travel time and distance in case of centralization of thrombolysis treatment was performed by 

hypothetically transporting patients from the emergency site to the nearest facility offering 

thrombolysis. Only those patients transported by EMS were included in this analysis, because of 

availability of data on exact geographical locations for this group. In the scenario of centralization 

of thrombolysis, travel time and distance were calculated with the use of a Web-based route 

planner (http://route.anwb.nl/routeplanner/) as the product of estimated distances and projected 

travel speeds, consistent with strategies used in previous studies18,19. The values obtained by 

the Web-based route planner were corrected to represent real-world data, as the route planner 

does not account for faster driving speed achieved by ambulance transportation.

Outcomes measures

The primary end-points were mean and incremental costs per patient associated with all 

scenarios. Secondary end-points, using the simulation model, included estimations of the effects 

of centralization on thrombolysis rates, Onset-Treatment-Time (OTT) because the efficacy of 

thrombolysis is time-dependent20, and additional travel time.

Analysis

Costs were assessed separately and presented as means with their corresponding 95% CIs for all 

scenarios. Travel times and distances were presented as medians with their corresponding 95% 

CIs. Mann-Whitney U and Fisher’s exact tests were performed for continuous and categorical 

variables. SPSS 20.0 for Windows software package (Chicago, IL) was used. A p-value < 0.05 was 

considered statistically significant.
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Results

In the former prospective study, the difference in thrombolysis rates between centralized- and 

decentralized stroke care setting was 7.8% (21.9% and 14.1%, respectively)8. The costs associated 

with resource use along the stroke pathway for fixed and variable costs are presented in Table 1.

Primary outcomes

Improving stroke care at community hospitals separately led to incremental annual mean costs 

per patient ranging between $US 451 and 633 per patient, at a mean of $US 2,128 (95% CI, 

1,129 – 3,176), compared to $US 1,677 (95% CI, 685 – 2,732) when centralizing thrombolysis in 

four, and $US 1,495 (95% CI, 507 – 2,554) in two community hospitals (P<0.01), respectively.

Table 1. Mean costs associated with resource utilization.

Resource Unit costs (USD) Source

Variable costs

General practitioner (costs per patient)
Telephonic consultation
Visit by general practitioner

$36.68
$56.33

[1]

Emergency medical services transport
Emergency transport
Dispatch
Per driven kilometer

$882.00
$71.00
$5.00

[2]

Medical personnel ER visit
Medical specialist (15 minutes)
Resident (1 hour)
Nurse (1 hour)

$44.38
$36.48
$35.04

[1]

Outpatient clinic visit $75.75 [1]

CT scan $190.00 [3]

Central laboratory (per test) $27.10 [4]

Alteplase $994.96 [5]

Fixed costs

Public education campaigns (range) $3,750 ($2,500 – $5,000) [6]

Staff education (range) $7,500 ($5,000 – $10,000) [6]

Computed tomography scan
Purchase computed tomography scan $1,310,000

[7]

USD indicates United States dollar.
[1] Health Care Insurance Board (CVZ)24; [2] Data from regional ambulance services Groningen; [3] Dirks et al, 
201225; [4] Claes et al, 200626; [5] www.medicijnkosten.nl; [6] Alberts et al, 201127; [7] http://medischcontact.
artsennet.nl/archief-6/tijdschriftartikel/76475/.htm.
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Table 2. Travel times and distances for the baseline case and centralization.

All patients Baseline Centralization  
(4 stroke centers)

Centralization 
(2 stroke centers)

Estimated travel time 

N 446 446 446

Median (IQR) 12 (2 – 33) 15 (2 – 35)† 19 (2 – 54)†

< 5 minutes (%) 86 (19) 67 (15) 51 (11)

5-25 minutes (%) 337 (76) 311 (70) 285 (64)

> 25 minutes (%) 23 (5) 68 (15) 110 (25)

Estimated travel distance

Median (IQR) 12 (1 – 31) 14 (1 – 31)*  17 (1 – 54)†

< 5 km (%) 140 (31) 122 (27) 106 (24)

5-25 km (%) 262 (59) 238 (53) 211 (47)

> 25 km (%) 44 (10) 86 (19) 129 (29)

Patients eligible for thrombolysis
Estimated travel time

N 175 175 175

Median (IQR) 11 (2 – 30) 21 (3 – 37)† 25 (4 – 48)†

< 5 minutes (%) 39 (22) 20 (11) 11 (6)

5-25 minutes (%) 134 (77) 108 (62) 80 (46)

> 25 minutes (%) 2 (1) 47 (27) 84 (48)

Estimated travel distance

Median (IQR) 11 (1 – 33) 20 (1 – 44)† 29 (1 – 57)†

< 5 km (%) 56 (32) 38 (22) 22 (13)

5-25 km (%) 100 (57) 76 (43) 49 (28)

> 25 km (%) 19 (11) 61 (35) 104 (59)

Patients treated with thrombolysis
Estimated travel time

N 94 94 94

Median (95% CI) 12 (2 – 31) 22 (3 – 39)† 25 (3 – 50)†

< 5 minutes (%) 22 (23) 9 (10) 7 (7)

5-25 minutes (%) 66 (70) 55 (59) 41 (44)

> 25 minutes (%) 6 (6) 30 (32) 46 (49)

Estimated travel distance

Median (95% CI) 12 (1 – 39) 22 (1 – 44)† 29 (1 – 57)†

< 5 km (%) 29 (31) 15 (16) 12 (13)

5-25 km (%) 53 (56) 43 (46) 29 (31)

> 25 km (%) 12 (13) 36 (38) 53 (56)

CI indicates confidence interval.
† P<0.01
* P<0.05
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Secondary outcomes

Additional travel time associated with centralization to four community hospitals ultimately was 

associated with a decrease in thrombolysis rate of 0.7%, from 22.4% to 21.7% (P=0.12), and an 

increase in OTT from 119.0 to 122.0 minutes (P<0.05). Centralizing thrombolysis treatment to 

two community hospitals decreased thrombolysis rate by 1.2%, from 22.4% to 21.2% (P<0.05), 

and increased OTT from 119.0 to 125.0 minutes (P<0.01).

Baseline travel times and distances in case of centralization are presented as medians with 

their 95% CIs in Table 2. Overall, centralization of thrombolysis treatment resulted in travel times 

of 15.0 (95% CI, 2.0 - 35.0) and 19.0 minutes (95% CI, 2.0 - 54.0) in case of four- and two 

community hospitals, respectively, compared to 12.0 minutes (95% CI, 2.0 - 33.0) in the baseline 

model (P<0.01). Travel distance increased to 14.0 (95% CI, 1 – 31) and 17.0 km (95% CI, 1.0 – 

54.0), respectively, compared to 12.0 km, 95% CI, 1.0 – 31.0) in the baseline model (P=0.01). 

Discussion

This study demonstrated that centralization of thrombolysis may lead to substantial annual 

cost-savings per patient compared to a scenario in which stroke care would be improved at all 

separate community hospitals. Mean costs were lowest when reducing the number of community 

hospitals offering thrombolysis from nine to two facilities. Centralization of thrombolysis was 

projected to lead to small, but statistically significant, negative effects on the proportion patients 

treated with thrombolysis and OTT, although thrombolysis rates are still higher than current 

decentralized care. This suggests that centralizing thrombolysis treatment should be accompanied 

by initiatives to reduce time delays in other parts of the chain of care; for example by reducing 

the door-needle-time. As no two facilities are the same, our analysis provides broadly applicable 

estimates for short-term costs associated with establishing and operating centralized stroke care 

at particular community hospitals.

Stroke center designation will impact on hospital services in several ways. First, available 

resources may be re-distributed if the hospital needs to purchase expensive equipment, hire 

more staff, or expand bed capacity. The question whether additional staff is needed to match an 

increase in patient volumes when thrombolysis treatment is centralized remains speculative, and 

further evidence is urgently needed. Assuming an annual 18% gain in thrombolysis candidates 

as a result of centralization, staff members may be deployed an additional 256 times, from 449 

(28% of 1602 annual stroke patients) to 705 (44% of 1602 patients). In case the appropriate 

equipment and staff are already available, changes may only be necessary in terms of the time 

of day staff will be on call, i.e. more hours into a stroke team. Improving coordination of care 

through stroke center designation reduces duplication of efforts and redundant diagnostic 

testing. In particular, less personnel, work hours, and materials are needed. Therefore limited 

hospital budgets only have to be spent once in a centralized setting instead of raising stroke care 
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at all community hospitals separately. Furthermore, being a stroke center likely will increase the 

use of other hospital departments and services, i.e. radiology and laboratory services, which may 

result in increased revenues 21.

Unavoidably centralization leads to longer travel times from the emergency site to the hospital 

offering thrombolysis. Yet, as demonstrated in a previously published study this can be largely 

compensated by shorter intra-hospital processes (door-to-needle time) of 35 minutes compared 

to 47 minutes in a decentralized model8. In addition, previous research showed that the door-

to-needle time may be further shortened to 20 minutes in optimized settings22. We assumed 

that despite centralizing stroke care may lead to a doubling of emergency rides by EMS; this 

would not require hiring additional EMS personnel or purchasing additional vehicles. However 

this remains a topic for further study.

Our study has limitations. First, costs associated with thrombolysis such as antithrombotic and 

lipid lowering medications were not part of the assessment and could therefore not be controlled 

for. Second, we mostly used tariffs rather than societal costs for our analyses. Also, the effects 

of improved patient outcomes on the frequency of informal (family) care should be assessed. An 

additional concern is the potential for traffic congestion which might influence estimated travel 

times in our study. However, all patients included in this study had access to 911-systems, and 

previous research indicated that traffic patterns only minimally affects ambulance travel times23.

Conclusions

Centralization of acute stroke care leads to substantially lower annual costs per patient compared 

to raising the level of stroke care at community hospital simultaneously. Small but statistically 

significant negative effects on thrombolysis rates and OTT may be expected compared to 

optimized decentral care, but centralization is still more effective than current decentralized 

stroke care.

References

(1) Truelsen T, Ekman M, Boysen G. Cost of stroke in Europe. Eur J Neurol . 2005;12 Suppl 1:78-84.

(2) Fagan SC, Morgenstern LB, Petitta A, Ward RE, Tilley BC, Marler JR, et al. Cost-effectiveness of 

tissue plasminogen activator for acute ischemic stroke. NINDS rt-PA Stroke Study Group. Neurology . 

1998;50:883-890.

(3) Tung CE, Win SS, Lansberg MG. Cost-effectiveness of tissue-type plasminogen activator in the 3- to 

4.5-hour time window for acute ischemic stroke. Stroke . 2011;42:2257-2262.

(4) Adeoye O, Hornung R, Khatri P, Kleindorfer D. Recombinant tissue-type plasminogen activator use for 

ischemic stroke in the United States: a doubling of treatment rates over the course of 5 years. Stroke . 

2011;42:1952-1955.

Lahr.indd   103 4-10-2013   13:48:21



104  |  Chapter 7

(5) Wardlaw JM, Sandercock PA, Murray V. Should more patients with acute ischemic stroke receive 

thrombolytic treatment? BMJ . 2009;339:b4584.

(6) Bauer A, Limburg M, Visser MC. Variation in clinical practice of intravenous thrombolysis in stroke in 

the Netherlands. Cerebrovasc Dis Extra . 2013;3:74-77.

(7) Waite K, Silver F, Jaigobin C, Black S, Lee L, Murray B, et al. Telestroke: a multi-site, emergency-based 

telemedicine service in Ontario. J Telemed Telecare . 2006;12:141-145.

(8) Lahr MM, Luijckx GJ, Vroomen PC, van der Zee DJ, Buskens E. Proportion of Patients Treated 

With Thrombolysis in a Centralized Versus a Decentralized Acute Stroke Care Setting. Stroke . 

2012;43(5):1336-1340.

(9) Meretoja A, Roine RO, Kaste M, Linna M, Roine S, Juntunen M, et al. Effectiveness of primary and 

comprehensive stroke centers: PERFECT stroke: a nationwide observational study from Finland. Stroke 

. 2010;41:1102-1107.

(10) Guzauskas GF, Boudreau DM, Villa KF, Levine SR, Veenstra DL. The cost-effectiveness of primary 

stroke centers for acute stroke care. Stroke . 2012;43:1617-1623.

(11) Demaerschalk BM, Hwang HM, Leung G. Cost analysis review of stroke centers, telestroke, and rt-PA. 

Am J Manag Care . 2010;16:537-544.

(12) Tissue plasminogen activator for acute ischemic stroke. The National Institute of Neurological 

Disorders and Stroke rt-PA Stroke Study Group. N Engl J Med . 1995;333:1581-1587.

(13) Plant Simulation. Siemens PLM 2012. Available at: http://www.plm.automation.siemens.com/en_us/

products/tecnomatix/plant_design/plant_simulation.shtml. Accessed July 31, 2013.

(14) Lahr M, van der Zee D, Luijckx G, Vroomen P, Buskens E. A simulation based approach for improving 

utilization of thrombolysis in acute brain infarction. Medical Care . 2013: Published ahead of print 

August 9, 2013.

(15) Law AM, Kelton WD. Simulation modelling and analysis. 4th ed. : McGraw-Hill; New York 2007.

(16) The Dutch Healthcare Authority [Dutch]. 2010. Available at: http://www.nza.nl/regelgeving/

beleidsregels/langdurende-ggz/CA-165. Accessed July 31, 2013.

(17) European Central Bank 2013. Available at: http://www.ecb.int/stats/exchange/eurofxref/html/

eurofxref-graph-usd.en.html. Accessed July 31, 2013.

(18) Nallamothu BK, Bates ER, Wang Y, Bradley EH, Krumholz HM. Driving times and distances to hospitals 

with percutaneous coronary intervention in the United States: implications for prehospital triage of 

patients with ST-elevation myocardial infarction. Circulation . 2006;113:1189-1195.

(19) Nedeltchev K, Arnold M, Brekenfeld C, Isenegger J, Remonda L, Schroth G, et al. Pre- and in-hospital 

delays from stroke onset to intra-arterial thrombolysis. Stroke . 2003;34:1230-1234.

(20) Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, et al. Time to treatment with 

intravenous alteplase and outcome in stroke: an updated pooled analysis of ECASS, ATLANTIS, 

NINDS, and EPITHET trials. Lancet . 2010;375:1695-1703.

(21) Demaerschalk BM, Yip TR. Economic benefit of increasing utilization of intravenous tissue plasminogen 

activator for acute ischemic stroke in the United States. Stroke . 2005;36:2500-2503.

Lahr.indd   104 4-10-2013   13:48:21



Centralizing thrombolysis treatment in decentralized stroke care systems  |  105

7

(22) Meretoja A, Strbian D, Mustanoja S, Tatlisumak T, Lindsberg PJ, Kaste M. Reducing in-hospital delay 

to 20 minutes in stroke thrombolysis. Neurology . 2012;79:306-13

(23) Branas CC, MacKenzie EJ, Williams JC, Schwab CW, Teter HM, Flanigan MC, et al. Access to trauma 

centers in the United States. JAMA . 2005;293:2626-2633.

(24) College van Zorgverzekeraars. Handleiding voor kostenonderzoek [Dutch]. 2010. Available at www.

cvz.nl. Accessed July 31, 2013.

(25) Dirks M, Baeten SA, Dippel DW, van Exel NJ, van Wijngaarden JD, Huijsman R, et al. Real-life costs and 

effects of an implementation program to increase thrombolysis in stroke. Neurology . 2012;79:508-

514.

(26) Claes N, Moeremans K, Frank B, Jef A, Jos V, Herman VL, et al. Estimating the cost-effectiveness of 

quality-improving interventions in oral anticoagulation management within general practice. Value 

Health . 2006;9:369-376.

(27) Alberts MJ, Latchaw RE, Jagoda A, Wechsler LR, Crocco T, George MG, et al. Revised and updated 

recommendations for the establishment of primary stroke centers: a summary statement from the 

brain attack coalition. Stroke . 2011;42:2651-2665.

Lahr.indd   105 4-10-2013   13:48:21



Lahr.indd   106 4-10-2013   13:48:21




