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Introduction: Telestroke care is likely not inferior to face-to-face care in acute
stroke management while it also provides rural sites with access to specialist
expertise. However, little is known about the distribution and activity of telestroke
networks across Europe. Consequently, the European Stroke Organization (ESO)
Telestroke Committee aimed to address this through an online questionnaire.

Methods: The questionnaire was developed through an unstructured consensus
process, ratified by the ESO Executive Committee, and emailed to ESO members.

Results: Of 2,147 ESO members contacted, complete data sets were submitted
on 25 networks from 10 countries. Among the 25 networks, the mean number
of hubs per network was 1.6 (SD 1.2), and the mean number of spokes was 9 (SD
6.7), with considerable variability observed (range 2—24 spokes/network). All sites
used audiovisual communication. The mean telemedicine consultations per year
per site was 197 (SD 164). The primary reason for consultation was “diagnostic
and triage purposes” in all but one network. The median number of strokes per
site was 175 (interquartile range 192), and the mean intervention rate was 12.3%
(SD 10; thrombolysis or thrombectomy).

Conclusion: At 25 networks, this survey probably underrepresents telestroke
activity across Europe, yet it is still the first study to provide a continent-wide
geographical footprint and report on activity within the networks. There was
considerable variability in network size and activity. Spoke sites reported an
acceptable intervention rate of 12.3%. This percentage compares favorably with
national data from European countries and suggests telestroke care supports
reasonable intervention rates.
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Introduction

Telestroke has, for many years, provided an alternative to face-to-face treatment
in hyper-acute stroke care (Bladin and Cadilhac, 2014). Randomized control trials,
observational studies, and meta-analyses have compared telestroke care to face-to-face
consultations and have consistently concluded it is likely not inferior to face-to-face acute
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care and results in similar adverse events (Meyer et al.,, 2008;
Baratloo et al., 2018; Wysocki et al., 2019). Moreover, telestroke
confers the obvious advantage of decentralizing acute care, possibly
benefiting onset-to-treatment times (Hubert et al., 2016).

Telestroke’s primary benefit lies in its ability to provide rural
populations with 24/7 access to otherwise unavailable stroke-
trained specialists (Kazley et al., 2012; Wu et al,, 2014). One-
quarter of European citizens live in rural areas, and disparities in
accessing specialized stroke care probably contribute to suboptimal
thrombolysis rates in regions within Europe [Europa, (n.d.)].
Establishing telestroke networks significantly enhances subsequent
intervention rates and thus has been recommended by Angels
initiatives (Miiller-Barna et al., 2014; Wilcock et al., 2021)*. To date,
local reimbursement and the availability of technology have proven
to be barriers to telestroke expansion; however, the changing
attitudes related to the pandemic at the European policy level and
more ubiquitous use of telecommunication software may provide a
favorable framework for expansion (Busti et al., 2021).

Much is unknown about the distribution and activity of
telestroke networks across Europe. A German publication on
network activity reports that networks are large, with median hubs
being 1.5 hubs and median spokes being 9. All appear to practice a
hub-and-spoke model of care and a drip-and-ship model (Barlinn
et al, 2021). A French meta-analysis of telestroke care reports
that all sites practiced a hub-and-spoke model (2-20 spokes per
network) and a drip-and-ship model (Ohannessian et al., 2020). A
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publication from Cambridge in the United Kingdom has reported
on an organically evolved parallel or “horizontal” model without
a clear hub site (Agarwal et al., 2014). Sporadic publications on
activity across Europe have provided a patchwork impression
of networks that may have evolved through iterative growth or
local drivers rather than a systematic approach (Barlinn et al,
2021; Busti et al.,, 2021). However, sporadic publications likely do
not represent Europe-wide telestroke activity. Consequently, the
Telestroke Committee of the European Stroke Organization (ESO)
followed its telestroke guideline publication with a telestroke survey
of all ESO members (Hubert et al., 2018). The aim was to map areas
of telemedicine activity, ascertain the nature of configuration and
activity, and provide network examples for those wishing to evolve
a new service.

Methods

The ESO Telestroke Committee developed an online
questionnaire over two online sessions, utilizing an unstructured
consensus process. Once finalized by the committee, the draft
questionnaire was reviewed by the ESO Executive Committee. The
survey requested information regarding the model and size of the
networks, whether audio and visual communication took place,
teleconsultation activity, and intervention rates in the networks
(see the Supplementary material for the data from the full survey).

Once ratified by the committee, it was promoted and
disseminated by directly emailing all ESO members and with

FIGURE 1
Location of telemedicine networks and number of spokes per network.
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an ESO social media launch. ESO members were requested
to complete an online form (https://survey.lamapoll.de/ESO_
Telestroke_Survey_2021). In addition, the committee wrote to the
national stroke leads within Europe. The survey was launched on
February 7, 2021, and remained accessible for 1 year. Incomplete
data submissions were individually followed up by the committee
members. Ethical approval was not sought for the present study
because the study participants were ESO members rather than
patients and because consent was implied through response to our
email contact.

Statistical analysis was performed using Stata 14. Continuous
variables were presented as means with corresponding standard
deviations (SD) or medians with corresponding interquartile ranges
(IQR). Dichotomous variables were presented with their absolute
numbers and percentages. In the case of continuous variables,
baseline characteristics and outcomes between two groups were
compared using a t-test if the variables had a normal distribution or
the Mann-Whitney U-test if not. The Shapiro-Wilk test was used
to assess the normality of distribution.

Results

The survey was emailed to all 2,147 ESO members. The email
was opened by 1,122 members, and the ESO committee received
34 submissions; 8 were incomplete, and 1 was a duplication. After
follow-up, the ESO Telestroke Committee received 25 complete
submissions. Networks were described in 10 countries; Germany
accounted for 13 networks; Italy, 2; France, 2; and Ireland, 2, as
well as 1 each from Spain, Finland, Russia, Slovenia, Serbia, and
the United Kingdom (see Figure 1). Four incomplete data sets were
also acquired from Spain, France, Italy, and Ukraine and were not
included in the analysis. All completed responses described a hub-
and-spoke model, with the hub in an urban area; the mean hub
population was 864,236 (SD 1.8 million).

Hub-spoke activity and characteristics are presented in Table 1.
The mean number of hubs in a network was 1.6 (SD 1.2, range 1-
6), while the mean number of spokes in a network was 9 (SD 6.7,
range 2-24). All sites used both audio and visual communication
systems. The median distance from the hub site to the spoke site
was 70 km (IQR 55 km). There was considerable variability in hub-
spoke distance. Germany, for example, had a median distance from
hub to spoke of 46km (IQR 32), and Italy was similar, with a
median distance of 45km (IQR 12). Finland, by comparison, had
a median distance from hub to spoke of 330 km (IQR 382).

The mean number of telemedicine consultations per year per
network was 2,310 (SD 2,721, range 25-10,240) or 197 per spoke
(SD 164, range 20-468). The primary reason for telemedicine
consultations was an emergency room consultation for “diagnostic
and triage purposes” in all but one site. One network in the
United Kingdom used telemedicine for a transient ishcaemic attack
(TTA) service. The median number of strokes per network per year
was 2,107 (IQR 2,049, range 100-22,430). The median number
of interventions per network per year (denoted “reperfusion
therapies” in the survey) was 255 (IQR 210, range 10-1,320).
Representing this activity per spoke site generates a median number
of strokes per spoke site per year of 175 (IQR 192) and a median
number of interventions per spoke site per year of 15 (IQR 24). This
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TABLE 1 Characteristics of telemedicine networks in Europe.

Telemedicine networks 25
Number of countries 10
Number of hubs per network, mean (range) 1.6 (1-6)
Number of spokes per network, mean (range) 9(2-24)
Distance from hub site to spoke site, km median (IQR) 70 (55)
Telemedicine consultations per year, mean (SD) [range] 2310 (SD)
[25-10,240]
Telemedicine consultations per spoke per year, mean (SD) [range] 197 (164)
[20-468]

Strokes per year in all spoke sites in the network, median (IQR) 2107 (2,049)

Strokes per year per site, median (IQR) 175 (192)
Interventions per year in all sites in the network, median (IQR) 255(210)
Interventions per year per site, median (IQR) 15 (24)
Intervention rate, median % (IQR) 9.6 (15)
Primary use of telemedicine service

Emergency room consultation, % 24 (96)
TIA clinic, % 1(4)
Audio-visual both sides, % 25 (100)
Maintenance of a register

Single register for all sites, % 14 (56)
Spokes maintain their own register, % 5(20)
No register, % 7 (28)

activity equates to a median intervention rate of 9.6% (IQR 15) and
a mean intervention rate of 12.3% (SD 10).

Telemedicine networks have observed a linear growth in
Europe over the last 20 years (see Figure2). The median year
in which a network commenced was 2013. We dichotomized
networks into those established before 2013 and those established
after 2013. We observed that networks established before 2013
had significantly more spoke sites than those established after
2013; the mean number of spokes was 12.9 (SD 7.8) vs. 5.8
(SD 3.6), p = 0.01. We also observed a non-significant trend
toward more frequent teleconsultations per year per spoke site
in networks established before 2013 than those after 2013;
teleconsultations per year per spoke site were 216 (IQR 176) in
those established before 2013 vs. 68 teleconsultations per year per
spoke site in those established after 2013 (IQR 230), p = 0.16 (see
Figure 3).

Discussion

This ESO-supported Europe-wide telestroke survey describes a
linear growth in the number of telestroke networks across Europe.
These networks are usually quite far-reaching, with a mean of 9
spokes and 1.5 hubs per network or, alternatively, 6 spokes per hub.
This network configuration mirrors a U.S. survey that reported a

frontiersin.org
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FIGURE 2

Growth in the number of telemedicine networks according to reported year they commenced.
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FIGURE 3

Comparison of earlier established networks with that of later established networks (groups dichotomised according to the median year of network
commencement, 2013). Compared according to (A) Number of spokes in the network and (B) Teleconsultations per site per spoke. "p < 0.05.
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mean of 7.6 spokes per hub (Silva et al.,, 2012). Across Europe,
networks vary considerably in size, ranging from 2 spokes to 24
spokes per network. The distance from a hub-to-spoke site varied
from 3km (Germany) to 868 km (Finland). Activity also varies
considerably, ranging from 20 tele-consultations per site per year
to 468 tele-consultations per site per year.

Networks that developed more recently (after 2013)
were smaller and exhibited a trend toward fewer
teleconsultations/year/site. ~ Earlier ~ established telemedicine

networks probably continue to grow after inception, or early
adaption possibly occurred in places of greater need. Evidence
for the former is supported by the aforementioned U.S. telestroke
survey that observed a significant growth in the number of spokes

Frontiersin Stroke

per hub during the monitored period between 2007 and 2009,
3.78 vs. 7.60, p = 0.05 (Agarwal et al., 2014). So it is likely that the
intra-network growth is iterative.

All networks but one use the service to support emergency
department consultations for acute stroke triage and assessment.
All networks report using audio and visual solutions for
communication. Given the pre-COVID-19 inception date, this
suggests the use of telestroke-specific software, but the survey did
not request this information.

The reported overall median intervention rate among the spoke
sites was 9.6% (mean 12.8%), which is adequate, given that the
majority of interventions will have taken place in smaller, non-
university hospitals. This compares favorably with publications
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from other European sites, albeit assessed at earlier time points
[Stroke Europe, (n.d.)].

The survey has several limitations. Most notably, our capture
rate was probably inadequate. A 2009 literature review by BM
Demaershcalk et al. reported on telestroke-specific activity and
identified five telestroke-specific networks in Europe at the time,
which correlates with the findings of this survey for that time period
(see Figure 2) (Demaerschalk et al., 2009).

However, a recently published German paper identified 22
telemedicine networks in Germany alone (Barlinn et al., 2021). Of
these 22 networks, 13 responded to our survey (60% response rate).
A French meta-analysis reported seven hub-and-spoke networks in
France, of which three responded to our survey (one incomplete
data set) (Ohannessian et al., 2020). Consequently, it is reasonable
to conclude that this survey is not entirely representative of Europe-
wide telemedicine activity. Moreover, in this survey, we did not
explore the technical elements or quality indicators in the networks
as this is the intention of future ESO telestroke surveys. The intent
of this survey was to identify the location of networks, report on
the geographic configuration of spokes, and describe basic activity,
with the intention of forming a footprint for future mapping of
activity and growth.

Limitations notwithstanding, we report the first Europe-wide
description of telemedicine activity derived from non-direct email
communication with more than 2,000 ESO members and follow-up
communication with national stroke leads. The ongoing growth of
networks is encouraging, and the variety in size and activity should
encourage those aspiring for small collaborations with iterative
growth in the likely observed model. Intervention rates among
networks are greater than expected for what are predominantly
smaller, more rural hospital sites supported by urban hub sites.

This telestroke map, if accurate, points toward clear
geographical “black spots” across Europe, and clinicians can
use these data to influence national policy toward a more favorable
regulatory and incentive-based environment, especially in a
post-COVID-19 videoconferencing era.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

DR: Data curation, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing—original
draft, Writing—review & editing. PM-B: Conceptualization, Data
curation, Investigation, Methodology, Project administration,

References

Agarwal, S., Day, D. ], Sibson, L., Barry, P. J., Collas, D., Metcalf, K., et al.
(2014). Thrombolysis delivery by a regional telestroke network-experience from the

Frontiersin Stroke

10.3389/fstro.2023.1282209

Validation,
review & editing. RV: Conceptualization, Formal analysis,
Methodology,
Visualization,
Data
Investigation, Methodology, Project administration, Supervision,

Resources, Software,  Supervision, Writing—

Investigation, Project administration,

Supervision, Writing—review &  editing.

FC: Conceptualization, curation, Formal analysis,
Visualization, Writing—review & editing. BZ: Conceptualization,
Investigation, Methodology, Project administration, Supervision,
Visualization, Writing—review & editing. ZZ: Conceptualization,
Investigation, Methodology, Writing—review & editing. JB:
Conceptualization, Data curation, Formal analysis, Methodology,
Software, Visualization, Writing—review & editing. MK-C:
Methodology,

Visualization,

Conceptualization,  Investigation, Project

administration, Software, Writing—review &
editing. AA: Conceptualization, Formal analysis, Methodology,
Project administration, Software, Visualization, Writing—review
& editing, Data curation, Investigation, Resources, Supervision,

Validation, Writing—original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) (FC and PM-B) declared that they were an
editorial board member of Frontiers, at the time of submission. This
had no impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fstro.2023.
1282209/full#supplementary-material

UK National Health Service. J. Am. Heart Assoc. 3, €000408. doi: 10.1161/JAHA.113.0
00408

frontiersin.org


https://doi.org/10.3389/fstro.2023.1282209
https://www.frontiersin.org/articles/10.3389/fstro.2023.1282209/full#supplementary-material
https://doi.org/10.1161/JAHA.113.000408
https://www.frontiersin.org/journals/stroke
https://www.frontiersin.org

Ryan et al.

Baratloo, A., Rahimpour, L., Abashouk, A. I, Safari, S., Lee, C. W., and Abdalvand,
A. (2018). Effects of telestroke on thrombolysis times and outcomes: a meta-analysis.
Prehosp. Emerg. Care 22, 472-484. doi: 10.1080/10903127.2017.1408728

Barlinn, J., Winzer, S., Worthmann, H., Urbanek, C., Hiusler, K. G., Giinther, A.,
etal. (2021). Telemedicine in stroke—pertinent to stroke care in Germany. Nervenarzt
92, 593-601. doi: 10.1007/s00115-021-01137-6

Bladin, C. F., and Cadilhac, D. A. (2014). Effect of telestroke on emergent stroke care
and stroke outcomes. Stroke 45, 1876-1880. doi: 10.1161/STROKEAHA.114.003825

Busti, C., Gamboni, A., Calabro, G., Zampolini, M., Zedde, M., Caso, V.,
et al. (2021). Telestroke: Barriers to the transition. Front. Neurol. 12, 689191.
doi: 10.3389/fneur.2021.689191

Demaerschalk, B. M., Miley, M. L., Kiernan, T. E. J., Bobrow, B. J., Corday, D.
A., Wellik, K. E,, et al. (2009). Stroke telemedicine. Mayo Clin. Proc. 84, 53-64.
doi: 10.4065/84.1.53

Europa (n.d.). Eurostat Regional Yearbook: Statistics on Rural Areas in the EU.
Available online at: https://ec.europa.eu/eurostat/statistics- explained/index.php?title=
Statistics_on_rural_areas_in_the_EUandoldid=391832 (accessed June 2023).

Hubert, G. J., Meretoja, A., Audebert, H. J., Tatlisumak, T., Zeman, F., Boy, S.,
etal. (2016). Stroke thrombolysis in a centralized and a decentralized System (Helsinki
and telemedical project for integrative stroke care network). Stroke 47, 2999-3004.
doi: 10.1161/STROKEAHA.116.014258

Hubert, G. J., Santo, G., Vandooren, G., Zvan, B., Tur Campos, S., Alasheev, A.,
et al. (2018). Recommendations on telestroke in Europe. Eur. Stroke J. 4, 101-109.
doi: 10.1177/2396987318806718

Kazley, A. S., Wilkerson, R. C., Jauch, E,, and Adams, R. J. (2012). Access
to expert stroke care with telemedicinee REACH MUSC. Front. Neurol. 21, 44.
doi: 10.3389/fneur.2012.00044

Frontiersin Stroke

06

10.3389/fstro.2023.1282209

Meyer, B. C., Raman, R, Hemmen, T., Obler, R, Zivin, J. A, Rao, R,
et al. (2008). Efficacy of site-independent telemedicine in the STRokE DOC
trial: a randomised, blinded, prospective study. Lancet Neurol. 7, 787-795.
doi: 10.1016/S1474-4422(08)70171-6

Miiller-Barna, P., Hubert, G. J., Boy, S., Bogdahn, U., Wiedmann, S., Heuschmann,
P. U, et al. (2014). Telestroke units serving as a model of care in rural areas: 10-year
experience of the telemedical project for integrative stroke care. Stroke 45, 2739-2744.
doi: 10.1161/STROKEAHA.114.006141

Ohannessian, R., Schott, A.-M., Colin, C., Nighoghossian, N., de Bustos, E. M., and
Moulin, T. (2020). Acute telestroke in France: a systematic review. Rev. Neurol. 176,
316-324. doi: 10.1016/j.neurol.2019.11.004

Silva, G. S., Farrell, S., Shandra, E., Viswanathan, A., and Schwamm, L. H. (2012).
The status of telestroke in the United states. A survey of currently active stroke
telemedicine programs. Stroke 43, 2078-2085. doi: 10.1161/STROKEAHA.111.645861

Stroke Europe (n.d.). The Burden of Stroke in Europe Report: Thrombolysis. Available
online at: https://strokeeurope.eu/index/acute-stroke- care/4- 2thrombolysis/ (accessed
June 2023).

Wilcock, A. D., Schwamm, L. H., Zubizarreta, ]J. R., Zachrison, K. S,
Uscher-Pines, L., Richard, J. V., et al. (2021). Reperfusion treatment and stroke
outcomes in hospitals with telestroke capacity. JAMA Neurol. 78, 527-535.
doi: 10.1001/jamaneurol.2021.0023

Wu, T. C, Lyerly, M. J., Albright, K. C., Ward, E., Hassler, A., Messier, J., et al.
(2014). Impact of telemedicine on access to acute stroke care in the state of Texas. Ann.
Clin. Transl. Neurol. 1, 27-33. doi: 10.1002/acn3.20

Wrysocki, N. A., Bambhrolia, A., Ankrom, C., Vahidy, F., Astudillo, C., Trevino,
A, et al. (2019). Outcomes among patients with ischaemic stroke treated with
intravenous tpa via telemedicine. Stroke 50, 895-900. doi: 10.1161/STROKEAHA.118.
024703

frontiersin.org


https://doi.org/10.3389/fstro.2023.1282209
https://doi.org/10.1080/10903127.2017.1408728
https://doi.org/10.1007/s00115-021-01137-6
https://doi.org/10.1161/STROKEAHA.114.003825
https://doi.org/10.3389/fneur.2021.689191
https://doi.org/10.4065/84.1.53
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Statistics_on_rural_areas_in_the_EUandoldid=391832
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Statistics_on_rural_areas_in_the_EUandoldid=391832
https://doi.org/10.1161/STROKEAHA.116.014258
https://doi.org/10.1177/2396987318806718
https://doi.org/10.3389/fneur.2012.00044
https://doi.org/10.1016/S1474-4422(08)70171-6
https://doi.org/10.1161/STROKEAHA.114.006141
https://doi.org/10.1016/j.neurol.2019.11.004
https://doi.org/10.1161/STROKEAHA.111.645861
https://strokeeurope.eu/index/acute-stroke-care/4-2thrombolysis/
https://doi.org/10.1001/jamaneurol.2021.0023
https://doi.org/10.1002/acn3.20
https://doi.org/10.1161/STROKEAHA.118.024703
https://www.frontiersin.org/journals/stroke
https://www.frontiersin.org

	Telestroke activity across Europe; The results of a European Stroke Organization survey
	Introduction
	Methods
	Results
	Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


