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ORIGINAL RESEARCH

Geographical Requirements for the 
Applicability of the Results of the RACECAT 
Study to Other Stroke Networks
Florian A. F. Schuler , MD, PhD; Marc Ribó , MD; Nelly Dequatre- Ponchelle, MD; Jan Rémi, MD; 
Tomas Dobrocky , MD; Martina B. Goeldlin , MD; Jan Gralla , MD, MSc; Johannes Kaesmacher , MD; 
Thomas R. Meinel , MD; Pasquale Mordasini, MD; David J. Seiffge , MD; Urs Fischer , MD, MSc; 
Marcel Arnold , MD; Georg Kägi , MD; Simon Jung, MD

BACKGROUND: The RACECAT (Transfer to the Closest Local Stroke Center vs Direct Transfer to Endovascular Stroke Center 
of Acute Stroke Patients With Suspected Large Vessel Occlusion in the Catalan Territory) trial was the first randomized trial 
addressing the prehospital triage of acute stroke patients based on the distribution of thrombolysis centers and intervention 
centers in Catalonia, Spain. The study compared the drip- and- ship with the mothership paradigm in regions where a local 
thrombolysis center can be reached faster than the nearest intervention center (equipoise region). The present study aims to 
determine the population- based applicability of the results of the RACECAT study to 4 stroke networks with a different degree 
of clustering of the intervention centers (clustered, dispersed).

METHODS AND RESULTS: Stroke networks were compared with regard to transport time saved for thrombolysis (under the drip- 
and- ship approach) and transport time saved for endovascular therapy (under the mothership approach). Population- based 
transport times were modeled with a local instance of an openrouteservice server using open data from OpenStreetMap.The 
fraction of the population in the equipoise region differed substantially between clustered networks (Catalonia, 63.4%; France 
North, 87.7%) and dispersed networks (Southwest Bavaria, 40.1%; Switzerland, 40.0%). Transport time savings for throm-
bolysis under the drip- and- ship approach were more marked in clustered networks (Catalonia, 29 minutes; France North, 
27 minutes) than in dispersed networks (Southwest Bavaria and Switzerland, both 18 minutes).

CONCLUSIONS: Infrastructure differences between stroke networks may hamper the applicability of the results of the RACECAT 
study to other stroke networks with a different distribution of intervention centers. Stroke networks should assess the popu-
lation densities and hospital type/distribution in the temporal domain before applying prehospital triage algorithms to their 
specific setting.
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With the introduction of time- critical reperfusion 
therapies for acute ischemic stroke, the pre-
hospital phase of the treatment workflow with 

the organization of stroke care networks has become 

more important.1 In the region around a thrombolysis 
center (TC) where transport times to TC are shorter 
than those to the nearest intervention center (IC, equi-
poise region), a prehospital triage policy is needed to 

Correspondence to: Florian A. F. Schuler, MD, PhD, Department of Neurology, Inselspital, Bern University Hospital, University of Bern, CH- 3010 Bern, 
Switzerland. Email: florianschuler@gmx.ch

This article was sent to Luciano A. Sposato, MD, MBA, FRCPC, Associate Editor, for review by expert referees, editorial decision, and final disposition.

Supplemental Material is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.123.029965

For Sources of Funding and Disclosures, see page 10.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

See Editorial by Royan and Meurer.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 3, 2023

https://orcid.org/0009-0003-7143-3110
mailto:
https://orcid.org/0000-0001-9242-043X
https://orcid.org/0000-0002-6167-3343
https://orcid.org/0000-0001-5800-116X
https://orcid.org/0000-0003-1953-9033
https://orcid.org/0000-0002-9177-2289
https://orcid.org/0000-0002-0647-9273
https://orcid.org/0000-0003-3890-3849
https://orcid.org/0000-0003-0521-4051
https://orcid.org/0000-0002-4274-4644
https://orcid.org/0000-0001-7749-8060
mailto:florianschuler@gmx.ch
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.029965
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.123.029965&domain=pdf&date_stamp=2023-10-13


J Am Heart Assoc. 2023;12:e029965. DOI: 10.1161/JAHA.123.029965 2

Schuler et al Population- Based Transport Time Savings

guide the patients to the right hospital without unnec-
essary delays if a large- vessel occlusion is suspected.2 
In this equipoise region, it is not clear whether the 
mothership paradigm with the shorter time delay to en-
dovascular therapy (EVT) is better or the drip- and- ship 
paradigm3 with the shorter time delay to intravenous 
thrombolysis.

Several modeling studies aiming to improve the 
prehospital triage of patients with a suspected acute 
stroke were either performed in an abstracted scenar-
io4– 9 or with actual transport times, either from coordi-
nates or from actual stroke patients.10– 20 Some studies 
employ a population- based strategy incorporating 
also detailed population census.21– 26 However, these 
studies are restricted to the additional time to an IC as 
compared with the TC. These time differences are the 
transport time savings for intravenous thrombolysis, 
whereas the transport time savings for EVT, which in-
corporates also the time of the secondary transfer from 
the TC to the IC, are underrepresented in these stud-
ies. In addition, these heterogeneous modeling studies 
were not able to answer the question of ideal triage in 
the equipoise region due to their study designs.

The first randomized controlled trial comparing the 
mothership with the drip- and- ship approach in pa-
tients in the equipoise region and with suspected large 
vessel occlusion (Rapid Arterial Occlusion Evaluation 
score >4) has been conducted in the stroke network 
of Catalonia (RACECAT [Transfer to the Closest Local 

Stroke Center vs Direct Transfer to Endovascular Stroke 
Center of Acute Stroke Patients With Suspected Large 
Vessel Occlusion in the Catalan Territory] study).27 In 
the RACECAT study, no differences were found in the 
outcome between the mothership and drip- and- ship 
approach.28

Because the results of the RACECAT study are based 
on the individual regional distribution of TCs and ICs in 
Catalonia and because of different arrangements/lay-
out of the ICs and TCs, it remains unknown whether the 
triage of patients with suspected large vessel occlusion 
by the Rapid Arterial Occlusion Evaluation score can be 
directly applied to other stroke networks or whether the 
same randomized controlled trial would have had posi-
tive results in other networks where ICs are geographi-
cally more distributed. Indeed, the clustering of ICs has 
been discussed before in King County in the state of 
Washington, where all ICs are clustered near Seattle.22 
In the assumption that with appropriate measures, the 
variables of in- hospital workflow (Figure 1) can poten-
tially be harmonized, the transport times remain a criti-
cal time variable due to the different road infrastructure 
that cannot easily be modified.

Therefore, the aim of this study was to analyze the 
potential impact of different regional network distribu-
tions of TCs and ICs on the population- based trans-
portation times in 4 well- known stroke networks. The 
critical measures for the transferability of the results are 
the fraction of the population in the equipoise region 
and the population density distribution in the temporal 
domain.

METHODS
In this study, we compared transport metrics in com-
munes of 4 different stroke networks based on trans-
port time measurements to the nearest TC and IC in 
different logistic strategies. Transport metrics were 
weighted by the proportion of the inhabitants living 
in the respective commune. Primary outcome meas-
ure was the fraction of the population in the equi-
poise region. Secondary outcome measures were the 
transport time savings in the drip- and- ship and in the 
mothership approach.

The authors declare that all supporting geographi-
cal and demographic data are available as open data 
in the following sources and that all further information 
is available within the article and its online supplemen-
tary files. Cartographic information and population 
statistics were downloaded from publicly available da-
tabases from official institutions (Institut Cartogràfic i 
Geològic de Catalunya, Dades obertes, Generalitat de 
Catalunya, Spain; statistical office of the European Union 
Eurostat, Institut national de la statistique et des études 
économiques, France; Landesamt für Digitalisierung, 

CLINICAL PERSPECTIVE

What Is New?
• Prehospital and interhospital modeled transport 

times are different in stroke networks depend-
ing on the degree of clustering of the interven-
tion centers.

What Are the Clinical Implications?
• Stroke networks should assess the population 

densities and hospital type/distribution in the 
temporal domain before applying prehospital 
triage algorithms to their specific setting.

• The methods can be transferred to networks of 
treating cardiac infarction.

Nonstandard Abbreviations and Acronyms

EVT endovascular therapy
IC intervention center
TC thrombolysis center
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Breitband und Vermessung, Bavaria, Bayerisches 
Landesamt für Statistik, Germany; Federal Statistical 
Office, ThemaKart 2020, Switzerland). To determine 
transport times, a local instance of an openrouteser-
vice server (HeiGIT gGmbH at Heidelberg University, 
Germany) was run based on data from OpenStreetMap 
downloaded from geofabrik.de. The assumed velocities 
can be found in Table S1. The 2 referral paradigms drip- 
and- ship and mothership approach were assessed.

The entire population of 4 stroke networks was 
assessed. In 2 stroke networks (Catalonia, Spain; 
France North, France), ICs are geographically clus-
tered (clustered stroke network), whereas in the other 
2 stroke networks (Southwest Bavaria, Germany29; 
Switzerland), ICs are geographically distributed (dis-
persed stroke network). The limits of the stroke net-
works (Data  S1) were defined restrictively to avoid a 
scenario in which a part of the population has a faster 
transport time to an external TC or IC.

Hospitals with round- the- clock availability of imag-
ing and thrombolysis were classified as TCs, irrespec-
tive of the fact whether there is a certified stroke unit in 
the same hospital or not. Some of them provide acute 
neurological care in a telemedicine setting. Hospitals 
with additional round- the- clock availability of EVT were 
classified as ICs, irrespective of the certification sta-
tus. To allow a conclusion about the applicability of 
the RACECAT study results, other factors such as the 

certification status of a hospital or triage protocols/
hospital alliances were not accounted for.

The degree of clustering in the stroke networks was 
assessed with the average nearest neighbor (ANN) 
index.30 For compatibility with the area in km2, the dis-
tance of the nearest neighbor was determined in airline 
distance. The ANN index is the ratio between the ANN 
and the expected mean distance in a random pattern, 
0.5
√

n

A

, where n is the number of ICs, and A is the area of 
the stroke network, neglecting border effects of the ir-
regular shaped regions.30 The cutoff of the ANN index 
is 1 (complete spatial randomness). An ANN index of 0 
to 1 indicates a clustered pattern, whereas an ANN>1 
indicates a more dispersed pattern than complete spa-
tial randomness. If there is only 1 IC (France North), the 
ANN index is undefined.

Transport times were determined on road from each 
commune (centroid, provided in the publicly available 
database) to each TC and each IC in the stroke net-
work to determine the nearest TC and the nearest IC. 
In this article, the terms nearest TC and nearest IC are 
used for the shortest transportation time, not for the 
spatial distance. Furthermore, for each TC, the corre-
sponding IC was defined as the one with the shortest 
secondary (interfacility) transport time. The nearest IC 
of a commune did not need to be the same as the one 
corresponding to the nearest TC, as depicted in the 
example in Figure 2 on the right side of panel A. Air 

Figure 1. Components of the overall time savings.
For thrombolysis, the overall time saving (black) is the same as the transport time saving 
(hatched purple). For EVT, the overall time saving can be split into the transport time 
saving (hatched purple) and the in- hospital time saving (hatched orange). Note that 
the door- to- groin time in the drip- and- ship approach is shorter than in the mothership 
approach because of the preannouncement and the potential withholding from a repeat 
imaging.3,34 In this study, we assessed the transport time saving in detail and assumed a 
constant in- hospital time saving. DaS indicates drip- and- ship; DGT, door- to- groin time; 
DIDO time, door- in- door- out time; DNT, door- to- needle time (assumed to be the same in 
TC and in IC); EVT, endovascular therapy; IC, intervention center; MoS, mothership; and 
TC, thrombolysis center. In stroke networks where the DNT in ICs differs from the DNT in 
TCs, an analog hatched orange bar can be defined for the time to thrombolysis.

Components of overall time savings
Time to thrombolysis:

drip-and-ship transp. TC DNT

mothership transport to IC DNT

transport time saving

overall time saving
=

Time to EVT:

drip-and-ship transp. TC DIDO time transfer time DGTDaS
mothership transport to IC DGTMoS

overall time saving

transport times
drip-and-ship transp. TC transfer time

mothership transport to IC

transport time saving

in-hospital times
DIDO time DGTDaS

DGTMoS
constant

in-hospital
time saving

constant+ =
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transportation was not considered because it depends 
on availability and weather conditions (for discussion of 
the drip- and- drive paradigm see Discussion).

Statistical Analysis
As a sensitivity analysis and to assess the error intro-
duced by the assumption that the population resides in 
the centroid of each commune, all 145 private addresses 
in the Swiss telephone directory of all 12 combinations 
of the 4 common first names Eva, Ines, Francesco, and 

Mauro with the 3 common last names Müller, Schmid, 
and da Silva were retrieved. The 3 last names were se-
lected because they are the only ones in the top 100 
in each of the 4 language region of Switzerland to en-
sure coverage of all language regions. For selecting the 
4 first names the normalized dot- product of the name 
frequency per age (resolution 1 year) with the whole pop-
ulation per age (resolution 1 year) was assessed to en-
sure coverage of all age classes. The 2 selected female 
names and the 2 selected male names had the highest 
normalized dot- product, respectively, all >0.95. Hence, 

Figure 2. Explanation of the approach of the population- based transport time 
assessment and the population density in the temporal domain through a schematic 
imaginary stroke network with 2 TCs, 2 ICs, and 10 individuals living distributed 
across 4 communes of 1, 2, 3, and 4 inhabitants.
A, Temporospatial plane with schematic layout of the simplified imaginary stroke network 
of 2 TCs and 2 ICs, with 4 communes. Transport times are plotted as distance in the figure. 
Gray shading, equipoise region where a TC can be reached faster than the nearest IC. 
Green shading, region where an IC can be reached faster than any TC. Arrows, routing for 
reperfusion therapies. Note that the drip- and- ship approach and the mothership approach 
can end in 2 different ICs, as in the right part of the panel. B, Population densities in the 
temporal domain for the population in panel A. Left, transport time to thrombolysis with 
time to IC (mothership approach) vs time to TC (drip- and- ship approach). Right, transport 
time to EVT with time to TC+time of the secondary transfer (drip- and- ship approach) vs 
time to IC (mothership approach). Note that the commune with a population of 3 is not 
represented in panel B because it is not located in the equipoise region. The hatched 
orange bar is the in- hospital time saving, same as in Figure 1. The plots in panel B can also 
be read along the diagonal depicted with the gray and white arrows. When reading along 
the diagonal depicted with the white arrow, it becomes clear that for the population of 2 
(white), the transport time saving for thrombolysis under the drip- and- ship approach (left 
subpanel) is larger than the transport time saving for EVT under the mothership approach 
(right subpanel). This asymmetry in time saving is inverse for the population of 4 (red). 
EVT indicates endovascular therapy; IC, intervention center; and TC, thrombolysis center.
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these first names are popular across all age categories. 
Of the 145 addresses in the telephone directory, 62 were 
in the equipoise region. Median driving time from these 
62 addresses to the centroid of the respective commune 
was 2.9 minutes (2.1– 4.2 minutes, interquartile range) as 
determined with GraphHopper Routing Engine.

Time definitions are depicted in Figure 1. Time saving 
for thrombolysis under the drip- and- ship approach was 
defined as the time to the IC— time to the TC. Time sav-
ing for EVT under the mothership approach was defined 
as the time to the TC+transport time of the secondary 
transfer— time to the IC. For the population- based assess-
ments, all transport times and time savings were weighted 
with the number of the population with residence in the 
considered commune. Time bins for histograms were 
5 minutes. Analyses were carried out in Python.

The study did not use individual patient data and, 
therefore, there was no need for approval by an ethics 
committee or informed consent.

RESULTS
The main results are listed in the Table. In the 4 stroke 
networks, a total of 28 ICs and 70 TCs were identi-
fied. The stroke networks displayed a broad range of 
geographical clustering of ICs. In the dispersed stroke 
networks (Southwest Bavaria, Switzerland), the ANN 
index was above the cutoff value of 1, in contrast to 
clustered stroke networks (Catalonia, ANN index <1; 
France North, only 1 IC). The fraction of the popula-
tion in the equipoise region was higher in the clustered 
stroke networks than in the dispersed stroke networks. 
The stroke network maps and the population densi-
ties in the temporal domain can be found in Figure 3 
(Catalonia), Figure  S1 (France North), Figure  S2 
(Southwest Bavaria), and Figure 4 (Switzerland).

When comparing the population- based transport 
times in all 4 stroke networks (Figure 5), the stroke net-
work of Catalonia had the largest transport times to 
an IC, whereas Switzerland had the largest transport 
times to a TC. In the analysis of transport time sav-
ings, the clustered stroke networks (Catalonia, France 
North) had larger time savings for thrombolysis under 
the drip- and- ship approach than the dispersed stroke 
networks (Southwest Bavaria, Switzerland). This dif-
ference was evident over a wide range of transport 
times in the population density in the temporal domain 
(Figures 3C and 4C). In contrast, transport time sav-
ings for EVT under the mothership approach were sim-
ilar in all assessed stroke networks (Figure 5).

DISCUSSION
In the population- based assessment of transport 
times at commune resolution, the comparison of 

clustered stroke networks (Catalonia, France North) 
and dispersed stroke networks (Southwest Bavaria, 
Switzerland) revealed marked differences with regard 
to time delays or time savings until treatment. First, the 
percentage of the population living in the equipoise re-
gion was higher in clustered stroke networks; thus the 
results of the RACECAT study are applicable to a larger 
part of the population in these networks. Second, 
transport time savings for thrombolysis under the drip- 
and- ship approach were more marked in clustered 
stroke networks. In contrast, transport time savings for 
EVT under the mothership approach were similar in all 
assessed stroke networks.

The larger transport time savings for thrombolysis 
due to the clustering of ICs may have a major effect on a 
randomized trial between the mothership and the drip- 
and- ship approach or even may be the main reason 
why the superiority end point in the RACECAT study 
was not met. Hence, it is uncertain whether the results 
of the RACECAT trial are applicable to stroke networks 
with geographically distributed ICs, where the benefits 
of the mothership approach would be arguably more 
pronounced. In the stroke network of Denmark, where 
another randomized trial is being performed (TRIAGE- 
STROKE [Treatment Strategy in Acute Large Vessel 
Occlusion: Prioritize IV or Endovascular Treatment]), 
ICs are indeed geographically more distributed.31

In previous population- based studies with actual 
transport times21– 26 the assessment of the transport 
time savings was often limited to the additional time 
to an IC as compared with the TC. This time saving 
represents the time saving for thrombolysis under the 
drip- and- ship approach. Our study includes the cal-
culation of transport time savings for EVT under the 
mothership approach, which takes into account also 
the transport time of the secondary (interfacility) trans-
fer, because the effect of the time savings for EVT on 
stroke outcome is large.32,33 In addition, we decided 
to weight all transport times with the actual popula-
tion living there (population- based analysis) because 
it reflects timely access to acute stroke therapies 
most accurately. Because the elapsed time before 
the reperfusion therapy is the critical measure, not the 
geographical/spatial domain, we chose the temporal 
domain for the assessment of the population density. 
This temporal domain is relevant for the applicability of 
the results of the randomized study RACECAT to other 
stroke networks. The time savings for thrombolysis 
were similar in our study and in the RACECAT study.28

The clustering of IC should not be viewed as a di-
chotomized feature but as a continuum based on the 
temporal population densities, quantified by the ANN 
index. Hence, our study results are relevant for all 
stroke networks.

For the interpretation of our results and comparison 
with observational data it has to be kept in mind that 
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the overall transport time saving for EVT also has an 
in- hospital component (Figure 1). This may be a rea-
son for the time saving for EVT of 91 minutes in the 
multicenter observational study STRATIS (Systematic 
Evaluation of Patients Treated With Stroke Devices for 
Acute Ischemic Stroke).34 Differences in time savings 
may also be due to different geographical settings and 
to different means of transport. In particular, time de-
lays due to long door- in- door- out times may hamper 
the benefit of the drip- and- ship approach in networks 
with geographically distributed ICs. Also, the hetero-
geneity of the equipoise regions in our study chal-
lenges a fixed triage according to the drip- and- ship 
or the mothership approach and favors an individual 
approach according to the saved transport times in 

consideration also of individual clinical characteristics. 
Here, it also has to be considered that the population 
in the equipoise region is potentially vulnerable to mis-
takes in triage choice and that this population is larger 
in the clustered scenario of ICs.

Several modeling studies aiming to improve the 
prehospital triage of patients with a suspected acute 
stroke were performed in an abstract spatiotemporal 
scenario.4– 9 To make these abstract models more real-
istic, our data of the transport times can be taken as a 
source of population- based data to improve the validity 
of the modeling studies in an abstract spatiotemporal 
scenario.

Our study assessed the referral paradigms of the 
drip- and- ship and the mothership approach in the 

Table. Comparative Features of 4 Stroke Networks

Stroke network Catalonia France North Southwest Bavaria Switzerland

Area 32 100 km2 12 400 km2 21 800 km2* 40 200 km2†

Number of communes 947 1539 688* 2202

Number of ICs 6 1 11 10

Number of TCs 22 15 18 15

Figure number 3 S1 S2 4

Number of ICs in a cluster 6 (Barcelona/Badalona) Only IC located in Lille 5 (Munich) 2 (Zurich)

Average nearest neighbor between 
ICs

4.8 km Undefined 26.7 km 48.5 km

Average nearest neighbor ratio 
(index, spatial clustering)

0.13 Undefined 1.20 1.53

Population- based transport time analysis

Total population 7 675 217 4 072 977 5 587 693 8 606 033

Population in the equipoise region 4 862 801 (63.4%) 3 573 106 (87.7%) 2 241 106 (40.1%) 3 442 482 (40.0%)

Equipoise region

Maximum population density for 
thrombolysis time saving (panel 
C of Figures 3 and 4, Figures S1 
and S2)

20– 24.9 min to IC and 
10– 14.9 min to TC

20– 24.9 min to IC and 5– 
9.9 min to TC

30– 34.9 min to IC and 20– 
24.9 min to TC

25– 29.9 min to IC 
and 0– 4.9 min to TC

Maximum population density 
for EVT time saving (panel D of 
Figures 3 and 4; Figures S1 and 
S2)

25– 29.9 min total 
transport to IC and 20– 
24.9 min direct transport 
to IC

45– 49.9 min total transport 
to IC and 40– 44.9 min direct 
transport to IC

40– 44.9 min total transport 
to IC and 35– 39.9 min direct 
transport to IC

30– 34.9 min total 
transport to IC and 
25– 29.9 min direct 
transport to IC

Median time to the nearest IC 
(column 1 of Figure 5)

46.2 min (25.6– 71.9 min, 
IQR)

41.1 min (28.1– 56.8 min, IQR) 35.0 min (27.5– 42.7 min, IQR) 39.2 min (29.8– 
53.6 min, IQR)

Median time to the nearest TC 
(column 2 of Figure 5)

15.3 min (5.9– 21.5 min, 
IQR)

13.6 min (9.1– 19.9 min, IQR) 18.9 min (12.0– 23.3 min, IQR) 21.0 min (13.4– 
30.5 min, IQR)

Median total transport time to the 
corresponding IC of the nearest 
TC (column 3 of Figure 5)

55.0 min (39.0– 87.4 min, 
IQR)

52.7 min (41.3– 72.8 min, IQR) 51.9 min (43.4– 59.6 min, IQR) 57.6 min (45.9– 
74.4 min, IQR)

Median saved time for 
thrombolysis under the drip- 
and- ship approach (column 4 of 
Figure 5)

29.0 min (13.7– 55.1 min, 
IQR)

26.7 min (15.7– 38.8 min, IQR) 17.5 min (9.1– 25.6 min, IQR) 17.6 min (8.7– 
31.7 min, IQR)

Median saved time for EVT under 
the mothership approach (column 
5 of Figure 5)

9.8 min (5.7– 18.6 min, 
IQR)

10.4 min (6.0– 17.8 min, IQR) 13.3 min (7.7– 22.3 min, IQR) 13.1 min (8.0– 
23.2 min, IQR)

Comparative features of 4 stroke networks: Catalonia, France North, Southwest Bavaria, and Switzerland. See also Data S1 for definitions. EVT indicates 
endovascular therapy; IC, intervention center; IQR, interquartile range; and TC, thrombolysis center.

*Including 359 km2 in 20 backcountry areas (“gemeindefreie Gebiete”).
†Excluding major lakes.
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same way as in the RACECAT study. However, the cal-
culated transport times can be used also for the mo-
bile stroke unit35 and for the drip- and- drive paradigm, 
where the transport directions simply are in opposite 
direction (from the IC to the TC).

Several limitations of our study need to be con-
sidered. First, the analysis is limited to ground trans-
portation. Also in several other studies, only ground 
transportation is accounted for.25 Particularly for the 

areas with the longest time to TC in Switzerland, he-
licopter is often the preferred option, as long as en-
vironmental conditions allow it. Second, time from 
ambulance dispatch until arrival at scene is not consid-
ered. Third, our analysis is not valid for urban regions 
where TCs and ICs are mixed because in the large cit-
ies in our study, there are only ICs. Fourth, the results 
may not be valid for stroke networks in other countries. 
For instance, in the United States transport times are 

Figure 3. Population- based analysis of transport times in the stroke network of Catalonia, Spain.
A, Map of the municipalities (communes) in the stroke network. The 6 ICs are clustered in Barcelona/Badalona, whereas the 22 TCs 
are geographically distributed. The transport times to the nearest TC are indicated with colors for the equipoise region only (region 
where transport to a TC is shorter than to an IC). B, Proportion of the population in the equipoise region. C, Population density in the 
temporal domain for the transport time to thrombolysis (time to IC for the mothership approach vs time to TC for the drip- and- ship 
approach). D, Population density in the temporal domain for the transport time to EVT (time to TC+secondary transfer for the drip- 
and- ship approach vs time to IC for the mothership approach). For panels (C and D), only the equipoise region was analyzed. EVT 
indicates endovascular therapy; IC, intervention center; and TC thrombolysis center. Map derived from Cartographic and Geological 
Institute of Catalonia (ICGC), Spain.
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outside the range of transport times we assessed in 
our analysis.26 Fifth, situational traffic delays11 were not 
accounted for in our study. Sixth, only the number of 
the population in general is considered, not the popu-
lation at high risk of stroke and nonresidents suffering a 
stroke in the region of the stroke network. Seventh, we 
did not assess overcrowding at the IC due to overtri-
age. However, our data serve as a foundation for well- 
designed triage policies.

Our study has several strengths. First, it is a 
population- based study. Second, it is independent of 

assumptions on delays of in- hospital workflow. Third, 
it is independent of time windows for time- critical 
reperfusion therapies, a changing concept. Fourth, 
the population densities in the temporal domain can 
also be used for the drip- and- drive paradigm (dis-
cussed previously). Fifth, commune resolution in our 
study was important to make sure that granularity 
is fine enough to match with the population statis-
tics. Sixth, it is independent of a prehospital clinical 
score to predict large- vessel occlusion, although pre-
hospital scores can help triage decisions. Seventh, 

Figure 4. Population- based analysis of transport times in the stroke network of Switzerland.
A, Map of the communes in the stroke network. The 10 ICs and the 15 TCs are geographically distributed with the exception of a 
cluster in Zurich. Rest (B– D) as in Figure 3. Note different time scales in panels (C and D) than in Figure 3. Map derived from Federal 
Statistical Office, Switzerland. IC indicates intervention center; and TC thrombolysis center.
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the study is based on the open- source software 
OpenStreepMap and independent of proprietary 
software.

CONCLUSIONS
Our quantitative population- based data show that the 
infrastructure differences in the stroke networks may 
hamper the applicability/generalizability of the results 
of the RACECAT study to stroke networks without 
a marked clustering of ICs. We suggest that stroke 
networks assess the population densities and hos-
pital type/distribution in the temporal domain before 
implementing the results of the RACECAT study in 
their territory. In addition, the results of another ran-
domized trial (TRIAGE- STROKE), which is performed 

in Denmark,31 will deliver further evidence for optimal 
patient triage.
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